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Abstract 

 

 This paper examines recent studies that estimate the impact of education on 

economic growth.  It explains why cross-country regressions face formidable 

econometric problems.  Recent studies are reviewed: some show strong impacts of 

education on economic growth; others show little effect.  All have multiple estimation 

problems, which may explain their divergent results.  Evidence shows that education 

quality in Sub-Saharan Africa is much lower than in other developing countries.  

Estimates from three influential studies are extended; the results suggest that the impact 

of education on economic growth in Sub-Saharan Africa is lower than in other countries, 

likely due to lower school quality. 

 

Keywords: Education, economic growth, Sub-Saharan Africa, school quality. 
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I. Introduction 

 From 1980 to 2000, Sub-Saharan African countries experienced low economic 

growth and made little progress in raising their levels of education.  More specifically, 

World Bank data show that from 1980 to 2000 the average growth rate in GDP per capita 

in Sub-Saharan Africa was -0.6%, which compares to 4.9% in East Asia, 0.5% in Latin 

America, 1.2% in the Middle East and 3.6% for South Asia.  Further, from 1980 to 2000 

the primary school gross enrollment rate in Sub-Saharan Africa declined, from 80% to 

77%.  In contrast, over the same period the primary gross enrollment rate increased, or 

held steady at a high level, in East Asia (111% in both years), Latin America (from 105% 

to 127%), the Middle East (89% to 97%) and South Asia (77% to 98%). (These figures are 

from Glewwe and Kremer, 2006.) On a more optimistic note, the average GDP growth per 

capita in Sub-Saharan Africa from 2000 to 2010 was about 2.5%, and the primary gross 

enrollment rate had increased to 100% in 2010 (World Bank, 2012). 

These two phenomena are almost certainly related.  If education makes 

individuals more productive workers, the lack of progress in education outcomes in Sub-

Saharan Africa in the 1980s and 1990s may explain, at least in part, its low economic 

growth.  There may also be a causal relationship in the other direction: low incomes 

reduce households’ capacity to send their children to school. 

This paper examines recent macroeconomic research on the impact of education 

on economic growth, focusing on Sub-Saharan Africa.  It first reviews recent models of 

economic growth (Section II), emphasizing the difficulties in estimating the impact of 

education and other factors on economic growth.  It then reviews recent studies of the 

impact of education on economic growth (Section III).  Finally, it presents new estimates 
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of the impact of education on growth that focus on Sub-Saharan Africa (Section IV).  The 

last section summarizes the findings and provides suggestions for future research. 

 

II. Methodological Issues in Estimating the Determinants of Economic Growth 

 To provide a framework for interpreting the results of empirical studies, this 

section reviews basic neoclassical growth theory, focusing on its implications for 

estimating the determinants of economic growth.  For further details, see the 

comprehensive review by Durlauf, Johnson and Temple (2005). 

 A. Basic Growth Theory.  Before examining theoretical models, the basic 

variables must be defined.  They are (where i denotes country and t denotes year): 

 

 Yi,t   total output 
 
 Li,t = Li,0enit  total labor (which grows at rate ni) 
 
 yi,t = Yi,t/Li,t  output per worker 
 
 Ai,t = Ai,0egit  level of (labor augmenting) technological progress 
 
 yi,

E
t = Yi,t/(Li,tAi,t) output per “efficiency unit of labor” 

 
 

The last variable, yi,
E

t, requires some explanation.  The denominator, Li,tAi,t, is “efficiency 

units of labor”, that is the amount of labor at time t measured in terms of the efficiency of 

labor at time zero.  For example, if there are 100 workers at both time 0 and time t, but 

technical change makes labor 30% more efficient, then there are 130 efficiency units of 

labor at time t.  Note that efficiency units of labor grow at the rate ni + gi:  Li,tAi,t = 

Li,0Ai,0e(ni + gi)t.  In general, as long as there is technical change of some sort, output per 

capita, yi,t, grows even when the economy is in equilibrium.  In contrast, in most growth 

models output per efficiency unit of labor, yi,
E

t, is constant in equilibrium.  The point here 
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is that it is useful to have a measure of output per capita that “nets out” exogenous 

improvements in technology and thus converges to a constant in equilibrium. 

Standard one-sector neoclassical growth models imply that the average (annual) 

rate of income growth per worker from time 0 to time t in country i, denoted by γi, 

equals:1 

 

γi = gi + βi[log(yi,0) – log(yi,
E

∞) – log(Ai,0)] (1) 

 

where gi is the rate of (labor augmenting) technological change, yi,0 is income per worker 

at time 0, yi,
E

∞ is the steady state value of income per efficiency unit of labor, and Ai,0 is 

labor efficiency at time zero.  Rewriting equation (1) yields a useful interpretation: 

 

γi = gi + βi[log(yi,0/Ai,0) – log(yi,
E

∞)]   (1′) 

= gi + βi[log(yi,
E

0) – log(yi,
E

∞)] 

 

Equation (1′) shows that the rate of growth per worker from time 0 to time t equals gi, the 

rate of technical change for country i (which in simple models is treated as exogenous), 

plus the difference between the initial value (yi,
E

0) and the long-run equilibrium value 

(yi,
E

∞) of output per efficiency unit of labor.   

