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Abstract 
This paper seeks to analyze the determinants of the civil service productive 
efficiency in West African Economic Monetary Union (WAEMU) countries 
over the period 2003-2017. Using the two-stage Data Envelopment Analysis 
(DEA) model, our results show that the average productive efficiency of the 
public services studied is 87.4%. This suggests that there is room for im-
provement in the level of output of the public services, all other things being 
equal. We also found that the average wage, the square of corruption control, 
and the interaction term between corruption control and the average wage 
have a positive effect on productive efficiency. These findings suggest that 
before getting improvement in the productive efficiency of public service in 
the WAEMU region, countries should reach a higher level of corruption con-
trol and a substantial level of the average wage. 
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1. Introduction 

The efficiency of public intervention is an important concern in economic anal-
ysis. There is a controversy among economists about the legitimacy and effi-
ciency of state action. For statist economists, public intervention could be effi-
cient. Liberals, on the other hand, believe that all state action is inefficient and 
wasteful of resources. Thus, for them, state action lacks rationality and leads to 
an inefficient allocation of resources because the state is not guided by the profit 
motive. 

In the provision of public goods and services, the state uses a certain amount 
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of financial resources, but mainly the civil service, which represents all the 
workers in the public administration, who operate within the framework of the 
law (Bacache-Beauvallet & Outin, 2013). But the seminal work of Buchanan and 
Tullock (1962) showed that the production of public goods by the public service 
is not efficient. This can be explained by the fact that public servants (bureau-
crats), like all private agents, seek the greatest possible personal satisfaction on 
the one hand. On the other hand, they are subject to a system of weak control in 
the administration. This leads to inefficient production of public goods and ser-
vices. They, therefore, propose a strict institutional framework for public policies 
to limit waste. In this sense, there is an emergence in economic analysis of em-
pirical work to identify the explanatory factors of the efficiency of public pro-
duction units. 

Monkam (2014) examined the productive efficiency of local municipalities 
and its determinants in South Africa by explaining efficiency scores in a second 
stage using a Tobit regression model. He notes that fiscal autonomy, the num-
ber, and skill levels of senior managers positively influence the productive effi-
ciency of municipalities in South Africa. Thus, an improvement in these factors 
is an important determinant of the improvement in the productive efficiency of 
municipalities. On the other hand, the results show a negative effect of local dem-
ocratic behavior and vacancy rates on the efficiency of municipalities in South 
Africa. 

Similarly, Šťastná and Gregor (2014) studied public sector efficiency during 
and beyond government transition in the Czech Republic during the 1995-1998 
transition period and the 2005-2008 post-transition period by identifying the 
determinants of local government efficiency by period. The results show that in 
both periods the size of the municipality and the main budgetary variables qua-
litatively affect efficiency in the same direction and in line with the fiscal stress 
hypothesis. However, it is during the post-transition period that geographical 
distances start to matter for efficiency. 

Apart from local governments, other studies identifying the determinants of 
the productive efficiency of public production units focus on other sectors like 
education, health, justice, etc. 

For example, in the health sector, Castaldo et al. (2020) investigated the de-
terminants of health sector efficiency in 30 OECD countries using a two-stage 
method. Efficiency scores are calculated by the data envelopment method (DEA) 
in the first step. In the second step, they examined the determinants of the effi-
ciency scores by a Tobit model. Their findings note inefficiencies in health ser-
vice provision in OECD countries. Furthermore, the study shows that health in-
efficiency depends on the level of GDP per capita, immunization coverage, and 
tobacco consumption. But also, the inefficiency of the health system is explained 
by geographical and institutional factors of countries. 

In the same sense, Chu et al. (2015) examined the efficiency and its determi-
nants for the medical care system in China with the Tobit model. The results 
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show that medical insurance reforms improved the performance of Chinese 
hospitals, while government subsidies decreased it. Provinces with higher GDP 
per capita and population density have better hospital performance. They sug-
gest that the development of private hospitals should be encouraged, expanding 
the coverage of medical services. Similarly, Kaya Samut and Cafri (2015) work 
on the determinants of health system efficiency in OECD countries by the DEA 
and Tobit panel, shows that income, education level, and the number of private 
hospitals positively affect the productive efficiency of hospitals in OECD countries. 

In the education sector, results of studies on socio-institutional determinants 
of the efficiency of educational resources according to the capability approach in 
Italy by Guarini et al. (2020) show on the one hand that there is inefficiency in 
the use of educational resources. On the other hand, the results suggest that so-
cial capital and the quality of governance positively influence the efficiency of 
educational resources. Also, the findings suggest complementarity between pri-
vate wealth and public expenditure on education. 

