
 

1 

 

P
ag

e1
 

SCHOOLING EXTERNALITIES IN URBAN NIGERIA: THE SOCIAL INTERACTIVE 

SOURCES 

MUSILIU ADEOLU ADEWOLE*
1
 

DEPARTMENT OF ECONOMICS  

SCHOOL OF SOCIAL SCIENCES 

COLLEGE OF DEVELOPMENT STUDIES 

COVENANT UNIVERSITY. 

A Paper Submitted to the 2011 Global Development Network Conference on Urban 

Development, June 16-18, 2012, Budapest, Hungary. 

(Theme 1: The Interactive Economy and Urban Development Category) 

 

Abstract  

 

 

Key Words: Schooling, externalities,, OLS,  IV 

 

 

 

                                                            
1 gold_soad@yahoo.com or ade.adewole@covenantuniversity.edu.ng 

mailto:gold_soad@yahoo.com
mailto:ade.adewole@covenantuniversity.edu.ng


 

2 

 

P
ag

e2
 

 

Introduction 

A large number of studies has shown that significant private benefit exist in schooling investment 

(Psacharopoulos and Patrinos, 2004). In Nigeria, a few studies have also shown that education could 

generate modest or large private benefits (Aromolaran, 2006: Oyelere, 2010). Aside this, the 

theoretical and empirical literature has made a case for significant educational externalities.  However, 

a good number of the studies using microdata to investigate human capital externalities have been 

limited to developed countries, neglecting many Sub-Saharan African countries2.   

In this paper, we investigate the presence of schooling externalities in the urban sector of Nigeria and 

the interactions that produce these externalities. This is probably the first study of its kind in Nigeria 

using microdata to study the external effects of schooling at various levels of education. Previous 

studies on other countries using microdata have produced controversial results, with Acemoglu and 

Angrist (2000) finding no evidence of human capital externalities for secondary school education 

while Morreti (2004) does report modest human capital externalities for higher education. Rauch 

(1994) reports modest level of human capital externalities3. While the OLS method of Rauch (1994) 

failed to resolve the identification problem, the use of instrumental variable technique by Acemoglu 

and Angrist (2000) and Morreti (2004) represent important improvement in estimation strategies.  

However, the last two studies could not provide convincing evidence of instrument exogeneity. Thus, 

it is possible that their instrument cannot stand the test of validity, and their results are bias in the 

same direction as OLS.  This study exploits the recent advancement in the econometrics of exclusion 

restriction to provide evidence for the exogeneity of main and complementary instruments. Closely 

associated with the failure to show that instrument pass exclusion restriction test is the problem of 

omitted variable bias. When Altonji, Taber and Elder (2005a) revisited studies which use IV as 

identification strategy in determining on the impact of Catholic School attendance on selected 

outcomes, they prove that omitted variables have introduced significant bias into the results. Thus, the 

results of these studies are unreliable. Studies based on microdata, even when they produce evidence 

of human capital externalities, could not identify the source(s) of these externalities. This study draws 

on the insight of a large number of disparage but related studies that investigate urban educational 

externalities at the city or Metropolitan Statistical Areas (MSAs) level which has investigated the 

interaction channels that produce externalities.  

While OLS technique is used as a baseline econometric method for estimating schooling externalities 

in urban Nigeria, IV econometric method is used as an additional strategy to resolve the identification 

problems associated with this kind of study. Our IV approach exploits the large-scale incentives of 

private individuals to invest in schooling due to location in low-latitude Nigeria. Living in low-

latitude Nigeria makes schooling investment much more profitable because enormous economic 

activities take place in these locations. For instance, the Kalabari chiefs, who sent their children to 

missionary schools in low latitude regions, were never interested in religious teachings. Rather they 

were interested in their children acquiring skills needed to gauge palm-oil and learning the business 

methods of the west (Dike, 1956). 

                                                            
2 Important exceptions include Kimenyi, Mwabu and Manda (2006) study of educational externalities in Kenya 

Weir and Knight (2006) production externalities of education in rural Ethiopia and Michael and Vencatachellum 

(2003) on South Africa. 
3 Comprehensive review of theoretical and empirical literature has been omitted because of space limitation. 
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With IV method, we corrected for downward bias in our OLS estimates due to measurement error 

associated with schooling. Our IV strategy allows us to show that significant schooling externalities is 

not as a result of spurious correlation between average schooling in each urban community and 

economic wellbeing. The identification strategy of Altonji, Elder and Taber (2005b) allows us 

determine the extent to which unobserved variables in the error term might introduce bias into our 

estimates of schooling externalities. This is particularly important because urban amenities, 

unreported in the data, might be driving our results. By controlling for a wide range of relevant 

variables, and determining the extent to which unobserved variables might be responsible for 

observed outcome, we establish that significant schooling externalities exist. Introducing state fixed 

effects and cohorts fixed effects leave our results essentially unaltered. Reverse causation from 

economic wellbeing to LGA average schooling attainment is also ruled out. 

Furthermore, we address concerns about the strength and validity of our instrument. The first stage 

results for all IV regressions show F-Statistic far above the benchmark of 10 given by Stock and Yogo 

(1997). To address concerns about instrument validity, we adopt a variety of approaches. We 

implement falsification tests which involve the random allocation of the latitude values and their 

incorporation into the DHS datasets of three selected Sub-Saharan countries. If that is the case, our 

instrument for the Nigerian study should be uncorrelated with economic wellbeing of Demographic 

and Health Survey (DHS) respondents of these countries. If it is, our instrument might not be valid 

after all. As it turns out, our instrument is uncorrelated with welfare outcomes in these other African 

countries.  

We address the possibility that selective migration, even within states of the federation, might undo 

estimates of schooling externalities obtained in this study. However, selective migration while 

important did not undo the statistical significance of externality estimates. Correcting for the 

endogeneity of individual schooling attainment has barely any effect on schooling externality 

estimates (Acemoglu and Angrist, 2000: Duflo, 2004).  When we added other instruments in order to 

perform over-identification test, we fail to reject the null hypothesis that imply our instruments are 

valid. Since it is highly unlikely that perfect orthogonality exist between our instruments and the error 

term, we estimate the extent to which the violation of the exclusion restriction condition might 

undermine confidence in estimates of schooling externality. This is a useful check on the results of 

over-identification, which in some cases may not yield reliable results. Results show that the degree of 

violation is not significant enough to make our IV estimates implausible.  

Finally, we test interaction channels responsible for these observed schooling externalities. It is 

pertinent to note at this point in time that the urban areas provide the pool of skills and the interaction 

mechanisms for generating human capital externalities. In this study, we draw on the insight of 

externality literature which uses city or Metropolitan Statistical Areas (MSAs) as unit of analysis to 

investigate important interaction channels of schooling externality in Nigeria. The potential 

externality channels include LGA population density, the number of primary schools in each LGA per 

square kilometre in 1940 and the number of secondary schools in each LGA per square kilometre in 

1980, the extent of exposure or isolation of educationally disadvantaged ethnic group from the more 

skilled group, and LGA distance to state capital where the pool of human capital converge. All 

variables of interactions are significant, and their inclusion reduces the IV estimates of externalities. 