In general, countries’ initial level of output per efficiency unit of labor would be 

less than the equilibrium level, so that the term in brackets would be negative.  Standard 

growth theory implies that βi < 0, so equation (1) shows that countries with initial levels 

of output per efficiency unit of labor far below their equilibrium levels will have 

relatively high rates of economic growth.  This implies that, everything else equal, poor 

countries should have higher rates of economic growth and so should “catch up” to 
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wealthier countries.  Finally, note that βi in equation (1) measures the speed of 

convergence of economic growth to the steady state.  Over time, βi diminishes and 

eventually equals zero (see Durlauf, et al., 2005, p.577).  Thus in the very long run the 

rate of economic growth equals the rate of technological progress, gi. 

 How is equation (1) related to estimates of the determinants of economic growth?  

Most studies assume that gi and βi do not vary over countries, and add an error term, ui: 

 

γi = g – βlog(yi,
E

∞) – βlog(Ai,0) + βlog(yi,0) + ui (2) 

 

Data are usually available for yi,0, but finding data on yi,
E

∞ and Ai,0 is more difficult.   

Mankiw, Romer and Weil (1992) connected growth theory with empirical growth 

regressions by assuming that total output of country i and time t (Yi,t) is determined by 

three factors: physical capital (Ki,t), human capital (Hi,t) and labor (Li,t).  Specifically, 

they assumed a standard constant returns to scale Cobb-Douglas production function: 2 

 

Yi,t = Ki,t
αHi,t

φ(Ai,tLi,t)1-α-φ (3) 

 

where labor is multiplied by technical efficiency (Ai,t) to generate “efficiency units of 

labor”.  They also assumed exogenous growth for labor supply and technical change: 

 

Li,t = Li,0eni t,  Ai,t = Ai,0egt  (4) 

 

where g is the same rate of growth in equation (2).  They allow labor supply growth (i.e. 

population growth) to vary by country, but assume that growth in technological progress 

is the same for all countries. 
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 In contrast, physical and human capital growth rates are determined by country 

specific savings rates for those types of capital (sK,i and sH,i, respectively) and by their 

depreciation rates.  Thus their changes over time (denoted by K i,t and H i,t) are: 

 

K i,t = sK,iYi,t – δKi,t (5) 

H i,t = sH,iYi,t – δHi,t (6) 

 

where the depreciation rate (δ) is assumed not to vary over countries, or by type of capital. 

In contrast, savings rates can vary over countries and by type of capital, but not over time. 

 Mankiw, Romer and Weil show that these assumptions yield the following 

solution for yi,
E

∞, the steady state level of income per efficiency unit of labor: 

 

yi,
E

∞ = 
φ−α−

φ+α

φα















δ++

1
1

i

i,Hi,K

)gn(

ss
 (7) 

 

Note that yi,
E

∞ does not change over time, yet it varies across countries according to their 

savings rates for physical and human capital and their labor force growth (ni). 

 B. From Theory to Econometric Specification.  Insert (7) into (2): 

 

γi = g + βlog(yi,0) + β
φ−α−

φ+α
1

log(ni + g + δ) - β
φ−α−

α
1

log(sK,i)      (8) 

- β
φ−α−

φ
1

log(sH,i) – βlog(Ai,0) + ui 

 

The only unobserved country specific term is Ai,0. Mankiw and his coauthors assume that 

log(Ai,0) = log(A) + ei, where ei is a country specific random shock that is uncorrelated 

with ni, sK,i and sH,i.  This gives: 
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γi = g – βlog(A) + βlog(yi,0) + β
φ−α−

φ+α
1

log(ni + g + δ)  (9) 

- β
φ−α−

α
1

log(sK,i) - β
φ−α−

φ
1

log(sH,i) + εi 

 

where εi = ui – βei.   

 Equation (9) provides a theoretical foundation for estimating the determinants of 

economic growth; indeed, it is the basis of the regressions in Mankiw et al., and in many 

subsequent papers. Consider equation (9). Apart from the constant, g – βlog(A), it has four 

coefficients but only three parameters (β, α and φ).  This occurs because the sum of the 

coefficients on log(ni + g + δ), log(sK,i) and log(sH,i) equals zero. This parameter restriction 

can be used to check the validity of the theory and the econometric assumptions. 

 Papers written after Mankiw, Romer and Weil (1992) often add other variables to 

equation (9).  In effect, these variables attempt to explain variation in the rate of techno-

logical progress, gi, and in the initial technology term, Ai,0, which were assumed to be 

constants in equation (9).  If significant, these additional variables suggest variation in gi 

or Ai,0, but they do not indicate whether the variation is in gi or in Ai,0. Thus it is not clear 

whether the significance of additional variables indicates that steady state growth rates in 

income per worker, gi, vary over countries, or indicates only variation in how far countries 

are off a common steady state “path” of economic growth at time zero (as determined by 

initial worker efficiency, Ai,0).  The former implies that countries always grow at different 

rates, while the latter implies that growth rates converge to a common rate. 

 If equation (9) is a good approximation of the growth process, then the parameter 

φ measures the technical contribution of human capital, which is usually assumed to be 

determined by population education levels, to economic growth.  Estimates of (9) also 
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show, via -βφ/(1-α-φ), how raising investments in human capital (raising the savings rate 

for human capital) increases economic growth by increasing the equilibrium level of 

output per efficiency unit of labor (as in (9)).  (Since theory implies that β < 0, 

investments in education increase economic growth). 

