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Abstract 

The study focused on Human Capital Development (HCD) and Economic Growth in West 
Africa .This research seeks to examine the impact of Human Capital Development (HCD) on 
economic growth in the West African sub region. In carrying out the empirical research, data 
were collected on human capital development and growth indices from countries in the sub 
region and panel data analysis was conducted to ascertain the acceptance or otherwise of the 
hypotheses developed in the study. The endogeneity problem often associated with panel data 
analysis was accounted for through the use of the Generalized Method of Moments. From the 
Arellano-bond dynamic panel estimation, government expenditure on health care provision 
(EXH) is statistically insignificant to growth in West Africa. It also shown that those who 
enrolled for a minimum of four years at the tertiary school level (TSE4), government 
expenditure on education (EXE) and gross capital formation (GCF) were statistically 
significant in determining economic growth among the Francophone countries in West Africa. 
The Arellano-Bond dynamic panel results show the acceptance of the null hypotheses, which 
indicate that there is no significant relationship between economic growth and the time lag of 
primary school, secondary school and tertiary school enrolment as well as government 
expenditure on education in West African sub region as a whole. The study however shows a 
significant relationship between economic growth and Population Growth Rate (PGR,) Gross 
Capital Formation (GCF) information and communication technology (ICT) in the sub-region. 
From the result, emphasis should be devoted to information and communication technology as 
well as increase in government expenditure on health in West Africa, if the sub region is to 
witness expected economic growth as noticed in the South East Asian (SEA) economies.  

Keywords: Human Capital Development, ICT, Economic Growth, Generalized Methods of 
Moments, Variance Inflation Factor 

 

01. Introduction 

The issue of human capital assumed a critical dimension in economic literature immediately after the Second World 
War. This was the period when most nations were eager to overcome the social, economic and political problems 
created as a result of the War and the need to facilitate economic growth and development. For example, Mankiw 
(1995) recounts the “miracle” story of rapid economic growth in Japan and Germany between 1948 and 1972. 
According to him, output per man grew by 8.2 % in a year in Japan while it was 5.7 % in a year in Germany. This 
development was due to the consistent and massive investments in human capital via the instruments of health care, 
education, science and technology. Also, most countries suddenly realized that human capital infrastructure remains 
the super structure upon which developed and modern societies are built. Therefore, the West Africa Sub-region 
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decided to key into this development and growth paradigm. As a result, most developed countries in Europe and North 
America as well as the Fast Emerging Economies (FEEs) of the South East Asia (SEA) and Latin America, have been 
able to advance their development and growth frontiers through institutional capacity building that is hinged on human 
capital development. 

According to Bergheim (2005), the Fast-Growth countries of Spain, Thailand, India and China (STIC) have been able 
to record unprecedented growth rates in their respective economies. This was due to the adequate investment these 
countries gave to education and health. This scenario was perhaps different from the Slow-Growth Countries (SGCs) 
in the Sub-Sahara African (SSA) region and some other parts of Asia with less investment capacity in education and 
the health care sectors of the economy. Earlier studies by Schultz (1961), Denison (1962) and a host of other 
economists confirmed that an economy is contingent on education to foster economic growth.  The improvement in 
human capital has been judged by most development economists as a critical pre-condition for a country’s economic, 
political and socio-cultural transformation. It is on this premise therefore that human capital is considered as an engine 
for economic growth, agent of economic transformation and a catalyst for social renaissance. An economy driven by 
innovative ideas and creative thinking is a human capital inclined economy. 

Chete and Adeoye (2002) added that the interplay between economic growth and other economic fundamentals is 
human capital. The lead driver in this interplay is the human capital, narrowly defined in this context to include public 
spending on education and health care provision. This is so because advancement in human capital investment drives 
all the processes of growth. To this end, whenever there is a disconnection between economic growth and productivity, 
the discounting factor could sometimes pivot around human capital. A major component of the development planning 
process is capacity building through education and adequate healthcare provision (World Bank, 1998).  

It has become very pertinent and urgent for developing countries, especially the West African countries, to give 
attention to rapid development of the requisite knowledge, skills, abilities, attitudes and behaviours that a nation 
requires to produce marketable goods and services. By this, the much publicized Vision 2020 of the Federal 
Government of Nigeria (FGN) and the attainment of the Sustainable Development Goals (SDGs) by 2030 will be 
achieved. Sriyan de Silva (1997) and Awopegba (2003) documented that human capital development improves on the 
opportunity for upward social mobility of people. Human capital acquisition can facilitate sustainable economic 
growth and development. It has also become a springboard and the pivot upon which sustainable economic growth 
revolves. It has also become the foundation of modern and developed societies, which Nigeria, and indeed West Africa 
can key into.  

Sustaining economic growth and development via the human capital approach requires the concerted effort of both 
the private and the public sectors’ investment in human capital development through functional and qualitative 
education and health care programmes.  