The mere fact that schooling externality is significant after controlling for intervening factors suggest 

there are other causal channels for externality.  

The remainder of this paper is organized as follows. Section two undertakes a review of theoretical 

and empirical literature, with empirical drawing on studies at country/cross-country, city and 

individual levels. In section three, we provide the theoretical framework underpinning the study and 

description of our data. Econometric model adapted from the theory presented in section three is 

discussed with results of OLS and IV estimations. In section five, we present results of tests 

implemented to boost confidence in our various estimates of schooling externalities. We try 

uncovering the sources of schooling externalities in section six while section seven summarises the 

study and draws necessary conclusions. 
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2.0 Theories & Empirics of Human Capital Externalities 

2.0.1 Human Capital Externalities: The Theories 

The idea that human capital investment can generate considerable external benefits has long history in 

the work of Marshall (1961). Productivity boost occurs as a result of rising geographical concentration 

of specialized inputs and firms that make use of them. Modern version of this human capital 

externality theory has been developed by Acemoglu (1996, 1997). In the Acemoglu model, firms only 

invest in new technologies when there is ample supply of trained workers to match the new 

technologies and replace workers who will quit the firms.  

Human capital externality is at the heart of endogenous growth theories. In this set of models 

developed by Romer (1990) and Lucas (1988), human capital could spur aggregate growth through 

externalities in human capital formation in innovation or in production. Long run growth in the 

endogenous growth model is driven and sustained by the accumulation of human capital by forward 

looking, profit maximizing economic agent. Externality in the endogenous model of growth arises 

from the spillovers generated from one firm to the next. The creation of new technology or knowledge 

by one firm can be shared by other firms. This is because knowledge can neither be perfectly parented 

on nor kept secret. Even where other inputs are held constant, knowledge in the production process 

may exhibit increasing marginal product. 

The argument that higher education or human capital attainment leads to a more democratic polity has 

been formalized in a model by Glaeser, Ponzetto and Shleifer (2007). In the model human capital 

boost democracy by raising the benefits or lowering the costs of political activity. A number of 

reasons were offered why human capital and democracy might be positively correlated and why the 

direction of causation might flow from education to democracy. Education as a socialization 

mechanism lowers the costs of social interaction, allowing people to interact successfully and 

productively with each other. Educated people are better able to exchange information. Benefits of 

collective action can be more readily communicated among the educated who understand what is to 

be done and why it is to be implemented. Education enhances the benefits from social interaction 

because it encourages seamless information exchange. Schooling encourages productive and 

informative discussion among learners, making it less likely that discussion will degenerate into a 

quarrel.  

One thing to take away from the brief discussion of theories of human capital externalities is that they 

arise from one form of social interaction or another. The unit of interaction could be a specific 

geographic locality (Glaeser et al 1992, Jaffe, Trajtenberg and Henderson, 1993), at the sub-national 

such as the state (Acemoglu and Angrist, 2000) or in immediate neighbourhoods (Borjas, 1995) or 

could be nationwide or between countries as implied in Lucas (1988). For our own study, the relevant 

unit is a small geographic locality otherwise called the Local Government Area (LGA). According to 

Rouse (2000), the metropolitan area, which is the equivalent of the LGA in our study, is conceptually 

the more appropriate geographic unit, since it is closer to the level at which workers can meet and 

exchange ideas regularly..  

At the microeconomics level, knowledge grows and diffuses through a variety of formal and informal 

interaction. In one ingenious model by Jovanovic and Rob (1989), the human capital of individuals is 

augmented through pairwise meetings which result in exchange of ideas. The probability that an 

economic agent will meet another randomly chosen agent for exchange of ideas is dependent on the 

number of agents with reasonable level of education within a geographic unit of interaction and the 

average level of human capital of these other agents. The argument from Lucas model, even with it 

application to wider geographic unit such as a country, is that the appropriate unit of interaction is the 

city when looking for the productivity enhancing effects of human capital abundance (Rauch, 1993). 

 



 

5 

 

P
ag

e5
 

3.0 THEORETICAL FRAMEWORK AND METHODOLOGY 

3.1 Schooling Externality: Theoretical Framework 

The theory presented in this section links human capital, or more specifically schooling capital, to 

economic growth or social welfare. It is the formalization of Solow’s growth theory with important 

modifications and extensions by pioneers of human capital literature (Schultz, 1963; Becker, 1964) 

and endogenous growth theorists such as Romer (1990) and Lucas (1988). More specifically, we 

follow the formalization of Lange and Topel (2006). 

Solow’s model accommodates the fact that countries have experienced long term sustainable 

economic growth while poor and rich countries have had remarkable stability in capital/output ratio. 

In Solow’s model, labour-augmented technical change generates sustained growth under diminishing 

marginal returns to physical capital. If we assume labour force growth is zero with constant returns to 

capital and labour, a Cobb-Douglas equation shown below captures the insight of Solow’s model 

1( )

ln

t t t

s
jt j jt jt jt

S P E

Y K uH

k X B a

B B B

y

 





 

      

 

1( , )t ttY K A L                                       (1) 

Symbol tA  represents the extent of labour-augmenting technical progress, tK  is capital stock and 

L is the size of the labour force. tA experiences exogenous growth rates at log( ) /ˆ tt d A dta  . If both 

sides of equation 1 are divided by the size of the labour force L , we get equation 2 as  

ˆ (1 ) ˆt ty k a                                 (2)                 

Where ŷ and tk represent output per worker and capital per worker respectively. In this model, 

capital output ratio is unchanging in the steady state when the savings rate is constant. One important 

interpretation of â  is to regard it as growth in human capital. While Schultz (1963) provides one of 

the first interpretation of this Solow’s residual, the model that shows this relationship in a precise 

form came from Lucas (1988). In Lucas model, tA  is defined as average stock of human capital per 

worker. This implies that H AL . Human capital is an input human capital production function. This 

implies part of human capital is set aside to produce human capital for the future.  

1( )t t tY K uH                                   (3a) 

(1 )t t
dH

BH u H
dt

                             (3b)    

In equation (3b), (1 )u is the proportion of time set aside for the production of new human capital. To 

acquire human capital, enormous time is set aside to get involved in schooling, on-the-job training and 

learning-by-doing and other forms of skill acquisition. While education or other forms of human 

capital provide their own benefits, the model emphasizes the social benefits of human capital 

investment. The channel of social externalities is through interactions outside the firms that allow one 

human capital to become more productive the greater the number of skilled persons in the population. 
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The reduced form of Lucas model shown in (3b) captures the fact that a firm’s output is partly a 

function of its workers human capital endowment, and partly a function of the average human capital 

endowment of the total economy. Therefore, we have the private benefits of human capital as well as 

the social benefits.   Massive public sector investment in human capital is often predicated on the 

existence of considerable human capital. The empirical literature, using either micro or macro data, 

remain highly controversial. We present the modifications and extension of Lucas’ model by Lange 

and Topel (2006) to illustrate the private and social benefits of human capital, specifically human 

capital acquired through the schooling process.  