 Two additional econometric issues merit attention.  First, increased investments in 

human capital, which amount to raising sH,i, are usually assumed to occur by increasing 

the population’s years of schooling, i.e. increasing the quantity of schooling. Yet the 

theory is also fully consistent with investments in human capital that attempt to increase 

student learning per year of school, that is increase the quality of schooling.  While most 

empirical work focuses on the quantity of schooling, recent work examines school 

quality, as explained in the literature review below. 

 Second, while the dependent variable in equation (9) is a growth rate, it can also 

be expressed as the level of (the log of) income.  Indeed, many studies use log per capita 

income as the dependent variable.  More specifically, γi = [log(yi,t) – log(yi,0)]/t, so 

multiplying both sides of (9) by t (multiplying all parameters and the error term by t), and 

then adding log(yi,0) to both sides yields a levels specification. The only difference is that 

the coefficient on log(yi,0) in (9) becomes βt + 1, and all the other parameters (and the 

error term) are multiplied by t.  

 C. Econometric Problems, and Proposed Solutions.  In any econometric model, 

correlation between the error term and the regressors causes bias in OLS parameter 

estimates.  Thus one must thoroughly consider what the error term represents.  The 

residual in equation (9), εi = ui – βei, is the sum of variation in workers’ initial technical 

efficiency (ei = log(Ai,0) - log(A)) and variation in “ui”.  Yet what does ui represent?  



 10 

Unfortunately, ambiguity regarding ui is common in the empirical growth literature.  This 

subsection reviews five econometric problems that can lead to biased estimates of the 

determinants of economic growth, and presents strategies to minimize those problems.3 

1. Parameter Heterogeneity.  In equation (9), the impact of the explanatory variables 

is assumed to be identical for all countries, yet there is little reason for those variables’ 

impacts on economic growth to be identical for all countries.  Thus at best one can 

estimate only average impacts over all countries.  Indeed, Brock and Durlauf (2001) and 

Masanjala and Papageorgiou (2008) find that the process of economic growth in Sub-

Saharan Africa differs from that process in other regions of the world.  This suggests that 

regression analysis should allow the impacts of education on economic growth to be 

different in Sub-Saharan Africa. 

 2. Dynamic Misspecification.  Many policy variables, including investments in 

education, may have sizeable impacts on economic growth over many years.  Reliable 

data on most variables are not available until 1960, making it almost impossible to 

estimate the impact of variables with very long lags.  Since individuals usually work for 

many decades after finishing school, the impact of human capital investments on 

economic growth can unfold over several decades. Even if lags are only a decade or two, 

specifying the “wrong” lag length may yield misleading estimates.  Thus researchers 

should try several lag lengths, and should interpret their results with caution. 

3. Omitted Variable Bias.  As shown below, empirical studies of economic growth 

often produce contradictory results; some variables are statistically significant in some 

studies but not in others.  This is probably due to omitted variable bias.  To avoid such 

bias, all variables that may affect economic growth should be in the regression.  Yet 
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empirical work on economic growth employs many such variables; Durlauf et al. (2005) 

show that 145 different variables have been found to be statistically significant in at least 

one study.  Since most data sets have fewer than 150 countries, it is impossible to enter 

all variables simultaneously.  Several methods have been proposed to select the “most 

robust” variables; they are discussed in Section III.  Even if there were sufficient 

observations to include large numbers of variables, data simply may not exist for some 

potentially important variables.  Unfortunately, there is no easy solution to omitted 

variable bias when no reliable data exist. 

4. Endogeneity.  Many explanatory variables could be endogenous; they not only 

determine economic growth but are also influenced by that growth.  This leads to bias in 

OLS estimates. This is particularly true of human capital variables: high economic growth 

can induce increased investments in education.  To reduce this problem researchers often 

use initial, rather than current, values of education variables.  Yet a problem remains; 

countries’ cultures and histories can differ in ways that directly affect both economic 

growth and initial education levels, so that the latter is correlated with the error term.   

5. Measurement Error.  Some data used in cross-country regressions may be 

inaccurately measured.  Random measurement errors generally cause bias toward zero in 

(absolute values of) estimated coefficients, but errors may not always be random, so 

overestimation is also possible. 

 There are several approaches to address bias due to endogeneity and measurement 

error.  Instrumental variable estimation can correct both problems, but only if instruments 

can be found that are correlated with the variables that have these problems but 

uncorrelated with the error term in the growth regression (and with any measurement 
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error).  Credible instruments are difficult to find.  Some authors claim that 

“predetermined” variables must be exogenous, but this is incorrect; a third unobserved 

variable could directly affect both economic growth and the “predetermined” variable, 

inducing correlation between the latter and the error term in the growth regression and 

thus disqualifying it as an instrument.  Another common but unsatisfactory approach is 

using lagged values of variables as instruments for their current values, but lagged 

variables could still be correlated with the error term, and could exhibit bias due to weak 

instruments (see Durlauf, et al., 2005, pp.632-634).   

 Another approach used in growth regressions is to estimate differenced versions 

of those equations, that is regressing changes in growth rates on changes in explanatory 

variables. While this removes bias due to unobserved terms that are time invariant and 

correlated with observed regressors, it precludes estimation of the impacts of all time 

invariant variables, and differencing can exacerbate measurement error bias. 