2.0  LITERATURE REVIEW   

2.1 Conceptual Literature and Theoretical Literature 

According to the World Bank (2005), human capital development captures the investment individuals devote to 
themselves which ultimately translate to the enhancement of economic productivity which therefore engenders 
economic development and sustainable economic growth over time. Mankiw (1995), defines human capital as the 
knowledge or skills that individuals acquire via education, from childhood programmes such as Head Start to on-the-
job training for adults in the labour force. Hartog (2001), refers to human capital as the knowledge, skills, competence 
and other characteristics encapsulated or enshrined in people or humans which are quite germane to productive 
activities. In the same vein, Kruger and Kumar (2004) also define human capital as the total aggregates of the 
capabilities, skills or dexterity of people in a given society. Human capital encompasses education and healthcare 
provision as well as expenditure incurred on these two components and other forms of expenditure that tends to 
increase the economic activities of people in the society. The abundance of natural or physical resources in a nation 
does not translate into improved living standards and economic growth. On the contrary, it might be the reason for the 
low level of economic growth and standard of living among the countries West Africa, which some economists refer 
to as resource-curse. 

Human capital can also be described as the conscious and deliberate attempt to develop the human mind intellectually 
and otherwise, towards improving the productive capacity of people in a society with a view to contributing to 
economic growth and development. Mokate and Vil-Nkomo (2003) defined human capital as “the acquired capacities, 
which are developed through formal and informal education (at home and through training) and mobility in the labour 
market”. On the contrary, individuals also experience wear and tear in human capital as a result of the prevalence of 
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diseases, or sickness and the erosion or obsolescence of skills condition, which can be corrected through skills 
maintenance or via the channels of continuous learning, on-the-job training and adherence to good health habit. From 
this theoretical standpoint, education and health are indispensably important components of human capital 
development in any economy. The unsuccessful effort in eliminating poverty, income disparity between the rich and 
the poor and the low level of technological breakthrough in the West Africa sub-region over the years cannot be 
unconnected with the lip-service being paid to human capital development. While the contrary is the case  in the South 
East Asia and the BRIC countries – Brazil, Russia, India and China where emphasis is on education, science and 
technology. The quality of human capital is equally dependent on the quality and functionality of a nation’s 
educational system.  

Lucas (1998) modeled the link between human capital and economic growth by splitting the economy into two sectors: 
the education sector produces new human capital with the help of existing human capital (teachers), while the final 
goods sector uses both human and physical capitals as inputs. In this model, a rise in human capital explains a high 
level of income. This is the relationship we are using in our empirical model and which is well supported in academic 
research. An economic policy that raises the rate of growth of human capital will lead to higher growth rates of gross 
domestic product (GDP). 

An alternative view is that a high level of human capital allows for a high growth rate of GDP. Romer (1990) stirred 
up a lot of attention in human capital development study with his model of knowledge spillovers, where the stock of 
knowledge determines the growth rate of GDP. Based on the work of Schultz (1971), Sakamota and Powers (1995), 
Psacharopoulos and Woodhall (1997), human capital model is predicated on the assumption that official education is 
highly fundamental and instrumental in improving the production capacity of a population. They equally posited that 
when people are educated they will become highly and increasingly productive.  

The human capital model has its origin in classical economics. The notion of human capital dates back to 1776 in 
Adam Smith publications entitled: “An Inquiry into the Nature and Wealth of Nations”. In his opinion, the notion 
of human capital was tied to the creation of economic wealth and development. This understanding was equally in 
consonance with the analysis presented by other economists such as Marshall (1890) and Pigou (1920). According to 
Marshall and Pigou, firstly human beings should be perceived as capital, hence the concept of human capital. 
Secondly, developed human capital has an output that gradually contributes to a nation’s economic growth and thirdly, 
the amount invested in human capital, which increases national output also results in increased national wealth.  

According to Schultz (1961), human capital theory was predicated on education as the driving force of economic 
growth. According to him, investment in people through education can enlarge the range of choices available to them. 
It is one way through which people can enhance their welfare. In his opinion, the most distinctive feature of an 
economic system is the growth in human capital and with it there would be manual work and poverty, except for those 
who have or receive income from property.  

2.2 The Endogenous Growth Model (EGM) 

The endogenous growth model is the latest option to the theory of growth. This embraces diverse parts of theoretical 
and empirical studies that evolved in the 1980s. The model pioneered by Romer (1986) and Lucas (1988) relates 
growth in output of an economy in the long run to variables such as the savings rate and the spending on education. 
The model explains long run growth as emanating from economic activities that create new technological knowledge. 
Endogenous growth model is long run economic growth at a rate determined by forces that are internal to the economic 
system, particularly those forces governing the opportunities and incentives to technological knowledge. 

Endogenous growth theory challenges the neoclassical view by proposing channels of transmission through which 
long run economic growth can be influenced by the rate of technological progress and other economic variables. It 
begins from the opinion that technological progress takes place through innovations, in the form of improved 
commodities, processes and markets, many of which are the result of economic activities. It is also, therefore, no 
coincidence that in East Asia, savings rate of 30 to 40 percent of GDP triggers a corresponding growth in their 
economies between 1985-2005, while in Sub-Sahara Africa with saving rate of around 10 percent on the average, 
growth rate has not been appreciable. In other words, it is not only factor accumulation that drives growth but also 
efforts to utilize them. The endogenous growth model or new growth theory endogenizes the rate of technological 
progress.  