Thus, a human capital equation is H hL , h representing human capital per worker. We can now 

represent Cobb-Douglas production function of output per worker in country j as  

ln (1 )ln (1 )lnjt j jt j j jtk hjt Ay                                (4) 

If capital-output ratio is assumed to be constant, thenln lnjt jty k kj  . Incorporating this into 

equation 4 yields 

ln lnln jt jtjt j h Ay k    

where 
1

j
kj

j
jk 


  and is country or region specific constant. As revealed by equation 5, the 

growth of output per worker is a function of both human capital h  and labour-augmenting technical 

knowledge, A. 

At the individual level, and in conformity with Mincer popular human capital earning function, the 

human capital of person i   in country j at period t is shown below as 

     ( )ln ijt ijt ijt ijt jtUijt UijtX B X B X X Bh   
     

                  jtX B ijtz                                                                 (6) 

Where X is a combination of factors such as schooling and experience that build human capital, and 

jtX is the average of X in country or region j at time t. B
coefficients indicate the private returns to a 

year of education or human capital investment. If equation 6 is aggregated across the country or 

region over the entire labour force, we have 

ln exp( )ln ijt ijtjtX Bh z                                                       (7a) 

             jtX B jt                                                                      (7b) 

In the aggregate model represented by equation 7b,  jt  depends on the distribution of human 

capital in the labour force. Given that ijz measures the deviation of individual human capital 

endowment from the nationwide mean, and  is convex in z, a mean-preserving spread of the 

distribution of human capital increase  ,and by extension, ln. h.  

If Lucas’ model is brought in here, we have  

ln E
jt jt jtA X B a                                                              (8) 
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Indicating that greater levels of human capital endowment increases total factor productivity. 
EB is 

our measure of human capital externalities or social benefits of schooling capital. If both equations 7 

and 8 are inserted into equation 5, we get  

ln s
jt j jt jt jtk X B ay                                         (9) 

where 
S P EB B B   is the total return to human capital investment in a worker. It is a 

combination of individual benefit (
PB ) and external benefits (

EB ). The central issue in empirical 

studies is whether external or social benefits exceed private benefits. If it does, then  
EB  will be 

positive, otherwise it will be negative. Using micro-data from 2008 NDHS, we attempt to provide an 

answer to this important question. Our econometric model is an augmented version of equation 9, 

which apart from incorporating variables measuring human capital externalities for different levels of 

education has also added a vector of control variables to mitigate the potential bias from omitted 

variables as well as variables indicating how externalities are generated. 

3.2 Descriptive Analysis of Data 

The 2008 NDHS is the fourth national sample survey of its type designed to make information 

available on background characteristics of the respondents; fertility levels; nuptiality; sexual activity; 

fertility preferences; awareness and the use of family planning methods; breastfeeding practices; 

nutritional status of mothers and young children; early childhood mortality and maternal mortality; 

maternal and child health; and awareness and behaviour regarding HIV/AIDS and other sexually 

transmitted infections.  

 

The target groups were women age 15-49 years and men age 15-59 years in randomly selected 

households across Nigeria. Information about children age 0-5 years was also collected, including 

weight and height. For this study, we use the household data which collected information from 

156,809 respondents’ age 0-96 years. To a limited extent, we use data from the 2008 Nigerian School 

Census Survey. The census data contain the names of all public and private nursery/primary and 

secondary schools in the country. Alongside other relevant information, the year of school 

establishment is equally listed. Information from this survey is used to determine the extent to which 

human capital produced by these schools created externalities through social interactions.   

 

 



 

8 

 

P
ag

e8
 

 

While 2008 NDHS data combination of information on personnel, household and community level 

variables, it does not have information on the income of individuals included in the sample. Instead, a 

wealth index, a proxy for long term standard of living is computed for individuals and households 

included in the sample. The table below gives brief description.   

4.0 The Econometric Model 

4.1 Estimation Strategy for Schooling Externalities 

Hypothesis is meant to establish the fact that schooling investment does not have significant medium 

impacts on social well-being. The baseline econometric model 10 will be used to derive estimate of 

external returns.  
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1 2ln
LGA

E
jt j jt jt jtk X B Y Z ay                        (10) 

This is measured mainly by the impact of average years of education within a specified LGA on 

individual wealth index ( ijrS )4. ln jty  is the natural logarithm of individual wealth index. iZ  is a 

vector of control variables which sex, marital status, migrant status dummy, English Speaking 

dummy, ethnic identity dummies, LGA pre-1976 primary school enrolment rates, logarithm of the 1 

plus the number of dams per state, which were establish during the UPE implementation period, state 

fixed effects dummies, cohort fixed effect dummies and all interaction variables previously 

mentioned.  As in most models of this kind, we add variables for age and the square of age.. 

The estimation of this hypothesis will allow us to determinate of the medium term impact of 

schooling investment realised through interactions5. The coefficients of average years of education 

(
EB ) are to be interpreted as medium term impact of schooling on individual wealth status.  

To determine more precise estimates of the degree of externality at each level of schooling, three 

variables for years of schooling for each locality and at each level of education is introduced into 

equations 10. Where
LGA

pjtX , 
LGA

sjtX and 
LGA

tjtX  are variables measuring human capital externalities 

from primary, secondary and tertiary schooling investment. This approach allows us to overcome non-

linearity in the schooling-wealth status relationship. Schooling externality will be determined for male 

and female.  

  

1 2ln
LGA LGA LGA

p p s s t t
E E E

jt j jt jt jt jt jtk X B X B X B Y Z ay                (10) 

Both OLS and IV methods are used to estimate the model above. OLS estimation of the model 

produces biased estimates of human capital externalities because of omitted variables, measurement 

error and endogeneity. To overcome this set of problems, we apply the IV technique (Card, 1999). To 

implement the IV strategy, we state below equation 10, the first stage of our two-stage estimation 

process.  

  

4.2      OLS Results 

To obtain useful and precise estimates from the specified models, both ordinary least square (OLS) 

and instrumental variable (IV) techniques are applied. The IV technique is used to complement OLS 

because it is widely known that OLS gives biased estimates because of omitted variable bias, 

endogeneity problem and measurement error. These problems do not necessarily invalidate the OLS 

techniques as some of the biases offset each other so that the eventual magnitude of bias might be 

small (Aromolaran, 2006). For instance, ability bias tends to have an upward bias on the schooling 

coefficient while the problem of measurement error pushes the bias toward zero (Griliches, 1977). 