 Overall, several formidable econometric problems hamper attempts to estimate 

the impact of education, and indeed of any variables, on economic growth.  Some 

economists, such as Durlauf, Johnson and Temple, argue that it is impossible to precisely 

estimate the determinants of economic growth; at best one can find variables that may 

have important roles (variables that are statistically significant under many different 

estimation procedures) and variables that have little or no role (are rarely statistically 

significant). 
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III. A Review of Empirical Studies of the Impact of Education on Economic Growth 

 This section reviews key studies in the empirical literature on economic growth, 

emphasizing studies that focus on education and/or Sub-Saharan Africa, highlighting 

econometric difficulties.  The studies were selected by perusing several chapters in 

Aghion and Durlauf (2005), particularly Durlauf, Johnson and Temple (2005) and 

Benhabib and Spiegel (2005), and by searching the empirical growth literature for studies 

that focused on education or on Sub-Saharan Africa.  Table 1 summarizes these studies’ 

main features, and main findings. 

 A. Three Early Influential Studies.  Three highly influential early studies of the 

determinants of economic growth are Barro (1991), Mankiw, Romer and Weil (1992), 

and Levine and Renelt (1992).  They were among the first to use the Penn World Tables 

data (Summers and Heston, 1991), and to interpret their results in light of theoretical 

models of economic growth developed in the late 1980s (e.g. Romer 1986, Lucas 1988). 

 Barro (1991) used the Penn World Tables data to find “empirical regularities” in 

the cross-country data.  His econometric specification is not derived from any model of 

economic growth; instead he regressed growth rates on variables that were high-lighted in 

several influential theoretical models.  He focused primarily on initial (1960) levels of 

GDP, initial levels of human capital (proxied by primary and secondary school 

enrollment rates in 1960), fertility rates and investment ratios. 

 In most of Barro’s regressions, both primary and secondary (gross) enrollment 

rates have significantly positive impacts on the rate of economic growth (per capita GDP 

growth rate from 1960 to 1985).  He presents additional regressions to check this finding’s 

robustness and clarify its interpretation.  To check whether the positive impacts reflect 
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some “favorable situation” that raises both economic growth and school enrollment, he 

adds 1950 school enrollment rates, which should be less susceptible than the 1960 rates to 

some “favorable situation.”  The 1950 rates were statistically insignificant, which supports 

the favorable situation hypothesis (and casts doubt on the causal impact of education), but 

Barro argues that the 1950 rates may have large measurement error problems.  Thus he 

regresses economic growth from 1970 to 1985 on enrollment rates in the 1960s and 1970s 

and finds that the 1960 primary rate is significant while the 1970 rate is not, which 

contradicts the “favorable situation” interpretation.  (The 1960 and 1970 secondary rates 

were highly correlated, and neither was significant.) 

 Barro presents evidence that school quality matters; higher primary and secondary 

pupil teacher ratios in 1960 have marginally significant negative impacts.  He also tries 

1960 literacy rates as a regressor; when it replaces enrollment rates it is significantly 

positive, as expected, but adding school enrollment rates makes it inexplicably 

significantly negative. Barro suggests the latter result may reflect measurement error in 

this variable. 

 Barro checks the robustness of his results. First, he adds dummy variables for Sub-

Saharan Africa and Latin America to the basic regression.  Both are significantly negative, 

and adding them reduces the estimated coefficients on primary and secondary enrollment 

rates.  He then adds the fertility rate and private investment as regressors: the coefficients 

on the primary and secondary enrollment rates decline.  His interpretation is that education 

reduces fertility and makes private investment more productive, so the impact of education 

on economic growth is partly through these two phenomena. 
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 In summary, Barro does not to claim to estimate the impact of school enrollment 

rates and other variables on economic growth, but suggests that the regularities he finds 

may reflect underlying causal relationships.  Yet his robustness checks only partly address 

the econometric problems discussed above.  For example, omitted variable bias may still 

be a serious problem.  

 Mankiw, Romer and Weil (1992) present estimates of the determinants of 

economic growth that are closely linked to economic theory, in particular to their 

modified neoclassical (Solow) model, the modification being the division of capital into 

physical and human capital.  This is motivated by their initial finding that regression 

estimates that do not disaggregate capital yield an implausibly high share of capital 

income (as a fraction of total income). 

 Section II described the Mankiw et al. model and its econometric specification, so 

the discussion here presents only their results.  They regress the rate of economic growth 

from 1960 to 1985 (log of GDP per worker in 1985 minus log of GDP per worker in 

1960) on the log of GPD per worker in 1960, the log of the sum of the population growth 

rate and 0.05 (0.05 is their calculation of the depreciation rate plus the rate of technical 

change), the log of physical capital investment (as a ratio of GDP) and the log of 

investment (saving) in human capital.  Investment in human capital is approximated by 

the secondary school net enrollment rate multiplied by the fraction of the population of 

secondary school age.  This approximates the human capital investment rate in that it 

equals the proportion of the labor force investing in secondary education. 