This new paradigm broadens the concept of physical capital to include human capital. The new endogenous growth 
model maintains that the law of diminishing returns-to-scale phenomenon may not be true as in the case of East Asian 
economies. Differently put, what this means is that if the firm which invests in capital also employs educated and 
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skilled labour force who are also healthy, then not only will the labour force be productive but will also be able to use 
the capital and technology more efficiently. This will lead to the so called “Hicks Neutral” (HN), shift in the 
production function and thus there can be increasing rather than decreasing returns to investments. In other words, 
technology and human capital are both “endogenous” to the system. 

3.0 Theoretical Framework and Methodology 

3.1  Model Specification  

The model being considered takes its root from the neoclassical growth model. The model accentuates the fact that 
long term economic growth results from physical capital (K) and labour force (L). Swan (1956) and Solow (1957) 
were among those who first demonstrated this. In view of the forgoing, the Cobb-Douglas production function can be 
presented as follows: 

Y(t) =K(t)
α A(t)L(t)

1-α-------- 0 < α < 1  ----------------- (3.1) 

Where, Yt = Output at time (t), Kt = Capital at time (t), At = the level of technology at time (t) (effectiveness of labour) 

A and L are assumed to grow exogenously at rates of n and g. The growth of labour force (L) is define as n, while the 
efficiency of each unit of labour (A) grows at the rate of g, therefore we can defined labour force at time, t (L(t) and 
the level of technology at time, t (A(t) to be : 

L(t) = L(0)ent ----------------------------------------------- (3.2) 

A(t) = A(0)egt ----------------------------------------------- (3.3) 

The Solow’s model assumes that savings rates, (s) population growth (n) and technological progress (A) are all 
exogenously determined and that capital and labour are paid their marginal products. The number of effective units of 
labour A(t) L(t), grows at rate n+g. The introduction of human capital accumulation to the Solow growth model gives 
the augmented Solow model as: 

  1
)()()()()( ttttt LAHKY --------------------- (3.4) 

Where; α = Physical capital share of income, β = Human Capital share of income, H = Stock of human capital, and 
all other variables remain as earlier defined. If sk is the fraction of income invested in physical capital and sh is the 
proportion invested in human capital, the given economy is determined by 

ḱ(t) = sky(t) – (n+g+ δ) k(t) ------------------------------- (3.5) 

ḣ(t) = shy(t) – (n+g+ δ)h(t) -------------------------------- (3.6) 

Where; y = Y/AL (ratio of per capital income to effective unit of labour), k = K/AL (ratio of physical capital to 
effective unit of labour), h = H/AL (ratio of human capital to effective unit of labour). 

Equation (3.5) and (3.6) indicate that the economy converges to a steady state defined as: 
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Equation 11 implies that income per capita is a function of population growth and accumulation of physical and human 
capital. The augmented Solow model is also predicated on α, which is the physical capital’s share of income and , 
which is the human capital’s share of income. 

The augmented Solow model is therefore summarized as  

 )(hLAKY   -------------------------------------(3.9) 

Where; Y = Output level, K = Stock of physical capital, h = Level of human capital, L = Labour force, A = Efficiency 
of labour 

In a more explicit manner, equation (3.12) above can be presented as follows: 

  ititititititit EXHLEREXETSESSEPSEY )ln()ln()ln()4ln()6ln()6ln( 6543210 

 itititit UIUPGCFPGR  )ln()ln()ln( 987  ----------------------(3.10)  

Y - Economic growth (proxied by growth rate of GDP), PSE6-Numbers of Primary School leavers after six years of 
Enrolment,SSE6-Numbers of Secondary School leavers after six years of Enrolment,TSE4-Students graduating from 
Tertiary School after four years enrolment, EXE-Government Expenditure in Education, LER -Life Expectancy Rate 
at Birth, EXH-Government Expenditure on Health, PGR-Population Growth Rate, GCF-Gross Capital Formation, 
IUP-Internet Users per 100 Persons proxy for Information and Communication Technology (ICT), and μit-Stochastic 
Error Terms. The a priori expectations of the signs of the coefficients in the specified growth model revealed that 
there is a positive relationship between the dependent and the explanatory variables.  

3.2 Methodology 

Panel data analysis was used to capture the relationship between human capital and economic growth. To account for 
all the associated problems of cross-sectional panel data such as heterogeneity and endogeneity, we deploy the 
Generalized Methods of Moments (GMM) in this analysis often credited to Arellano and Bond (1995). Guikey (2015) 
noted that the GMM is an empirical method of analysis fundamentally applied to correct for bias associated with 
endogenous variables and semi parametric models.   