                                                            
4 This is the average years of schooling we intend to estimate for the district. To derive the instrument, we just average 

length of exposure along defined districts. The logic of this is that the actual average schooling attainment of any district 

should be highly correlated to the extent different age cohorts benefitted from UPE. A district with a large number of UPE 

non-beneficiaries should have lower average schooling attainment compared to a district with a disproportionately large 

number of beneficiaries. 
5 The external benefits considered include only monetary benefits which can be evaluated. Thus, a range of non-monetary 

benefits are excluded :crime reduction, support for democratic culture, informed voting choices, reduced fertility, low child 

mortality,  low maternal mortality , better health status etc. The following two hypotheses will test non-pecuniary external 

returns to schooling investment.   
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This probably accounts for why both OLS and IV estimation of Mincerian model have not been 

significantly different from each other.  

 

  
While concerned about schooling externalities, we report estimates of private returns to schooling 

alongside estimates of schooling externalities. The total returns to schooling, a combination of private 

and externality returns to schooling, are also reported. In model 1, we regress dependent variable 

wealth status on LGA average years of schooling, age, age-squared, sex dummy and four ethnic 

dummies. Model 2 include all variables in model 1 plus English-speaking dummy, assigning 1 to 

those who speak English and zero to others. In model 3, state fixed effects are introduced to capture 

time-invariant factors that affect schooling in the states of the federation. In model 4, we add cohorts 

fixed effects to pick up the differential effects of policies that affect schooling attainment. In model 5, 

household size and household size squared because larger households could acquire higher assets, and 
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beyond a particular threshold it could reduce assets because of the diversion of household resources 

into consumption.  

For regressions without control for individual years of schooling, the total returns to schooling 

ranging from 9.82 percent in model 1 to 7.84 in model 5 for average years of schooling. For LGA 

average years of primary schooling, total returns to range from 20.34 percent to 18.32 percent. For 

LGA average years of secondary education, total returns have upper limit of 22.3 percent and a lower 

limit of 15.86. Total returns to LGA average years of tertiary schooling range from 14.82 percent to 

37.19 percent. Thus, total returns appear to increase with levels of education. Because total return is a 

combination of private and external returns, it is difficult to disentangle why the returns are 

reasonably high, particularly at higher levels of education.  

Table 2.0 reports returns that show the both private and external returns to schooling. Private returns 

to schooling are apparently not more than 3 percent for all levels, with a lower limit of 2 percent. It 

would appear that OLS regressions that estimate private returns to schooling without controlling for 

average schooling attainment will produce exaggerated estimates. For instance, Aromolaran (2006) 

reports considerably high levels of returns to post-secondary schooling, in the neighbourhood of 13-

15 percent. Thus, a considerably fraction of private returns could actually be due to external returns. 

Schooling externalities report lower estimate of 5.99 percent for average years of schooling, 14.42 

percent for average years of primary schooling, 12.28 percent for average secondary schooling, and 

10.04 percent for years of tertiary schooling. Schooling externalities account for a third of the 

estimates of total returns to schooling. While the present emphasis on primary education is not 

misplaced, post-secondary schooling should also be given a pride of place. The general impression is 

that schooling externalities are reasonably high enough to warrant public sector intervention and 

funding. What is difficult to say at this point is whether we can infer causal relationship between LGA 

average years of schooling and wealth status. Omitted variable bias, reverse causality and 

measurement error of schooling variables are potential sources of bias. 

The rate of urbanisation and urban development vary within the states of the federation. Though the 

degree of urbanisation had remained comparatively the same across the major regions of the country 

prior to the early nineteenth century (Mabogunje, 1965), divergence started to occur not long after 

(Bascom, 1955). Currently, the South-West is the most urbanised, and Lagos is far ahead of cities. 

 

For nearly four decades, Abuja, the current Federal Capital Territory (F.C.T) has been experiencing 

rapid urbanisation, probably at the same pace as Lagos. Therefore, our estimates could be 

significantly influenced by observations from these places. To sure this is not the case, we ran OLS 

regressions, first without Lagos, then Abuja, then South-west and then South-West and Abuja. Table 

2.0 reproduces the results from omitting observations from these locations. Schooling externalities are 

still considerable for average years of schooling and average years of primary, secondary and tertiary 

education when observations from these places are excluded. 
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4.3      Omitted Variable  Bias (OLS) 

 

OLS technique is inappropriate when the sample from which population parameters are to be 

estimated is non-randomly generated. This is called sample selection bias due to self-selection of 

individuals or data units under examination or sample selection by the researchers or those processing 

the data (Heckman, 1979). 

Our OLS estimation of schooling externalities may have been exaggerated by omission of one or 

more relevant variables. For instance, individual level of initiative or competence may affect labour 

market performance. Since this important variable is not accounted for in our data for this study nor is 

any alternative proxy available, estimates of variable measuring schooling externalities might be 

overstated. This is more likely because the variable used was constructed by averaging one schooling 

of individuals age 25-64 on LGA basis. If skilled individuals are more likely to congregate on a 

particular LGA rather than another, schooling externalities might be minimal or may not be 

significantly different from zero (Ludwig et al, 2008). 

 

Lam and Schoeni (1993) has suggested that omitted variable bias might be much more serious in 

LDCs than developed countries because liquidity constraints and family background are more likely 

to affect educational attainment and wealth. When Hertz (2003) corrected for upward bias due to 

omitted variables, returns to schooling dropped dramatically to about 5 to 6 percent from about 11 to 

13 percent. Glewwe (1996) also provided evidence in support of upward bias due to omitted variables. 

When he introduced cognitive lest scores as proxy for ability into his econometric model, returns to 

schooling declined from 7 to 4 percent. When Bigsten et al (2000) accounted for parental background 

in their model, returns to schooling dropped by 20 percent. Blackburn and Neumark (1995) OLS 

estimates of return to schooling report upward biased of nearly 40 percent when proxy variable ability 

was added to the model6.  

 

To get around the problem of bias due to omitted variables we adopt the strategy of Altonji, Elder and 

Taber (2005). The strategy is to see how the coefficient of schooling variable changes as more and 

more control variables is added to the model. If the added control variable significantly reduce the 

coefficient of schooling variable then it is likely that unobserved omitted variable might bias our 

estimates. If the impact is minimal or insignificant, we can be sure that unobserved variables are not 

biasing our estimates. The Altonji et al (2005) paper provides a formula that allows us to derive a ratio 
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of the influence of omitted variables relative to the observed control variables that will be required to 

fully explain away the estimates of schooling externalities obtained in our OLS specifications. To 

execute their strategy, we select models 1 and 2 for restricted OLS regressions and models 5 and 6 for 

full OLS regressions. The estimates of schooling externalities in both restricted and full regressions 

are used to calculate the Altonji’s ratio, whose formula is given as / ( )F R FB B B . 
FB  is the 

coefficient of schooling externalities in full regressions and 
RB  is the coefficients in restricted OLS 

regressions. Results are presented in table 4.0. If omitted variables are biasing our results, Altonji’s 

ratio should be at least 1.02 times greater than selection on observables or at most 28 times greater 

than selection on observables. Evidence from table 4.0 does not support the fact that observed 

variables have impact on outcomes. We must note that our results are less convincing for higher levels 

of education but nevertheless within acceptable range. 

 

 
4.4 Instrumental-Variable Results 

Evidence from estimation indicates that omitted variable bias could not be biasing OLS estimates. 