 The empirical results show that the restriction implied by the (augmented) Solow 

model is not rejected: the coefficients on investment, human capital and population 
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growth sum to zero.  More importantly for this paper, the coefficient on investment in 

schooling is positive and strongly significant, and adding this variable to the Solow 

model yields a more plausible estimate of the impact of physical capital.  Together, the 

population, education and physical capital variables “explain” almost 80% of the 

variation in the growth rate over the sample of 98 countries.  The authors conclude that 

their augmented neoclassical Solow growth model fits the data very well. 

 Both the Barro and the Mankiw-Romer-Weil studies suggest that increased 

education raises economic growth.  More specifically, Barro’s estimates of the impacts of 

primary and secondary enrollment rates in 1960 on economic growth are about 0.025 and 

0.030, respectively.  Thus a country with a primary enrollment rate of 100% (1.0) in 1960 

had a rate of economic growth 1.25 percentage points (0.0125) higher than that of a 

country with a 50% primary enrollment rate in 1960.  Similarly, a 50 percentage point 

increase in the secondary school enrollment rate (e.g. from 25% to 75%) implies a 1.5 

percentage point increase in economic growth.  Mankiw et al.’s results are also large.  

Their secondary school variable ranged from 0.4 to 12.1, so a change of about 6, say from 

3 to 9, is equivalent to an increase in secondary school enrollment of about 50 percentage 

points.  Their results suggest that such a change increases the rate of economic growth by 

3.1 percentage points ((ln(9) – ln(3))*0.07/25).  This is higher than Barro’s estimates, but 

Mankiw et al. did not control for primary enrollment rates, which are highly correlated 

with secondary enrollment rates, so their estimate may be equivalent to the sum of the 

impacts of primary and secondary rates in Barro’s model, which implies a 2.75 percentage 

point increase in the growth rate.  Thus these papers’ estimates of the impact of schooling 

on economic growth are quite similar. 
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 Yet both papers used only a few regressors, so they may suffer from omitted 

variable bias.  This leads to a very influential paper by Levine and Renelt (1992), who 

estimated many regressions to check the robustness of the effect of commonly used 

variables on economic growth.  The only variables that consistently had statistically 

significant impacts on economic growth across a wide array of specifications were initial 

income level and the share of investment in GDP; they find that neither primary nor 

secondary enrollment rates consistently had positive, statistically significant impacts on 

economic growth.  However, the high standard set in this paper, that a variable is robust 

only if it is statistically significant in all of the specifications tried, may be too strict (see 

Durlauf, Johnson and Temple, 2005, p.611). 

 B. Studies that Focus on the Role of Education.  Since the three seminal papers 

discussed above were published in the early 1990s, hundreds of papers have attempted to 

estimate the determinants of economic growth.  This subsection reviews the most 

influential papers published from 1994 to 2001 that focus on the impact of education on 

growth. 

 Barro and Lee (1994) were the first to use average years of schooling of the adult 

population to measure the stock of human capital.  Using census and enrollment data, they 

constructed variables that approximate the average years of schooling among adults (age 

25 and older); many subsequent studies have used these variables.  Separately for men and 

women, they created average years of primary schooling, of secondary schooling, and of 

post-secondary schooling. As in Barro (1991), the estimates are not linked to a specific 

theory of economic growth. 
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 Barro and Lee’s main results regarding education are: (a) male secondary 

schooling is significantly and positively related to economic growth; and (b) female 

secondary schooling has a significantly negative association.  The variables measuring 

years of male and female primary schooling, and years of male and female post-

secondary schooling, were insignificant.  The unexpected effect of female secondary 

schooling is less implausible when one notes that life expectancy has a positive effect on 

growth, and that female education has a positive effect on life expectancy. 

 Barro and Lee are careful not to claim strong policy conclusions.  This prudence 

reflects several potential econometric problems.  Their regressions contain only six non-

education variables, which may cause serious omitted variable bias.  Endogeneity of the 

education variables is another worry; the authors present IV estimates, but use lagged 

values of the same variables as instruments, which may not satisfy the exclusion 

restriction.  Stokey (1994) notes that the female secondary schooling variable becomes 

insignificant when continent dummy variables are added, and provides evidence that that 

variable has some erroneous values and concludes it should be dropped.  Similar 

regressions by Barro and Sala-i-Martin (2004), using newer (and presumably better) data 

with more observations, still find a positive and statistically significant effect for male 

secondary education, but female secondary education is insignificant, rather than 

significantly negative. 

 Another influential paper published in 1994 is Benhabib and Spiegel (1994). They 

begin with simple regressions based on a Cobb-Douglass production function (but not on a 

growth model).  They regress the change in log per capita income on changes in the log 

of: (a) the physical capital stock; (b) the human capital stock; and (c) labor. All changes 
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are measured from 1965 to 1985. They use three measures of the human capital stock: 

estimates extrapolated from a regression model of Kyriacou (1991); the Barro and Lee 

estimates; and adult literacy rate data.  Unlike Barro and Lee, Benhabib and Spiegel find 

no significant impact of changes in the stock of human capital on changes in per capita 

income.  They also report level (as opposed to change) regressions for 1965 and for 1985.  

For the 1965 data they find no significant explanatory power of education on per capita 

income; for 1985 it has a significantly positive coefficient if Kyriacou’s human capital 

measure is used, but not if the other two are used.   