3.3  Dynamic Panel Analysis Model 

A dynamic panel setting is developed by applying first difference transformation from the following equation: 

Yit –Yi,t-1 = (α-1)Yi,t-1 + ϕXit + ɳi + εit -------------- (3.11) 

Where; Yit-Yi,t-1 is growth rate in GDP, Xit is the set of explanatory variables, ɳi is the unobserved country-specific 
effect, and εit is the error term. We can write equation (3.11) as  

Yit = α′Yi,t-1 + ϕ′Xi,t +ɳi + εi,t ------------------------- (3.12) 

The dynamic panel model is thereby presented as follows: 

  1615144362611 lnlnlnlnlnln ttttttot EXHaLERaEXEaTSEaSSEaPSEaaY  

itttt UMSCaGCFaPGRa   191817 lnlnln ------(3.13) 

The rationale behind the choice of the impact lag is the fact that it takes at least six years of primary and secondary 
school education as well as four years of tertiary school education to meaningfully contribute to the growth of the 
economies in the West Africa sub region. The above equation implies the potential endogeneity of the explanatory 
variables, which eventually provoked the use of instrumental variables. To address this problem, an appropriate 
internal instrument is applied. 

 4.0  Presentation of Summary Statistics 

The summary or descriptive statistics for the overall sample of the sub-region is presented in table 4.1 below. 
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Table 4.1: Descriptive Statistics (1995-2014) 
Variable Obs. Mean Std. 

Dev. 
GRR 300 5.173667 8.132922 
PSE6 300 75.66 24.33526 
SSE6 300 27.36333 17.60106 
TSE4 300 4.786667 5.091913 
EXE 300 16.18133 5.136731 
LER 300 53.43 6.341858 
EXH 300 6.445667 2.857452 
PGR 300 2.630333 0.943724 
GCF 300 18.937 7.620606 
IUP 300 26.95667 34.63766 

Source: Authors’ Computation (2017) 
 
From the summary or the descriptive statistics reported in table 4.1 above, it shows the level of economic growth for 
the overall sample of the fifteen (15) West African countries averaged around 5.173667. Primary School Enrolment 
(PSE6) was found to be averaged 75.66 percent. It is also observed that, for the overall sample, tertiary school 
enrolment (TSE4) was averaged 4.79 percent of the economy. This is an indication that after four years of tertiary 
education, the contribution to growth of the economy in the West Africa sub-region is very weak owing to 
unemployment incidence. This could also be traceable to the non-possession of the pre-requisite skills that will 
guarantee adequate employment of labour force from the tertiary education sector.  

Population growth rate (PGR) for the overall sample averaged 2.63 percent shows that population of the West African 
countries is  vibrant and has the tendency to contribute to economic growth rate. Gross capital formation (GCF) and 
information and communication technology (captured by Internet Users per 100 Person IUP) averaged around 18.94 
percent and 26.96 respectively over the period under consideration for the sample size. The result shows that there is 
still low level of investment in the economy and also the level of information and communication technology is still 
on a low side and there is room for improvement. 

4.1 Correlation Analysis 

The test for correlation analysis is conducted to show the level of correlation among dependent and the independent 
variables in the model. The result is indicated below as follows: 

Table 4.2: Correlation Matrix 
 

Source: Authors’ Computation (2017) 
 

The table above focuses on the correlation between the dependent and the independent variables under consideration. 
The Primary school enrolment (PSE6)-after six years of primary school education has a negative correlation with 
economic growth as captured by growth rate (GRR). It is also seen from the result that secondary school enrolment 
(SSE6) also after six years of secondary school education is negatively associated with economic growth in the West 
African countries. The result above equally indicates that Tertiary school enrolment (TSE4) –after four years of tertiary 
education is negatively correlated with economic growth in West Africa. Government expenditure on education 
(EXE), like afore-mentioned variables has a negative correlation with economic in the region. 

  

 GRR PSE6 SSE6 TSE4 EXE LER EXH PGR GCF IUP 
GRR 1.000          
PSE6 -0.0954 1.0000         
SSE6 -0.0372 0.7449 1.0000        
TSE4 -0.0193 0.5405 0.7979 1.0000       
EXE -0.0357 0.2060 0.1558 0.1650 1.0000      
LER -0.0135 0.4479 0.6318 0.5340 0.0485 1.0000     
EXH 0.0468 -0.01027 -0.1354 -0.1378 0.0616 -0.5796 1.0000    
PGR 0.4267 -0.3328 -0.5023 -0.4210 -0.0647 -0.1803 -0.0051 1.0000   
GCF 0.0493 0.1089 0.1967 0.1099 0.0650 0.5591 -0.1860 0.0191 1.0000  
IUP -0.0309 0.5317 0.6242 0.6477 0.3443 0.4492 -0.0428 -0.1893 0.3150 1.0000 
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4.4  Multicollinearity (VIF) Test:  

To check whether these variables are seriously collinear, we performed a Variance Inflation Factor (VIF) test 
suggested by Belsley, Kuh and Welsch (1980). The relative absence of multicollinearity is further embellished and 
buttressed with the result of the variance inflation factor (VIF) test, displayed below: 

Table 4.3: Variance Inflation Factor (VIF) 
Variable VIF 1/VIF 
PSE6 2.44 0.410283 
SSE6 6.27 0.159442 
TSE4 3.44 0.290835 
EXE 1.17 0.857328 
LER 4.84 0.206633 
EXH 1.96 0.508909 
PGR 1.47 0.680983 
GCF 1.94 0.516130 
IUP 2.40 0.416605 
Mean  VIF=2.88   

Source: Authors’ Computation 2017 
 

Mean VIF < 10: Absence of Multicollinearity 

The mean of Variance Inflation Factor (VIF) test turns out to be substantially lower than 10, implying the absence of 
multicollinearity. 