However, reverse causality and measurement error problems remain. If the conditions under which 

Altonji’s et al strategy can be applied to omitted variables problem are not fulfilled, IV technique will 

be an additional check on the results obtained applying the Altonji’s strategy. The IV technique is 

very useful in estimating causal relationships when measurement error, omitted variable bias and 

endogeneity would not permit the establishment of the direction of causality in economic 

relationships.  

As stated previously, our IV approach exploits the large-scale incentives of private individuals to 

invest in schooling due to location in low-latitude Nigeria. Schooling investment becomes much more 

profitable because enormous economic activities take place in these locations. Large-scale trade, 

particularly transatlantic trade, became more rewarding when schooling opportunities were made 

available by early missionaries. Trans-Sahara trade, which high-latitude northern Nigeria had been 

involved in 600 years before the missionaries came to Nigeria (Fafunwa, 1974), did not require formal 

western education to increase payoffs to participants. The factor of latitude, among other things, 

influenced early missionaries’ choice of locations, and consequently where they established schools 

and training centres. 

IV estimates of total returns to schooling for average years of schooling has lower limit of 3.87 

percent (model 2) and upper limit of 11.03 percent for model 5. Curiously, IV estimates increased as 

more variables are added, rising from an initial 6.55 percent in model 1 to 11.03 percent in model 5. 

In this case, omitted variables push IV estimates toward zero. This implies that the coefficients of 

variables added later on are negative and the correlation of these variables with average years of 

schooling is positive (Wooldridge, 2002). 
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To get an idea of schooling externalities at all levels of education and for average schooling 

attainment of urban residents, we introduce individual years of schooling, and as the case may be 

relevant, years of primary, years of secondary schooling and years of tertiary schooling. For average 

years of schooling indicator, externality estimates are in the range of 3.69-9 percent. The pattern is the 

same as total returns to schooling, as the IV estimates increase as more variables are included in the 

model (table 5.0).  IV estimates of private benefit of schooling decreased as more variables are 
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incorporated into the model though the drop is barely significant. It is obvious that about four-fifth of 

the total returns to schooling is actually due to schooling externalities. Schooling externality is 9.0 

percent and 2.67 percent for private returns when IV model is implemented with full set of relevant 

variables. 

Total returns from primary schooling range from 6.34-17.27 percent, increasing with each extra 

variable brought into the model. Incorporating years of primary schooling in order to disentangle the 

total returns IV estimates into private and external components reveal sufficiently large externalities. 

A year of primary schooling yields lower estimate of 2.67 and upper estimate of 7.29 percent. Primary 

school externality estimates fall between 1.44 percent (model 2 of table 3.0) and 13.08. For full set of 

covariates, reported private return is 2.67 percent and schooling externality is 9.0 percent. This is 

approximately the same as results for average years of schooling. 

Total return to secondary schooling is significantly higher than those reported for average years of 

schooling and average years of primary schooling. The lowest is 10.68 percent and the highest 34.58 

percent. The pattern is the same as before, with estimates rising as more variables are added into the 

econometric model.  Schooling externalities for secondary education is considerably higher those 

previously reported, including OLS schooling externality estimates for secondary schooling. It is 

about 7.71 percent for model 2 Panel C, rising rapidly to 31.63 percent in model 5. For secondary 

education, schooling externalities constitute a disproportionately large fraction of total returns (91 

percent) to schooling. 

For tertiary education, we obtained implausible high estimates for schooling externalities, ranging 

from 99.54 to about 260 percent total returns to schooling. The estimates of schooling externalities 

due to tertiary education start from 102 percent to about 276 percent. However, these estimates are all 

statistically insignificant because their standard errors are large. While estimates of schooling 

externalities at lower levels of education are more precisely estimated, they are nevertheless not as 

efficient as OLS estimates.  

Against a prior expectation, a year of tertiary education decreases individual returns to schooling, 

though the estimates are economically and statistically insignificant. Because the first-stage F-

Statistics are generally less than the benchmark of 10 suggested by Staiger and Yogo (1997), it turns 

out that our instrument is weak. It is therefore difficult to trust in our IV estimates for tertiary 

schooling externalities because weak instrument push IV estimates in the same direction as biased 

OLS estimates. To overcome this, we re-estimate each of the models in Panel D (1-5) using the 

maximum likelihood method to generate consistent and unbiased estimates in the presence of weak 

instrument (Moreira, 2003). Results are reported in the table below 6.0. Schooling externalities are 

fundamentally different from IV estimates. 

In all our IV regressions, the adjusted R-Squared drop as we move from move model 1 to 2. This 

suggests that the English-speaking dummy variable introduced in the model might not be relevant at 

all. Including irrelevant variables in a model do not affect the unbiasedness of the OLS estimators, but 

nevertheless have undesirable effects on the variances of the OLS estimators (Wooldridge, 2002). For 

this reason, we rerun all IV regressions for model 5 without English-speaking dummy variable. This is 

reported in table 5.0b below. The estimates do not change much. Subsequent regressions will also be 

implemented with the English-speaking dummy variable. This is because dropping this variable does 

not improve the precision of our IV. 

Finally, we add a variable measuring the number of dams and water supply facilities available at the 

LGA level (table 5.0c). The spatial concentration of these facilities could partly account for the 

observed outcomes. For each of the IV regressions estimating schooling externalities for LGA 

average years of schooling, LGA average years of primary schooling, LGA average years of 

secondary schooling and LGA average years of tertiary schooling, we add this variable. To save 

space, we report IV estimates for schooling externalities. To eliminate the skewness of this variable, 

we use the natural logarithm of the number of dams and water supply facilities in each LGA. From the 
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results shown in the table below, previous IV estimates of schooling externalities are not significantly 

affected by the inclusion of this variable. In comparison with OLS estimates, IV estimates are 

modestly higher for average years of schooling but considerable higher for the three levels of 

education. 
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4.5 Endogenous individual schooling variable  

 

While we must have resolved some issues associated with average schooling years of respondents per 

LGA, the same cannot be said for individual schooling. Except we are interested in total returns to 

schooling , which is a summation of private  and external returned to schooling , IV estimates of 

schooling externalities are bias by the presence of endogenous individual years of schooling  

(Acemoglu and Angrist, 2000: Duflo, 2004). 

 

The good news is that IV strategy can be useful where good instruments can be found for both 

individual schooling and average schooling attainments .in that case consistent estimates of external 

returns can be determined. 