This literature shows that public units of production of goods and services of-
ten lack efficiency. Besides, the level of efficiency of these units is explained by 
socio-economic, political, and institutional factors. This shows that the debate 
on the determinants of public service efficiency is still relevant. 

For several decades, all countries, and in particular the countries of the West 
African Economic and Monetary Union (WAEMU), adopted measures to in-
crease the efficiency of the public service, notably in terms of salaries and the 
fight against corruption. However, the quality of public services is still relatively 
low for the provision of public goods and services in WAEMU countries. The 
average rating of the quality of the public service for the efficient provision of 
public goods over the period 2005 to 2018 is 2.88 for the WAEMU on a scale of 1 
to 6. This is lower than the rate for middle-income countries, which is 3.01 
(World Bank, 2020). 

Based on these theoretical and empirical findings, on the one hand, and the 
context and stylized facts, on the other hand, the question of; what are the de-
terminants of the productive efficiency of the civil service in WAEMU countries 
is asked? 

The objective of this paper is to examine the determinants of the productive 
efficiency of the public service in WAEMU countries. To the best of our know-
ledge, no study on the determinants of public sector efficiency in the WAEMU 
has specifically examined the determinants of the productive efficiency of the 
public service. Thus, this study will identify the factors that influence the level of 
efficiency, and assess the effect of the interaction between the control of corrup-
tion and the average wage to orient economic policies. To do this, we will use the 
two-stage Data Envelopment Analysis (DEA) model. First, we will calculate effi-
ciency scores, and second, we will study the determinants of efficiency. 

The rest of this paper is organized into three parts. The first part presents the 
methodological approach. The second part discusses the results obtained and fi-
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nally a conclusion. 

2. Methodological Approach 
2.1. First Step: Method for Determining the Efficiency 

The determination of the efficiency of a decision or production unit is generally 
based on the analysis of the production frontier since the early ideas of Koop-
mans (1951) and Debreu (1951) with the seminal work of Farrell (1957) on the 
calculation of efficiency. In the literature, we find that the DEA method is more 
compatible for the determination of the efficiency of the public service because 
of the existence of multiple inputs and outputs for production on the one hand. 
On the other hand, the production technology is difficult to model and prices 
are not known. Indeed, in the situation of a multi-input, multi-output technolo-
gy, the efficiency can be written thus: 
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where kET  is the productive efficiency of production unit k using m inputs to 
produce s outputs; rkY  is the quantity of output r produced by production unit 
k; ikX  is the quantity of input i consumed by production unit k; rU  and iV  
the respective weights of output r and input i; n is the number of production 
units to be evaluated; m and s are the respective numbers of inputs and outputs. 

The use of the DEA approach will aim to estimate the ratio between the 
weighted sum of outputs and the weighted sum of inputs for each production 
unit under study. Each decision unit will want to maximize, and if it reaches the 
frontier, the value of the ratio will be equal to unity and contrarily, the value will 
be less than unity. 
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The optimization system can be solved according to two options. The first, 
output orientation, is to maximize the weighted sum of outputs while keeping 
inputs fixed. This implies how much a decision unit can increase its output with 
the same amount of inputs. The second option, which represents the input 
orientation, consists of minimizing the weighted sum of inputs while keeping 
the outputs fixed. In other words, it shows the proportion in which a production 
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unit can reduce its inputs while producing the same volume of outputs 
(Huguenin, 2013). 

In this paper, we adopt the output-oriented DEA approach with variable re-
turns to scale (VRS) which is presented as follows (Banker et al., 1984): 

1 1max s m
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It is to incorporate the variable returns to scale (VRS) assumption that the 
constant returns to scale (CRS) model is modified by relaxing the constant re-
turns to scale assumption by adding a returns to scale measure (

1 1jj
n λ
=

=∑ ) 
that represents the convexity constraint in the dual equation for the decision 
unit. 

2.2. Step Two: Method for Estimating the Determinants  
of Productive Efficiency 

In the literature, the sensitivity of efficiency scores to certain socio-economic va-
riables is an important concern. To assess the influence of these variables on the 
efficiency of production units, the Tobit regression model is commonly used 
because the efficiency score variable to be explained is censored (Lee, Lee, & 
Kim, 2009; Ferrera et al., 2011; Qiao et al., 2017). 