4.5 Panel Unit Root Tests 

The intention behind the unit roots test is to examine the underlying properties of the process that generate the panel 
series in this study. It should be noted that a stationary time series process is one whose probability distributions are 
stable over time when the collection of random variables in the sequence are considered and then shift that sequence 
over a period and the joint probability distribution must remain constant (Wooldridge, 2009). There is need to carry 
out a pretest to ensure that there is a stationary co integrating relationship among the variables in the process to avoid 
the problem of spurious regression analysis. Asteriou and Hall (1997) developed a procedure of combining 
information from the time series data with what obtained from the cross – section data. A panel data set is seen to be 
balanced when it has an equal number of countries (i) and time observations (t) for every variable used in the panel 
data set. 

In this study, four methods of analysis were applied to determine the stationarity and stability of the variables via the 
panel unit root tests. These include the Levin, Lin and Chu t* (LLC) method (2002); Im, Pesaran and Shin W-Stat 
(IPS) method (2002); Augmented Dickey – Fuller – Fisher (ADF-F) method (1979); and Philip Perron – Fisher (PP-
F) method.    
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Table 4.4: Summary of Panel Unit Root Tests 

       
 
Methods 

GRR PSE6 SSE6 TSE4 EXE EXH LER PGR GCF IUP 

 I(0) I(0) I(0) I(0) I(0) I(0) I(0) I(0) I(0) I(0) 

LLC -5.037 0.7286 6.478 6.1154 -.59297 -.2268 .28096 -8.3063 -0.4867 10.2176 
(0.000) (0.766) (1.00) (1.000) (.2766) (.4103) (.6106) (.0000) (.3132) (1.000) 

IPS -5.684 3.9202 10.64 7.6866 .47675 -.56100 4.9903 -3.0243 .72284 12.7134 
(0.000) (1.000) (1.00) (1.000) (0.683) (.2874) (1.000) (.0000) (.7651) (1.000) 

ADF-F 87.613 21.721 5.789 7.3478 26.061 30.327 8.2297 96.709 24.5719 0.49697 
(0.000) (0.864) (1.00) (1.0000 (0.672) (.4490) (1.000) (.0000) (.7456) (1.000) 

PP-F 226.20 11.751 4.797 10.193 33.154 53.388 17.197 285.758 41.6935 .02595 
(0.000) (0.999) (1.00) (0.999) (.3159) (.0054) (1.000) (.0000) (.0760) (1.000) 

 I(1) I(1) I(1) I(1) I(1) I(1) I(1) I(1) I(1) I(1) 
LLC -9.864 -3.644 -0.547 -0.4802 -5.173 -.79779 .46046 -6.3953 -8.6388 2.19995 

(0.000) (0.000) (0.02) (0.316) (.0000) (.2125) (.0000) (.0000) (.0000) (0.000) 
IPS -13.13 -4.696 -2.003 -3.8376 -6.8921 -7.6115 -5.6187 -6.1975 -8.6207 2.41972 

(0.000) (0.000) (0.01) (.0001) (.0000) (.0000) (.0000) (.0000) (.0000) (0.000) 
ADF-F 195.46 75.033 48.62 55.769 103.04 114.065 77.677 98.2435 128.215 14.3531 

(0.000) (0.000) (0.00) (0.000) (.0000) (.0000) (.0000) (.0000) (.0000) (0.000) 
PP-F 1975.7 117.67 123.5 144.86 406.26 332.193 239.55 147.87 547.666 22.0614 

(0.000) (0.000) (0.00) (0.000) (.0000) (.0000) (.0000) (.0000) (.0000) (0.000) 

Source: Authors’ Estimation (2017) 

Note: All the variables were found to statistically germane or significant at 1 percent level. 

The probability values are reported in parenthesis below each coefficient. 

Where; LLC = Levin, Lin and Chu t*, IPS  = Im, Pesaran and Shin W-Stat, ADF-F = Augmented Dickey – 
Fuller – Fisher, PP - F = Philip Perron – Fisher 

From the result displayed above, it shows that the t- statistic values found to be highly statistically germane when it is 
compared with the critical values for decision making in respect to the stated hypotheses as supported by the 
probability values reported in parentheses below each coefficient. The results of the unit root tests conducted revealed 
that most of the variables were significant after first differencing I (1). From the results displayed above, only 
Economic Growth Rate (GRR), a proxy for economic growth and Population Growth Rate (PGR) were stationary at 
levels I (0), meaning integration of order zero. Information and Communication Technology (ICT) captured by 
Internet Users per 100 persons (IUP) became stationary after second differencing I (2), this implies integration of 
order two. From the t – statistic (s) and the probability values above, all the applied became stationary and statistically 
significant at 1 percent levels.     