 

In the case of Acemoglu and Angrist (2000), quarter of birth is used to instrument individual 

schooling attainment while a set of dummies generated from compulsory schooling and child labour 

laws are used to instrument average schooling attainment. In this study, we use year at birth, and 

average schooling attainments for household members who are 25 years and above and most likely 

would have completed formal schooling to instrument for individual schooling. Using year at birth 

captures schooling availability over time. The intuition behind the use of this instrument is that the 

rapid expansion of primary school in post independence Nigeria benefited younger relative to older 

cohorts. Physical access measured in terms of distances from home to school, has reduced 

dramatically in the 55 years in Nigeria. It is also noteworthy that the social and cultural barriers 

against girls schooling may have reduced drastically in many parts of the country. Thus, younger 

females are likely to be better educated now than older (Osili 2008). This ensures that our IV 

estimates of schooling externalities are not biased by the failure to account for the endogeneity of 

individual schooling variable. Evidence in the table 7.0 shows that externalities for the three levels of 

education are not biased by endogenous individual schooling attainment. 
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5.0 Exclusion Restriction Tests 

 

Our IV regressions have produced evidence in favour of human capital externalities, using either LGA 

average schooling or LGA average years of primary, secondary and tertiary schooling. However, 

estimates measuring human capital externalities are reliable to the extent that the latitude, upon which 

the instrument is constructed, is not influenced by several factors correlated with the instrument or 

factors that have independent effect on outcome variables. For instance, the introduction of universal 

primary education (UPE) prior to independence in low-latitude regions and later nationwide in 1976 is 

not unconnected with the scale of economic activities generated in these regions. According to Rouse 

(2000), a key question for identification is why and how state changes their compulsory schooling 

laws.  In other words, is the introduction and termination of 1976 UPE programme influenced by the 

state of the spatial economy. Drawing from Rouse (2000), times of economic prosperity might prompt 

wealthier residents in low-latitude, through income effects, to demand UPE programme or firms that 

benefit from investment in human capital to demand for programme that promotes investment in 

human capital.  

If upswing in economic activities is a major factor influencing UPE introduction in low-latitude 

Nigeria, then IV estimates of human capital externalities will suffer from upward bias. If the downturn 

in the economy which leads to the termination of UPE also creates disincentive for investment in 

schooling by people in low-latitude, then IV estimates are likely to be biased downward. The balance 

of these two forces will determine the direction of bias. The introduction and termination of 1976 

UPE programme is difficult to divorce from the state of the Nigerian economy and this is correlated 

with the latitude instrument.  Therefore, a number of exclusion restriction tests will be implemented to 

be sure our instrument is valid. 

5.1 Falsification Tests  



 

20 

 

P
ag

e2
0

 

If our instrument is valid, there should be a strong and positive relationship between latitude 

instrument and economic well being. The first column in table 8.0 shows that the kind of relationship 

we would expect to find between latitude instrument and economic well being indicator; wealth 

status. It is statistically significant even at 1 percent. This approach is in line with the technique 

suggested by Murray (2006) as a way of verifying instrument validity. 

As useful as this approach might be, it is still very likely that we were just lucky in getting an 

instrument that happens to be highly correlated with wealth status. In re-investigating the Angrist and 

Krueger (1991) claim that the causal impact of schooling on earnings comes through season of birth 

and compulsory schooling laws enacted in US, Bound, Jaeger and Baker (1995) use simulated 

instruments to produce just about the same estimates found in the Angrist and Krueger study. The 

mean of the estimated coefficient are approximately about the same as the OLS estimates. Only the 

standard errors are slightly larger than comparable IV estimates obtained using the actual quarter of 

birth as instrument. Similarly, Bertrand, Duflo and Mullainathan (2004) randomly generated placebo 

laws in state-level data on female wages from the current population survey (CPS). Given that the 

placebo laws never exist, Bertrand et al expect that if OLS generated standard errors are consistent, 

they should reject the null hypothesis of no placebo law effect roughly 5 percent of the time when a 

threshold of 1.96 is used for absolute t-statistic. Surprisingly, they find the null of no effect rejected 

67.5 percent of the time. 

Given these facts, we need better proof of the validity of the instrument used in this study. If we 

randomly assign latitude values obtained from Nigerian DHS data to other countries DHS data. 

Random allocation package was used for this purpose. We chose the most recent DHS data collected 

in Mali, Malawi and Tanzania. 

If IV strategy based on the assumption that average schooling attainment is the only channel through 

which latitude instrument affect wealth status, we expect insignificant relationship between latitude 

instrument and average schooling attainment in the countries chosen for the falsification test. Using 

the same Demographic and Health Surveys Mali, Malawi and Tanzania of three SSA countries and 

drawing on the same set of variables, we provide extra evidence that our instrument is valid. Since 

latitude values are falsely constructed, there should be no positive and significant relationship 

Nigeria’s latitude instrument and economic status indicator of individuals in those countries, if we 

control for a sufficient number of covariates in our model. If there is, our instrument is probably 

invalid, casting serious doubts on unbiasness and consistency of our estimates. Empirical results of 

our falsification tests are presented in 8.0 Columns 2, 3 and 4 of table 8.0 show the results of our 

falsification tests. In the three cases, latitude instrument is not significantly related to economic well-

being indicator. This provides some conviction in the validity of our instrument. 
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5.2 Bias from Selective Migration 

The IV estimates of schooling externalities are unbiased and consistent under the assumption that 

individual exposure to latitude instrument did not relocate from areas where they were at that time of 

schooling or at least the migration is not on a large scale. If migration is on a massive scale estimates 

from schooling externalities from IV regressions will be biased and inconsistent. This is because the 

characteristics of migrants are fundamentally different from non-migrants. Migrants are usually young 

and more educated than non-migrants. Thus self selection of migration could create problems for 

generating precise and reliable estimates of schooling externalities (Schultz, 2008). Evidence from 

Mberu, (2008) indicates that migrants self-select. Urban-rural migrants are more likely to be young 

and educated. Christians are more likely to migrate than Muslims. While Kanuri, Shua Arabs are 

essentially non-migrants, Hausa Fulani’s and Yoruba are rural to rural migrants, Igbo Ibibio and 

Urhobo, Isoko and Edo are predominantly rural-urban migrants. 

 

But we cannot be completely certain that exclusion restriction condition is not violated by migration. 

To be sure, we undertake two econometric approaches. This is important because the 2008 NDHS 

household data has some information on migration. Information on respondents’ migrant status is 

indicated in the DHS database. Migrants give information on years spent in their new locations. From 

our data we try to identify a migrant and used a dummy variable to measure migrant status. Thus, a 

migrant dummy is created by allocating 1 to migrants this way, 0 to non-migrants. Our results are 

presented in tables 9.0 below. Secondly, we ran IV regression without migrants. In both cases, 

estimates of schooling externalities barely changed. 

 

5.3 Over-identification test 

 

Thus far we have used only one instrument for average schooling attainment at the LGA level. 

Validity concerns still plaques our choice instrument. With one instrument it is not possible to 

implement over-identification test. In spite of the limitation of the over-identification test (Acemoglu, 

Johnson and Robinson, 2001), outcome of this test can provide complementary evidence in favour of 

instrument validity. To the latitude instrument, we add one other geographic-based instrument: 

altitude. The intensity of economic activities in low-latitude Nigeria corresponds to the intensity of 

economic activities in low-elevation LGAs. For instance, LGAs with low altitude are closer to the 

seas with vast economic activities. The problem is that if our latitude instrument is invalid, other 

instrument is likely to be invalid because all instruments are engaged for the same reason. 