 Even so, Benhabib and Spiegel argue that human capital does play a role: not as a 

factor of production but as a “factor” that facilitates adoption of new technology and 

makes physical capital more productive. They present a model of economic growth along 

these lines and use it to modify the econometric specification so that growth in (log) per 

capita income is a function of growth in the capital stock, growth in the labor supply, and 

the level of the human capital stock.  Estimating this specification, they find that, 

conditional on initial per capita income, the level of human capital has a significantly 

positive coefficient.  They also present results suggesting that higher levels of human 

capital increase physical capital accumulation. 

 Yet regression estimates based on differenced data often exacerbate measurement 

error bias, and random measurement errors bias estimates toward zero. The Kyriacou data 

are particularly prone to measurement error since they are extrapolations from a smaller 

sample.  Krueger and Lindahl (2001) present persuasive evidence that Benhabib and 

Spiegel’s change regressions suffer from bias due to measurement errors in both 

Kyriacou’s data and the Barro-Lee data.  They also note that, in the regressions with 
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education specified in levels instead of in changes, the estimated coefficients on the 

education variable are very sensitive to the specification of the physical capital variable.  

 The findings of Barro, Mankiw, et al., Barro and Lee, and Benhabib and Spiegel 

that education appears to increase economic growth were challenged by three papers in 

the late 1990s and early 2000s.  Klenow and Rodriguez-Clare (1997) offer two criticisms 

of Mankiw et al.4  Their first is that secondary schooling alone inadequately measures 

investments in human capital; the correct specification should sum investments in 

primary, secondary and post-secondary education.  Doing this dramatically lowers cross-

country variation in investments in human capital (relative to variation in investments in 

secondary education) because most countries have high primary school enrollment rates, 

and very low post-secondary enrollment rates.  They present simulations that decompose 

variation in per capita GDP (more precisely, income per worker) into variation in: a) 

technological change; b) physical capital; and c) human capital.  When variation in 

investments in secondary education is replaced by variation in investments in all three 

levels of education, the contribution of variation in human capital to variation in income 

per worker drops from 49% to 11%.  Their second criticism is that the contribution of 

education to variation in income per worker drops even farther when one alters the 

production function to allow production of human capital to be more labor intensive then 

production of other goods, which seems intuitively plausible.   

Klenow and Rodriguez-Clare’s analysis has two other noteworthy characteristics.  

First, they never attempt to estimate the impact education on economic growth; instead 

they present decompositions of variation in (the log of) income per worker that are based 

on others’ estimates.  Second, they do not deny that education increases income per 
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worker – indeed, their simulations assume that it does; rather they argue that Mankiw et 

al. overestimated education’s impact on economic growth.      

Mankiw (1997) raises two criticisms of Klenow and Rodriguez-Clare’s analysis. 

First, he notes that small changes in the parameters used in their decompositions can 

dramatically change their results, and there is little agreement on the size of many of their 

parameters.  Second, he questions whether variation in years of schooling, aggregated 

across all levels, is a valid measure of human capital variation.  It implicitly assumes that 

a year of primary schooling generates the same human capital as a year of secondary 

schooling, yet acquisition of productive skills may start slowly and accelerate as students 

move to higher grades.   

 Bils and Klenow (2000) also question whether the correlation between schooling 

and economic growth indicates a causal impact of the former on the latter. They develop a 

model of economic growth in which younger cohorts’ human capital is increased by that 

of older cohorts (e.g. teachers or on-the-job mentors).  Human capital not only enters the 

production function, it also raises economic growth by increasing adoption of new 

technologies.  They also allow economic growth to increase schooling; higher expected 

growth in technology makes human capital more productive, so “exogenous” factors that 

boost technology will raise expected growth, which in turn raises investment in schooling.   

The authors use parameter estimates from several sources to calibrate their model; 

as in Klenow and Rodriguez-Clare, they do not estimate the impact of education on 

growth but assume such an impact exists and assess how much of the correlation between 

economic growth and schooling is explained by it.  They find that the impact of human 

capital on economic growth via the direct effect in the production function accounts for 
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one third or less of the association between schooling and economic growth, and that the 

impact via technology adoption is also relatively small. 

Bils and Klenow provide an unusually rich and flexible model of the relationship 

between education and economic growth.  Yet it is unclear how much of their results 

reflect arbitrary choices of functional forms and exclusion of many other factors that may 

influence both economic growth and schooling.  Indeed, they concede (p.1177) that their 

calibration results “reflect a demand for schooling that is considerably more responsive to 

schooling’s Mincerian return than implied in several micro studies.”  Yet they correctly 

points out that previous regression results that suggested strong effects of education on 

economic growth should be interpreted with caution. 

Pritchett (2001) regresses growth rates in GDP per worker on growth in human 

capital (measured by years of schooling), growth in the capital stock, and (in some 

regressions) the log of initial GDP per worker.  His main education variable is the Barro-

Lee years of schooling of the adult population, but note that Barro and Lee use the initial 

stock of that variable, while Pritchett uses its change over time. Pritchett finds no 

significant impact of changes in education per worker on economic growth.  