4.6  Panel Cointegration Test 

The co integration results shows a highly statistically significance and strong empirical evidence that GRR, PSE6, 
SSE6, TES4, EXE, EXH, LER, PGR, GCF and IUP have long run relationship. The variables used have long run 
equilibrium relationships and they are co integrated. The assumption of no deterministic trend was also rejected, hence, 
the variables used have deterministic trend and they can be used for predicting purpose. 

4.7 Static Panel Regression Results for all Explanatory Variables 

The static panel regression results for the overall sample of 15 countries in the West African sub-region are presented 
in table 4.5 below as follows: 

  

Variables 
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Table 4.5: Panel Estimation Results for the Overall Sample of the 15 West African Countries (Pooled 
Regression Results): Growth Rate (GRR) is a proxy for Economic Growth which is the dependent variable 

Variables   
(pooled)- Panel A 

 
(Fixed Effect)- Panel B 

 
(Random Effect)-Panel C 

CONS -0.73491 
(-0.10) 
[0.920] 

14.8672 
(0.87) 
[0.386] 

-2.47674 
(-0.28) 
[0.776] 

PSE6 -0.05568 
(-2.12)** 
[0.035] 

-0.03427 
(-0.70) 
[0.482] 

-0.06556 
(-2.15)** 
[0.032] 

SSE6 0.22203 
(3.82)* 
[0.000] 

-0.35510 
(-0.32) 
[0.753] 

0.21349 
(2.12)** 
[0.002] 

TSE4 0.21698 
(1.46)*** 

[0.146] 

-0.10460 
(-0.56) 
[0.577] 

0.08961 
(0.55) 
[0.586] 

EXE -0.00177 
(-0.02) 
[0.984] 

0.17530 
(1.26) 
[0.207] 

0.08199 
(0.79) 
[0.432] 

LER -0.22505 
(-1.59)*** 

[0.114] 

-0.51605 
(-1.38) 
[0.168] 

-0.18853 
(-1.10) 
[0.270] 

EXH 0.05808 
(0.29) 
[0.772] 

0.23664 
(0.61) 
[0.542] 

0.04264 
(0.17) 
[0.863] 

PGR 5.20823 
(9.92)* 
[0.000] 

5.34776 
(7.91)* 
[0.000] 

5.19894 
(8.89)* 
[0.000] 

GCF 0.10810 
(1.45)*** 

[0.149] 

0.12847 
(1.62)*** 

[0.107] 

0.10254 
(1.36) 
[0.175] 

IUP -0.39358 
(-2.15)** 
[0.032] 

0.03976 
(1.30) 
[0.194] 

-0.02987 
(-1.47)*** 

[0.140] 
No of Obs. N(n) 300(15) 300(15) 300(15) 

R2 0.567 0.550 0.559 
Prob > F 0.000 0.000  

Hausman Test Chi2 (9) = 89.14 (0.0000) 
F-statistics  F(14,276) = 2.95(0.0003)  

Rho  0.482 .0603 

Note: Parentheses ( ) are t/z – statistic while bracket [ ] are p-values, * is 1% level of significance, ** is 5% level 
of significance, *** is 10% level of significance , Both the fixed and random effects models are in levels.  
 

The t/Z-statistics are presented in parentheses while the probability values are presented in brackets. Considering the 
fixed and the random effects results, the Hausman test shows that the random effect is more preferable to the fixed 
effect. The basis of this choice is from the probability value of the Hausman test which is 0.000, since it is less than 
or equal to 10 percent, the random effect is preferred to the fixed effect. 
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Table 4.6: Arellano-Bond Dynamic Panel-Data Estimation Results Growth Rate (GRR) is a proxy for 
Economic Growth which is the dependent variable 

Variables One-Step Result-Panel A Two-Step Result-Panel B 
CONS 35.34535 

(1.38) 
[0.168] 

179.2276 
(0.99) 
[0.321] 

    GRRt-1 -0.1352115 
(-2.06)** 
[0.039] 

-1.048539 
(-2.70)** 
[0.007] 

   PSE6-1 0.014936 
(0.25.) 
[0.806] 

-0.5054114 
(-1.89)** 
[0.059] 

  SSE6-1 -0.96616. 
(-0.73) 
[0.467] 

0.9897954 
(1.83)*** 

[0.69] 
   TSE4-1 -0.312134 

(-1.12) 
[0.264] 

-4.154661 
(-1.58)*** 

[0.503] 
  EXEt-1 0.59828 

(0.32) 
[0.750] 

0.4816152 
(2.30)** 
[0.021] 

   LERt-1 -0.9969444 
(-1.87)** 
[0.061] 

-2.35067 
(-0.76) 
[0.445] 

   EXHt-1 0.1487541 
(0.32) 
[0.751] 

0.2593442 
(0.15) 
[0.884] 