The model is as follows: 
*; si 1

0 if not
j k k
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kET  is the efficiency score of the public service and kX  is the vector of de-
terminants. 

The functional form of the model is as follows: 

(
)2 2
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2.3. Variables and Data Source 

For this study, our data covers five WAEMU countries over the period 2003 to 
2017, namely: Benin, Burkina-Faso, Niger, Senegal, and Togo. The choice of va-
riables is based on the literature (Table 1). 

3. Empirical Results 
3.1. Efficiency by Output Orientation 

Table 2 presents the productive efficiency scores of the public services of the five  
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Table 1. Description of variables. 

Variables Nature sources 

Number of civil servants (AE) Input Statistical Yearbook of the Ministry of  
Public Service of WAEMU countries 

Equipment costs (FREQUIP) Input CBWAS and World Bank statistical yearbook 

GDP growth rate (TCPIB) Output World Bank 

Human Development Index (IDH) Output World Bank 

Corruption control (CORR) Determinant World Bank 

Government efficiency (EFGOUR) Determinant World Bank 

Voice and Responsibility (VOIXRESP) Determinant World Bank 

Average annual wage (SALMOY) Determinant Calculated 

Population growth rate (TPOP) Determinant World Bank 

Interaction of Wages and Corruption  
Control (CORR*SALMOY) 

Determinant Calculated 

Square of Corruption control (CORR2) Determinant Calculated 

Government efficiency square (EFGOUR2) Determinant Calculated 

Auteurs (2021). 
 

Table 2. Estimation results of the efficiency scores (output orientation) 

Years Benin Senegal Niger  Burkina-Faso Togo Average/year 

2003 0.9140 0.895  0.671 0.767 1 0.849 

2004 0.907 0.845  0.569 0.638 0.993 0.790 

2005 0.922 0.851  0.665 0.825 0.993 0.851 

2006 0.922 0.839  0.759 0.727 1 0.849 

2007 0.974 0.857  0.624 0.713 1 0.834 

2008 0.919 0.872  1 0.813 0.962 0.913 

2009 0.936 0.869  0.650 0.711 1 0.833 

2010 0.932 0.884  0.869 0.750 1 0.887 

2011 0.935 0.903  0.672 0.821 0.998 0.866 

2012 0.950 0.923  1 0.813 1 0.937 

2013 1 0.923  0.730 0.795 0.989 0.887 

2014 1 0.958  0.808 0.788 1 0.911 

2015 0.988 0.954  0.698 0.788 1 0.886 

2016 0.988 0.972  0.732 0.828 1 0.904 

2017 1 1  0.726 0.845 1 0.914 

Average 0.952 0.903 0.745 0.775 0.995 0.874 

Average inefficiency 0.048 0.097 0.255 0.225 0.005 0.126 

Auteurs (2021). 
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WAEMU countries studied. On average over the study period, the efficiency 
score is 87.4% in terms of productive efficiency. This shows that there is still 
room for improvement in the production of public goods and services in these 
countries without an increase in production capacity. Indeed, the five countries 
could increase the output of their respective public services by 12.6% without 
recruiting more civil servants or increasing the capital expenditure of public ad-
ministrations. 

This lack of efficiency in the public service in the WAEMU could be explained 
by the socio-economic and institutional characteristics of the countries. It is, 
therefore, necessary to study the influence of these factors to formulate econom-
ic policy measures that will improve the level of productive efficiency of the pub-
lic service in the countries. This is important because of the difficulties that 
countries are facing. Resources are increasingly scarce but there is a growing 
need for the population to be satisfied by the state. Therefore, states need to al-
locate resources efficiently to avoid wastage which can compromise the eco-
nomic performance of countries. 

3.2. Determinants of Public Service Efficiency Scores 

To assess the statistical basis of the efficiency scores calculated by the DEA me-
thod, we carried out a second step estimation to identify the exogenous factors 
that influence the efficiency scores. 

The efficiency scores generated by the DEA method are censored (between 0 
and 1) but no decision unit has a score of zero. To take this aspect into account, 
we estimated the Tobit model by the maximum likelihood method on the one 
hand, and on the other hand, a Fractional Probit Regression on the productive 
efficiency of the public functions studied. The coefficient of the Akaike’s infor-
mation criterion (AIC) test of the Tobit model (−173.8077) is lower than that of 
the fractional probit regression (63.42293), so the Tobit model is more appro-
priate. 