Furthermore, passing the over-identification test is not a guarantee that the instruments are valid when 

instruments are chosen for the same reason (Murray, 2006).  



 

22 

 

P
ag

e2
2

 

 

If people with similar skill endowment are clustered within the same households and LGA, we can 

use the LGA schooling attainment of adult household members who are 25 years and above to 

instrument for our schooling variable. Average schooling attainment for the adult members excluding 

the respondent is first computed and the LGA average is then estimated from the household average 

by summing across households and dividing by the number of households. 

     

With extra two instruments for the endogenous average schooling attainment variable, we are able to 

implement the over-identification test. The test is useful because determining whether to reject the 

null of the hypothesis of instrument validity is one good way of knowing whether a strong 

relationship between instruments and the error term. If we fail to reject null hypothesis, then we have 

some confidence in the validity of our instrument (Wooldridge, 2002).  Our results indicate that we 

cannot reject our null hypothesis, and thus our instruments are most likely valid.  

 

Apart from the low-power of over-identification test under some condition, over-identification test 

does not reveal the extent to which exclusion restriction condition could be violated. This is important 

because the jack-knife requirement of perfect orthogonality between instruments and error term is in 

reality not possible. Thus, interpreting the results of the over-identification test should take into 

consideration these weaknesses, and tread with caution. To account of this weakness, we use the 

strategy suggested by Nevo and Rosen (2008). Using their strategy, derive analytic bounds under the 

assumption that correlation between the instrument and error term as the same sign as the correlation 

between the endogenous regressor and error term and that the instruments are less correlated with the 

error than is the endogenous regressor. The bounds are within the range of estimates previously 

obtained in our IV regressions (Not Shown). Taking alongside other tests, there is a greater 

probability that our instruments are valid.  

 

The strategy suggested by Murray (2006) is to include the latitude instrument and the other two 

instruments in a reduced form model with wealth index as our dependent variable. The statistical 

significance of the instruments is then examined. If the instruments are valid, they should be 

statistically significant without the suspected endogenous variable. When the endogenous variables 

are added to the model the coefficients of the instruments should lose their statistical significance. In 

the first regression, the instruments are statically significant with the expected signs. In the second 

regression with endogenous variables added to our model, the instruments lost their significance. 

Evidence here also reinforces our validity claim (Results not shown but available).  

 

6.0 Externality Sources   

 

While schooling is an intense individual activity, results from our various estimates have shown it 

generate significant externality. Estimates from OLS and IV regressions are robust to a number of 

additional tests executed in section five. In this section, we try to probe the sources of this externality, 

and we do so for average schooling attainment as well the three levels of education. Both OLS and IV 

results are discussed together. Because higher social benefits of education are associated with greater 

degree of interactions among individuals occupying a given social and physical space, we selected 

variables which capture social interactions in Nigerian urban community. Theories of human capital 
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externality and empirical studies conducted at the level of cities and Metropolitan Statistical Areas 

(MSAs) suggest interactions as the mechanism through which externality is produced.  The variables 

depicting social interactions are progressively added to model 5 previously estimated with OLS and 

IV techniques. Adding four categories of variables generated four extra models (6-9). Only IV 

estimates are reported. 

 

6.1 Urban Density:  

 

An important source of externality is people’s proximity to each other, which permits closer 

interactions in neighbourhood (Borjas, 1995) or cities (Lucas, 1988 and Rauch, 1993). Through the 

exchange of ideas, human capital of others complements the input of labour in the production process 

(Bils, 2000). Rouse (2000) argues that the city or metropolitan area might conceptually be the more 

appropriate unit of analysis because it approximates the level at which workers meet and exchange 

ideas regularly. At the city or metropolitan area level, the exchange of ideas is facilitated between 

managers and entrepreneurs (Bairoch, 1988). Marshall (1961) argued that the geographic 

concentration of specialised inputs is an important source of human capital externality.  

 

Tse (2010) asserts that market externality in her model arises from the assumptions that the rate at 

which an economic agent is matched with a potential trading partner increases with population mass 

and the cost of sealing a trade contract is proportional to the distance between the two traders. What 

can be implied from this line of argument for schooling externality is that population density might 

matter. Rapid exchange and spread of ideas is possible when people live close to one another. Thus, 

population density, either of the male or female or both, might be a vital causal channel.  

 

Glaeser (1999) present a formalisation of Marshall’s insight by formulating a model showing 

individuals acquiring valuable human capital through interactions, indicating the dense urban areas 

increase the speed of interactions. If interactions in dense urban environments are not important, we 

would expect new migrants into cities to experience wage gains over time in the urban labour market. 

However, a study by Glaeser and Mare (2001) reveals that new migrants into large cities in the US 

experience significant wage gains in the urban labour markets over a period of time. More 

importantly, their wages do not drop when they relocated to smaller communities. High density, 

according to Glaeser (1998) and Rosenthal and Strange (2001), generate externality by linking people, 

goods and ideas. An important historical account of the growth of English cities from 1861 to 1961 

argued that information-based human capital embodied in professionals, could account for the growth 

of cities in England (Curtis, 1996).  Jaffe, Trajtenberg and Henderson (1991) note that inventors living 

within neighbourhood tend to cite each others patents. Studies by Feldman and Audretsch (1999) & 

OhUallachain (1999) find that metropolitan size increases patent activity. Ciccone and Hall (1996) 

discover that doubling employment density of county raise labour productivity by 6 percent. 

 

To capture this within our framework, we estimate LGA population density using the 2006 Nigerian 

population figures combined with data on the geographic size of each LGA. We included the 

population density variable in each of OLS and IV regressions for LGA average schooling attainment 

and for each of the level of education. In turn, we also introduce male population density and female 

population density to see whether gender-based interactions matter in generating externality.  If 

externality is not occurring through population density, estimate of human capital externality is not 

expected to decrease significantly when population density variable is introduced into the model. IV 

results are presented in tables 11.0a and 11.0b across four panels. The density variable has positive 

and significant impact on indicator of economic wellbeing. IV estimates of schooling externality 

declined when density variable is added to the model, indicating density is an important source of 

schooling externality. 

 

6.2 Concentration of Primary & Secondary Schools. 
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Schools, public and private, are the production factories of humans embodied with human capital. 

Somewhat indirectly, schools are fundamental source of human capital externality, because they 

probably are the original producers of ideas or they are the transmitting mechanisms of these ideas. 

According to Winters (2011a), one of the most important determinants of local human capital is the 

existence of colleges and universities in the area. In a related study, Winters (2011b) finds that both 

human capital of residents and the presence of higher institutions positively affect the quality of life, 

measured by wages earned by residents. They do this by increasing access to higher education for 

local residents (Card, 1995) and they encourage students living far away to relocate and then stay on 

after graduation (Groen and White, 2004; Hickman, 2009).  