   PGRt-1 6.818184 
(6.44)* 
[0.000] 

-3.645035 
(-0.65) 
[0.513] 

  GCFt-1 0.256467 
(2.48)** 
[0.013] 

0.4940097 
(2.18)** 
[0.029] 

   IUPt-1 0.0816244 
(2.14)** 
[0.032] 

0.3489935 
(1.76)*** 

[0.078] 
N (n)  270 (15) 270 (15) 

Sargan Test Chi2(10) = 73.89 (0.0000) Chi2(10) = 401.82 (1.0000) 

Source: Authors’ Computation (2017)  
 

Note: where Z-values are reported in parenthesis below each coefficient ( ) and the probability values are reported in 
bracket []. The variables entering the Dynamic model are in first difference. The dynamic model is based on the 
Arellano-Bond estimation procedure. The levels of significance are thus presented as: 1 percent level of significance 
(*), 5 percent level of significance (**), and 10 percent level of significance (***). From the table above, we employ 
the Arellano-Bond dynamic Panel Generalized Method of Moments (GMM) estimator to obtain more robust estimates. 
The Arellano-Bond dynamic GMM estimates are reported in table 4.8 above.  

From the two-step result in table 4.8 (Panel B), a one-period lag in growth rate (GRR) among the West African 
countries has a negative influence on the current value of GRR as revealed by the coefficient (-1.048539) .The dynamic 
lagged value of GRR is however statistically significant at 5 percent as shown by the z-statistic (-2.70) and supported 
by the probability value [0.007]. The result shows that the change in the past value of economic growth, measured by 
growth rate (GRR) would influence the current value of GRR. As the value of the change in past GRR increases, it 
will result in a decrease in the current GRR. In terms of the relative effect, the result indicates that an increase in the 
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past values of economic growth rates in West Africa by a margin of 10 percent will decrease the current growth rate 
by a margin of 2.7 percent.  

A one-period lag change in Primary School Enrolment (PSE6)-after six years of primary education with the two-step 
result indicates a negative effect on the level of growth of the West African economies as measured by growth rate 
(GRR). This is shown by the coefficient (-0.33476). The variable is statistically significant as shown by the Z-statistics 
(-1.89) and confirmed by the probability value [0.059]. Considering the dynamic model in the two-step result, raising 
the number of pupils that have obtained their primary school certificate by a margin of 10 percent will translate into a 
decrease in economic growth by a margin of 3.35 percent. We could infer from the result that as the lag value of 
persons obtaining their primary school education after six years of enrolment (PSE6) increases, the current rate of 
economic growth (GRR) of the economies in the sub-region falls.  

In the two-step result in table 4.8, we observed that a one-period lag in Secondary School Enrolment (SSE6)-after six 
years of secondary school education has no statistical significant influence on the rate of economic growth (GRR) of 
the economies in West Africa. However, there is a positive relationship between the change in the past values of 
persons who have left the secondary school education after six years of enrolment (SSE6) and economic growth (GRR) 
in the region. This is shown by the coefficient (0.9897954). The z-statistics (1.83) and the probability value [0.069] 
reveal that persons who have left the secondary school education after six years of enrolment (SSE6) is statistically 
significant to economic growth (GRR) at 5 percent level. The coefficient of SSE6 shows that an increase in past 
numbers of persons who have graduated from secondary school after six years of enrolment at that level of education 
(SSE6) will result in an increase in the current rate of economic growth (GRR) in West Africa. This is consistent with 
the findings of Mankiw, Lucas and Romer (1990) who observed that SSE is positive and statistically significant to 
economic growth. In view of the relative effect, a 10 percent increase in the number of persons graduating from 
secondary school after spending six years at that level of education (SSE6) will result in an increase in economic 
growth by a margin of 0.98 percent.  

We observed from the two-step result that a one-period lag in government expenditure on education (EXE) do have a 
positive relationship with economic growth (GRR) in the West African sub-region. The variable is equally statistically 
significant in the determination of economic growth (GRR) among the West African economies at 5 percent level. 
This is respectively revealed by the coefficient (0.4816152) and the z-statistic (2.30) and equally supported by the 
probability value [0.021]. There is a positive relationship between government expenditure on education and economic 
growth in the region. By implication, an increase in government expenditure on education (EXE) will correspondingly 
result in an increase in the growth rate (GRR) of the economies in the sub-region. In terms of the relative effect, the 
result above shows that an increase in government expenditure on education in West Africa by 10 percent will result 
in an economic growth by 5.98 percent in the sub region.  