To ensure the robustness of these results, we also estimated them using the 
double bootstrap method proposed by Simar and Wilson (2007), which allows us 
to take into account the following two limitations: On the one hand, the technic-
al efficiency scores generated by the DEA method are statistically and strongly 
dependent on each other, which implies a serial correlation of the error term. On 
the other hand, the explanatory variables of technical efficiency tend to be cor-
related with the error term. Thus, we opted for Algorithm 1 because of our small 
sample size. 

The estimation is done according to two approaches. In approach 1 we esti-
mated only the variables without the squares of the variables; control of corrup-
tion and government effectiveness. In approach 2, the estimation is done by re-
placing the variables; control of corruption and government effectiveness with 
their squares. 

The maximum likelihood results of the Tobit model using both approaches 
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and the double bootstrap method give us the same results reported in Table 3, 
implying that our estimates from the DEA approach are robust to alternative 
methodologies. 

The results show that the coefficients on the variables of corruption control 
and government effectiveness are negatively significant. This shows that the 
more governments adopt measures to improve their efficiency and corruption 
control, the less the productive efficiency of the civil service in WAEMU coun-
tries improves. These results could be justified by the fact that improved gov-
ernment efficiency with reduced corruption leads to the limitation of personal 
rents of civil servants that can be considered as incentives. These results are con-
sistent with the theoretical results of Lui (1985), Lien (1986), and Beck and 
Maher (1986) who established a positive effect between the development of cor-
ruption and the growth of labor productivity. For them, corruption generates 
additional income for workers and acts as an efficiency wage by improving the 
productive efficiency of public servants. Therefore, any economic policies to 
control corruption aimed at improving productive efficiency must take this factor  

 
Table 3. Estimation results for the determinants of efficiency. 

Variables 

maximum likelihood of the  
Tobit model 

Bootstrap by Simar and  
Wilson (2007) 

Approach1 Approach2 Approach1 Approach2 

Corr 
−0.341*** 

(−2.84) 
− 

−0.295*** 
(−2.67) 

− 

Efgour 
−0.188*** 

(−2.87) 
− 

−0.245*** 
(−3.6) 

− 

Salmoy 
5.99e−08*** 

(4.05) 
3.44e−08*** 

(2.95) 
6.47e−08*** 

(4.3) 
4.17e−08*** 

(3.82) 

Depinv 
0.008*** 

(3.46) 
0.007*** 

(3.32) 
0.006*** 

(2.84) 
0.005*** 

(2.84) 

Voixresp 
0.087** 
(2.11) 

0.124*** 
(2.72) 

0.115*** 
(2.81) 

0.145*** 
(3.31) 

Tpop 
−0.250*** 

(−6.96) 
−0.205*** 

(−5.36) 
−0.273*** 

(−7.44) 
−0.240*** 

(−6.02) 

Corr*Salmoy 
7.02e−08** 

(2.32) 
1.22e−08 

(0.68) 
6.41e−08** 

(2.14) 
1.62e−08 

(0.92) 

Corr2 − 
0.154* 
(1.70) 

− 
0.161* 
(1.78) 

Efgour2 − 
0.132*** 

(2,84) 
− 

0.180*** 
(3,24) 

Constant 
1.075*** 
(10.89) 

1.123*** 
(11.09) 

1.159*** 
(13.47) 

1.231*** 
(13.23) 

Auteurs (2021) ***, ** and * indicate significance at the threshold of 1%, 5% and 10%. 
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into account so as not to limit the efficiency of the production of public goods in 
the short run. 

In addition, the coefficient on the variable, vote, and accountability, is signifi-
cant and has a positive effect on countries’ efficiency scores. These results reveal 
that the higher the quality of the democracy indicators, the higher the efficiency of 
the public service. In other words, the more democratic a country is with good 
orientations, the more peace of mind, confidence, foresight, and relevance of the 
tasks to be performed by civil servants, and the more their efficiencies increase. 
The rationale would be that civil servants have less political pressure and they per-
form their tasks well. This is consistent with the study of Hwang and Akedede 
(2011) which found a positive relationship between the quality of a country’s go-
vernance and the efficiency of the public sector in the areas of administration pol-
icy, infrastructure, and stability. Thus, there is a need to further promote demo-
cratic freedom in the public service to stimulate increased production efficiency. 

The coefficient of the population growth rate is negatively significant, so high 
population growth is accompanied by high demand for public administration 
services. This gives civil servants more tasks and also requires capital expendi-
ture for the state. These results are in line with those of Benito et al. (2019) who 
show that high population density has a negative effect on the efficiency of pub-
lic goods provision. 