 

If public goods such as museums, parks, symphonies and theatres complement human capital in 

production in generating externalities, areas which initially had the most schools may also have more 

of these local public goods. For the same reason, these areas are more likely to invite greater 

consumer service business such as bookstores, records shops, bicycle shops, health food stores and 

similar businesses (Gumprecht, 2003). They also provide the environment for learning ideas that 

make individuals more productive, ideas which can later be passed on to those with limited or no 

schooling attainment.  

 

This is particularly important in countries where long distance internal migration is highly limited 

because the location of learning institutions are probably the best place of commerce or business, so 

that people tend to remain in places where they attended schools or areas where schools abound. In 

fact, it is possible that the intensity of school presence in a given LGA may be an important 

determinant of urbanisation later on. This is likely to be so because the establishment of schools may 

invite more persons and complementary investments. If human capital is associated with the rise of 

skilled cities in the US and England (Simon, 1996; Simon and Nardinelli, 2002), schools which 

produce this human capital could an important source of externality.  

 

We introduce historic and contemporary indicators of human capital investment into our model. In 

other separate regressions, we check the robustness of our results using different indicators of this 

form of human capital investment. This includes the use of the LGA number of basic schools per 

square kilometre established between 1843 and 1940. The basic school system produced the initial 

crop of educated people whose skills became useful in public and private sectors. Much later the 

secondary school system also produced most of the middle-level man power required for economic 

development. To incorporate this into our model, we use the LGA number of secondary schools per 

square kilometre as at 1980. Results are reported below in tables 11a and 11b across all levels of 

education. The variables are positively correlated with economic wellbeing, and these relationships 

are statistically significant. The spatial concentration of these schools appears to create a pool of 

skilled personnel who create externalities within a defined space through interactions with others. 

 

6.3 Distance to State Capitals 

 

It has been noticed that externality due to concentration of human beings in specific locations decay 

with spatial distance. More specifically, externalities arising from occupational specialisation peak at 

1.5 miles and falls thereafter. Human capital externality depreciates after 3 miles, and externality 

arising from occupation diversity falls after 9 miles (Fu, 2007). In Arzaghi and Henderson (2006), 

externality due to the productivity of advertising firms in the vicinity of Manhattan peak at 500 

meters, and starts decaying after 75 meters. In a related study by Rice et al (2006) notice externality 

decline after 40 minutes of driving time, and lose significance beyond 80 minutes. Anderson et al 

(2004) study establishes that externality produced by decentralisation of higher education in Sweden 

occurs within 20 kilometres of the University just established. Rosenthal and Strange (2006) find that 

wages increase by 1.5 percent for each of the 100,000 full-time workers within 5 miles, and declines 

thereafter. All these studies suggest that there is spatial concentration of knowledge which produces 

externality. Thus, the extent to which others gain in wages and employment is determined to a large 

extent by physical proximity to a pool of skilled human capital. As exposure to this pool of people 
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increases, so does the externality. In order words, isolation from skilled human capital will most likely 

depreciates externality. 

 

In nearly all the 36 states of Nigeria, the state capitals are areas of considerable economic activities. 

They supposedly have a greater pool of skilled labour than other parts of the state. There is a lot to 

gain from interaction with skilled residents of state capitals. Residents of neighbouring LGAs are 

more likely to gain more than residents in more distant LGAs. Thus, distance between state capital 

and the LGAs could be used to measure the interaction. Thus, if the distance between the respondent 

current location and state capital could be determined, and the distance variable included in the 

econometric model, then we can estimate how schooling externalities is due to interactions with pool 

of skilled individuals residents in various state capitals across the federation. To determine the 

distance, we use the great circle formula, which use the distance between the centroids of two 

locations to determine the distance between them. Including the logarithm of the distance in the 

econometric model should reduce estimates of human capital externalities if this channel of 

interaction is significant. However, results obtained from introducing logarithms of distance variable 

are presented below in the tables 11.0a and 11.0b. The variable is negatively and significantly 

correlated with economic wellbeing. Individuals living in state capitals and close to it benefit 

considerably from the pool of human capital existing in these locations. In IV regressions, estimates 

of schooling externalities drop you add this distance variable. 

 

6.4 Exposure or Isolation Mechanism  

 

To what extent is the exposure of an individual to a cluster of skilled individuals likely to be a source 

of externality? To determine this, we compute individual degree of exposure to people with post-

secondary schooling within his or her tract area and with others in the LGA. With appropriate 

modifications, we use the same formula adopted by Cutler and Glaeser (1997). This is given below as 

 

exp
Edui

personsi

Edu
education osure

persons
  

1

exp
N

i

ii

Edu Edu
education osure

persons persons

  
     

     

iEdu  and ipersons represent the number of people with tertiary in census tract i and the number 

of persons resident in the tract. Edu is the number of persons living in the LGA with tertiary 

education while persons is the number of persons resident in the LGA. Census tract is sub area of 

the LGA. The product of the fraction of persons with tertiary education in a specific LGA and the 

fraction of persons with post-secondary education in the census tract in computed to capture 

interactions within and outside the tract area. The values range from 0 to 1, with higher values 

implying greater level of exposure to skilled individuals. As expected, the exposure index has a 

positive and significant impact on wealth index, dropping estimates across all panels of table 11.0. All 

four variables capturing social interactions that produced schooling externalities are found to be 

important. Adding them to the model reduced IV estimates of schooling externalities as we move 

progressively from model 5 to model 9 in tables 11.0a and 11.0b. 
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7.0 Summary and Conclusions 

In this study, we set out to investigate the existence of schooling externalities and the extent to which 

proximate interactions among individuals are responsible for these human capital externalities. OLS 

results show LGA average year of schooling generate generates 7.75 percent and LGA average year 

of primary schooling generates 18.14 percent. It is 16.95 percent for LGA average year of secondary 

schooling and 20.58 percent for LGA year of tertiary education. The results are robust to test of 

omitted variables bias. Because of endogeneity and measurement error problems, we adopted IV 

identification strategy. Latitude is used to instrument LGA average schooling attainment because the 

economic activities associated with low-latitude areas spur investment in human capital. IV estimates 

are in almost all cases significantly higher than OLS estimates, though the estimates for tertiary 

schooling are highly imprecise because of large standard errors. Excluding an apparently irrelevant 

variable and accounting for potential bias due to endogeneity of individual schooling attainment did 

not alter our results. The use of maximum likelihood method to generate unbiased and consistent 

estimates due to weak instrument in tertiary schooling IV regressions did change schooling 

externalities due to tertiary education. While selective migration is important in our model, our IV 

estimates are still large. Our instruments pass conventional validity tests such as falsification and 
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over-identification tests. To probe the sources of human capital externalities in our model due to 

human social interactions within a defined space, we added LGA population density, investment in 

primary and secondary schools that created the pool of human capital, distance to the state capital that 

captures the strength of interaction with a large pool of human capital and the extent of exposure to 

individuals with higher education within cluster areas and LGAs. All variables appear significantly in 

our model. There inclusion reduced OLS and IV estimates of schooling externalities, indicating they 

are causal channels for human capital externalities.  
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