From the two-step result in table 4.8, we noticed that one-period lag change in Internet Users per 100 Persons (IUP), 
the variable represented information and communication technology (ICT) has a positive effect on the growth rate 
(GRR) of the economies in West Africa as revealed by coefficient (0.3489935). The variable is equally statistically 
significant at 10 percent as showed by the z-statistics (1.76) and supported by the probability value [0.078]. The result 
reveals that information and communication technology (ICT) is highly critical and germane to the growth of the 
economies in West Africa. In view of the relative effect, the result indicates that an increase in ICT penetration in 
West Africa by a margin of 10 percent will increase economic growth by a margin of 3.49 percent. Since the variable 
is statistically significant, the result indicates that an increase in the level of information and communication 
technology (ICT) penetration would positively impact on the growth rate of the economies in the sub-region. Therefore 
changes in the past value of Internet Users per 100 Persons (IUP), a proxy for information and communication 
technology (ICT) would positively influence the current rate of growth (GRR) of these economies in West Africa. 
Based on the above result, the region must develop an adequate ICT roadmap that will easily fast track economic 
growth as it was done in the three dragons economies of Singapore, Indonesia and Taiwan.  

From the two-step result (Panel B) in the Arellano-Bond dynamic panel-data estimation, it shows that the Sargan test 
for over-identification restrictions is valid. The bias of the two-step GMM estimator increases with the number of 
over-identifying restrictions. The coverage probabilities of confidence intervals could be distorted and the size of the 
Sargan test may deviate from its nominal value. The two-step approaches solve the problem because the weight matrix 
estimate introduces a correlation between the moment functions and the weight matrix which creates finite sample 
bias. The two-step approaches circumvent the weight matrix estimation step and therefore solve this source of potential 
bias. Furthermore, the two-step continuous updating GMM estimator is proven to be consistent under Bekker’s (1994) 
large instruments which tend to be asymptotic which renders the one-step GMM estimator inconsistent.  
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From the dynamic panel result presented above, the two-step estimator is asymptotically efficient and robust to the 
one-step result, hence the preference for two-step result over one-step (Greene, 2003). The choice of the two-step 
result over the one-step is based on the fact that the standard errors in the two-step estimator are asymptotically 
efficient and this guarantees the efficiency of the two-step estimator in presence of whatever pattern of 
heteroscedasticity and cross-correlation of the covariance matrix.  

4.10.  Policy Implications 

From the result in the Arellano-Bond dynamic panel estimation, it was observed that the number of pupils leaving the 
primary school after enrolling for six years (PSE6) was statistically insignificant in the determination of economic 
growth in West Africa. However, with respect to its coefficient (0.014936), there is a positive relationship between 
primary school leavers who enrolled for six years and growth in the economies of the region. However, their economic 
contributions are insignificant to economic growth due to low quality of these sets of human capital. Government 
expenditure on education (EXE) was found to be positively (0.059828) related to economic growth in West Africa. 
On the basis of this therefore, governments in the region should begin to put policy measures in place towards fast-
tracking economic growth by channeling more funds into the education sector.  

Government expenditure on health care services (EXH) was found to be statistically insignificant in the determination 
of economic growth in West Africa. From the value of the coefficient (0.1487541), government expenditure on health 
care services in the region is positively related to economic growth within the period under consideration. Population 
growth rate (PGR) was statistically significant in determining economic growth in West Africa. It was also discovered 
from the coefficient (6.818184) that population growth rate had a positive relationship with economic growth in the 
region. This means that an increase in the growth rate of population in the sub region acts as a catalyst to economic 
growth in West Africa. Information and communication technology (ICT) captured by Internet Users per 100 Persons 
(IUP) as a measure of human capital development is positively related to economic growth in West Africa as indicated 
by the coefficient (0.0816244). This implies that an increase in ICT penetration in the region could promote and 
engender economic growth in the sub region. The variable is equally statistically significant to growth in the region. 
On the basis of this analysis therefore, governments in the region should begin to place emphasis on the development 
of ICT by encouraging its penetration as a way of enhancing and facilitating economic growth in West Africa.           

5.0 RECOMMENDATIONS AND CONCLUSION  

Firstly, technical education should find its expression in secondary and tertiary education. It should be quickly pointed 
out here that the success stories of South East Asian (SEA) countries of Taiwan, Singapore, Indonesia, South Korea 
and Vietnam are not unconnected to the painstaking efforts devoted to technical education. Technical education 
equally pivots economic growth in the long run.  

Secondly, it was noted that government expenditure on health care in West Africa has been at its lowest ebb during 
the period under consideration. About 6.4 percent on the average is devoted to health care expenditure in the West 
African sub region. Therefore, if productivity among individuals in the sub region is to be improved, efforts must be 
put in place towards increasing government expenditure on health. Health Insurance Strategy (HIS) has not been so 
emphasized and given the necessary impetus in the West African sub-region. Some countries like Nigeria and Ghana 
are still at the rudimentary stage of National Health Insurance Scheme (NHIS). If properly developed and embraced 
by both the public and private sectors with firm legislative and legal framework, it will go a long way to improve the 
level of health care in the sub region, thereby translating to improved economic growth and productivity.  

Finally, Information and Communication Technology (ICT) captured by Internet Users per 100 Persons (IUP) was 
statistically significant in the determination of economic growth in West Africa. On the basis of this therefore, there 
should be accelerated investment in the development of ICT as it will easily fast track economic growth in the sub 
region. The basis for development and growth of South East Asian (SEA) countries was their painstaking investment 
in information and communication technology. 
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