The average annual salary variable has a positive and significant effect on the 
productive efficiency of the public service in WAEMU countries. Thus, the 
higher the average salary, the more the efficiency of civil servants will improve. 
This shows that a high salary level would be a motivating factor to improve the 
productivity of civil servants in the countries. This is explained by Akerlof 
(1982) theory of wage efficiency highlighted by Georgiadis (2012) in the UK with 
an experimental model that the minimum wage plays the role of efficiency wage, 
as well as Ehrenberg and Smith (2009) who showed that a better wage level can 
contribute to the improvement of workers’ productivity and thus can play the 
role of an incentive for civil servants to improve production efficiency. There-
fore, it is necessary to guarantee a sufficient salary for public service workers to 
have high production efficiency. 

The results show that the interaction variable between corruption control and 
the average annual salary explains positively the productive efficiency of the civil 
service in the WAEMU. The positive effect of the increase in the average wage 
would dominate the negative effect of the control of corruption. Thus, the aver-
age wage plays a complementary role in the control of corruption to the benefit 
of improving the efficiency of civil servants. This could be justified by the fact 
that an increase in the average wage would compensate for the lack of individual 
rents due to the control of corruption which serves as an incentive bonus. This is 
because corruption is perceived as an efficiency wage that increases the produc-
tivity of poorly paid civil servants. This is consistent with the perception that 
corruption compensates for the failure of state institutions by generating indi-
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vidual rents to motivate workers (Leff, 1964; Leys, 1965; Bailey, 1966). 
We also find that the variable public investment expenditure has a positive ef-

fect on the productive efficiency of the civil service in WAEMU countries. This 
result can be explained by the fact that the more the State carries out investment 
expenditure, the more there will be an improvement in the quality of infrastruc-
ture on the one hand, and on the other hand the accumulation of human capital, 
which will lead to an increase in worker productivity. This result is consistent 
with that of Lio and Liu (2008). 

In contrast to the results of approach 2, the squares of the variables corruption 
control and government effectiveness positively influence the productive effi-
ciency of the civil service in WAEMU countries. This is contrary to the effects of 
the variables themselves. Thus, there is a higher level of corruption control and 
government effectiveness that will improve the productive efficiency of the civil 
service of the countries. Thus, in the short run, public servants are resistant to 
corruption reduction reforms because of the loss of individual benefits that cor-
ruption generates. These results suggest that the control of corruption and gov-
ernment efficiency should be accelerated to a certain level before stimulating the 
improvement of the productive efficiency of the public service in the provision 
of public goods and services. Thus, to improve the productive efficiency of the 
public service, it is necessary to adopt measures to achieve a high level of im-
provement in the quality of governance. This corroborates with the results of the 
study led Hwang and Akedede (2011) which established a positive relationship 
between the quality of governance of a country and the efficiency of the public 
sector in the areas of administration policy, infrastructure, and stability. 

4. Conclusion 

In this work, we have studied the productive efficiency of the public service in 
Benin, Burkina Faso, Senegal, Niger, and Togo, which are responsible for pro-
ducing public goods and services. Thus, we used the two-stage DEA method, 
which is more adapted to our study context where there are several inputs and 
outputs whose production technique is difficult to model. The determination of 
the efficiency scores shows that the average productive efficiency in these coun-
tries is 87.4%. This shows that there is still room for improvement in the pro-
duction of public goods and services in these countries without an increase in 
the means of production. This could be explained by socio-economic and insti-
tutional factors. The maximum likelihood estimation of the Tobit model and the 
bootstrap method of the determinants of the efficiency scores show that the re-
sults are identical. The results show that the variables: corruption control, gov-
ernment effectiveness, and population growth rate, negatively and significantly 
influence the efficiency scores of countries. While the variables average wage, 
public investment expenditure, vote, and accountability, the square of the va-
riables corruption control and government effectiveness as well as the product of 
corruption control and average wage have a positive and significant sign on the 
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efficiency scores. These results have policy implications. To reduce the negative 
effect of corruption control on efficiency, governments need to develop a com-
prehensive approach not only to fight corruption but also to improve wage levels 
in the short term and the long-term, act to achieve a high level of corruption 
control and government efficiency to discourage resistance from civil servants. 
Despite the policy implications of our results, it is worth noting that this paper 
did not take into account the potential slacks in inputs and outputs. Further stu-
dies may improve this methodological aspect. 
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