Pritchett’s finding is quite surprising; Klenow and Rodriguez-Clare and Bils and 

Klenow claim only that human capital’s impact was overestimated, but Pritchett finds no 

impact at all. Yet Pritchett’s regressions likely suffer from serious bias due to 

measurement error in the education variable, which (if errors are random) leads to an 

estimated impact of education biased toward zero.  Pritchett gives two reasons why 

measurement errors do not drive his results.  First, he uses instrumental variable methods, 

with another measure of the stock of human capital (from Nehru, Swanson and Dubey, 
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1995) as the instrument.  Yet that second measure is based on much of the same data used 

by Pritchett (the Barro-Lee measure), so that instrument is invalid because it is correlated 

with the measurement error in Pritchett’s education variable.  Second, Pritchett argues that 

years of schooling and school quality should be positively correlated, so that not 

controlling for school quality overestimates the impact of years of schooling.  While 

positive correlation would hold in equilibrium, the vast expansion of education from 1960 

to 2000 in developing countries is unlikely to be a long-run equilibrium.  Countries that 

expanded their education systems quickly needed many more teachers, and likely lowered 

standards for teachers, or allowed class sizes to double or triple, both of which would 

induce negative correlation between expansion in years of schooling and school quality. 

 C. Studies that Address Measurement Error and Omitted Variable Bias.  The 

literature since 2000 has focused primarily on two econometric problems that are arguably 

the most serious: measurement error and omitted variable bias.  Nearly all recent papers 

conclude that education has a causal impact on economic growth.   

Krueger and Lindahl (2001) investigate the apparent contradiction between 

microeconomic studies in labor economics, which typically show sizeable returns to 

education, and macroeconomic studies of economic growth, which sometimes find little 

or no relationship between education and income growth.  They focus on measurement 

errors in the education variables in macroeconomic studies. They present evidence that at 

least 15%, and perhaps much more, of the variance in the Barro-Lee average years of 

schooling data is from measurement error.  The problem is exacerbated if this variable is 

differenced; at least 42% of the variance in the change in average years of schooling over 

time is measurement error.  Moreover, when other variables are added to growth 
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regressions, and those variables are correlated with years of schooling, almost all of the 

(conditional) variance in change of schooling in the Barro-Lee data is from measurement 

error; the (time differenced) education variable is primarily random noise.  This suggests 

that little is learned from Pritchett’s regressions of the impact of changes in education on 

economic growth. 

Krueger and Lindahl provide estimates that attempt to correct for measurement 

error.  They generally find that both the initial stock of human capital and the change in 

that stock over time have significant impacts on economic growth.  Indeed, some of their 

estimates seem too large to be credible. Regarding econometric problems of endogeneity, 

they note that their estimates do not rule out reverse causation; income growth or 

expected income growth could increase education investments.  Overall, they doubt that 

the impact of education on economic growth can be estimated using macroeconomic 

data, and they cast doubt on studies that claim that education has little or no role in 

determining economic growth. 

Cohen and Soto (2007) also address problems of measurement error. They present 

growth regressions that use a new education data base constructed using a uniform 

classification of years of schooling over time and better estimates of labor force years of 

schooling (for years without survey or census data).  Their improved data produces 

highly statistically significant positive effects of years of schooling on economic growth, 

including panel data estimates with country fixed effects (which effectively estimate the 

impact of changes in education on economic growth).  The results indicate that reducing 

measurement error in education variables yields regression results that show significant 

impacts of education on economic growth. 
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Three recent papers also focus omitted variable bias.  Sala-i-Martin, Doppelhofer 

and Miller (2004) do so by revisiting Levine and Renelt’s question: which variables are 

most robust as measured by statistical significance in a wide variety of regressions?  They 

employ Bayesian averaging of OLS estimates, which averages estimated results over a 

large number of regressions.  This approach investigates which variables are most often 

statistically significant, but without Levine and Renelt’s stringent standard.  Yet one 

should not infer causal interpretations from these results; this method finds “regularities” 

in the data in a way that minimizes omitted variable bias, but ignores measurement error 

bias.   

The Sala-i-Martin et al. method ranks variables by their robustness.  The result 

most relevant for this paper is that the 1960 primary school enrollment rate is the second 

most robust variable.5  None of the other 17 variables deemed most robust is education 

related.  But this does not imply no role for secondary education; the lack of additional 

explanatory power for secondary enrollment may simply reflect the high correlation 

coefficient (0.73) for primary and secondary enrollment rates in 1960. 

Hanushek and Kimko (2000) address omitted variable bias for an important 

variable: school quality.  Including this variable can also be interpreted as correcting for 

measurement error; years of schooling or enrollment rates may measure human capital 

with error.  They use data from two data collection efforts that administered similar 

mathematics and science tests to students in over 30 countries.  They construct 

normalized test scores and enter these in their regression estimates of economic growth 

(from 1960 to 1990) as measures of the human capital stock (“labor force quality”).  They 
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have this variable for only one point in time, so they cannot regress economic growth 

rates on changes in human capital stocks. 

 For the 31 countries with direct measures of school quality (internationally 

comparable tests), Hanushek and Kimko find that this variable is positive and statistically 

significant, and it causes the Barro-Lee average years of schooling variable to lose 

statistical significance.  They also check for endogeneity bias; perhaps this statistically 

significant relationship simply indicates that high income induces more investments in 

human capital.  The authors regress their school quality variable on several variables, 

including three that measure resources devoted to education (government spending per 

student, pupil-teacher ratio, and government spending on education as a percentage of 

GDP).  None of these variables has strong explanatory power, so they conclude there is 

little evidence for reverse causality. The paper also imputes values of school quality for 

countries that did not participate in the international tests, and finds similar results.  Their 

estimated impact is large; a one standard deviation increase in school quality (measured 

by test performance) increases the rate of economic growth by 1.4 percentage points. 

Hanushek and Woessmann (2008) expand Hanushek and Kimko’s results, using 

the Cohen-Soto years of education data (after adding 8 more countries) and updated test 

score data that include more developing countries (50 countries, of which 27 are 

developing countries).  They also examine a longer time period (1960 to 2000).   

As in Hanushek and Kimko, Hanushek and Woessmann find that years of 

schooling has significantly positive predictive power for economic growth when the test 

score variable is excluded.  But this impact falls by more than 90%, and becomes 

insignificant, when test scores are added, and the test score variable is highly significant 
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(adding it increases the adjusted R2 from 0.25 to 0.73).  This holds even when regional 

dummy variables and two policy variables (trade openness and protection of property 

rights) are added.  Overall, a one standard deviation increase in school quality is 

associated with a 1.3 to 2.0 percentage point higher rate of economic growth (this range 

reflects different specifications).  These results hold when the sample is limited to the 27 

developing countries: test scores have a large and statistically significant predictive 

power, but years of schooling does not.  They also find positive interactions between test 

scores and trade openness; human capital and good economic policies appear to be 

compliments in the growth process. 

 D. Studies Focusing on Sub-Saharan Africa.  A few studies have focused on 

economic growth in Sub-Saharan Africa, but only one focused on the impact of education 

on economic growth.  This subsection reviews three recent studies. 

 Easterly and Levine investigated the reasons for Sub-Saharan Africa’s relatively 

low economic growth.  They begin by regressing rates of economic growth (GDP per 

capita) on initial GDP per capita, log of years of schooling (Barro-Lee data), and several 

economic policy or economic condition variables.  Most variables have significant 

explanatory power, including a positive impact of years of schooling. They also include 

dummy variables for Sub-Saharan African countries and for Latin American countries; 

both are always negative and highly significant.   

 Easterly and Levine’s focus is on “ethnic fragmentation”, the diversity of ethnic 

groups found in most African countries. They contend that ethnic group tensions lead to 

bad policies, corruption and social unrest, all of which reduce economic growth.  When 

they add an ethnic fragmentation variable, it is highly significant, although both the Sub-
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Saharan Africa dummy and years of schooling variables remain significant.  They also 

present evidence that ethnic fragmentation reduces years of schooling. 

 Hoeffler (2002) examines the causes of Sub-Saharan Africa’s lower economic 

growth, as seen in significantly negative dummy variables for that region in many studies 

of growth.  She presents estimates similar to those of Mankiw et al., using several 

regressors, including the Barro-Lee years of education variable. 

 Hoeffler finds no significant impact of education (years of schooling) on economic 

growth using a sample with both African and non-African countries.  Yet her estimates 

have two serious problems.  First, she does not address problems of measurement error 

bias.  In particular, she does not instrument the education variable, which probably causes 

underestimation of its effect on economic growth (recall Krueger and Lindahl’s results).  

For recent evidence on measurement error in the Barro-Lee data, see de la Fuente and 

Doménech (2006).  Second, her instrumental variable and GMM estimates use lagged 

values of variables as their instruments, without discussion of the credibility of the implied 

exclusion restrictions.  

 Bloom, Canning and Chan (2006) examine the relationship between human capital 

and economic growth in Sub-Saharan Africa, focusing on higher education.  When they do 

not instrument their two education variables, average years of education and years of 

tertiary education, neither is statistically significant.  Yet when they use literacy rates to 

instrument average years of schooling and doctors per capita to instrument years of 

tertiary education, both have significantly positive (10% level) impacts on growth.  

Applying these estimates to their theoretical model, they estimate that an additional year 

of general schooling in the adult population increases economic growth by 0.6 percentage 
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points, while doubling the average years of tertiary schooling (from a tiny base) would 

raise growth by 0.1 percentage points.  

 While these results seem reasonable, the methods used have several shortcomings.  

First, only a few explanatory variables are used, so omitted variable bias could be a 

serious problem. Second, in their regressions some non-education variables are 

instrumented using their lagged values; as explained in Section II, such instruments are 

unlikely to be valid. Third, the instruments for the two education variables are 

questionable.  If literacy rates are partly based on individuals’ years of schooling (a 

common data collection practice), then measurement errors in years of schooling may 

affect the observed literacy rate, invalidating it as an instrument.  Similarly, using doctors 

per capita to instrument tertiary education may not satisfy the exclusion restriction; labor 

market policies that encourage doctors to stay in the country or convince them to leave 

are likely to influence economic growth in ways not accounted for by the other 

regressors, leading to correlation between the error term and doctors per capita.   

 To summarize this section, many studies that use cross-country data have found 

that the quantity of education (measured by enrollment rates or the adult population’s 

years of schooling) is positively associated with economic growth, but a few studies find 

little or no association.  Yet studies in the last 10 years that address the issue of 

measurement error bias (e.g. Krueger and Lindal, and Cohen and Soto) cast doubt on the 

studies that find no association. More recently, Hanushek and his coauthors provide 

evidence that the quality of education may matter more than the quantity.   

Given the econometric problems described in Section II, it is unlikely that precise, 

credible estimates of the impact of education on economic growth can be obtained from 
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cross-country data.  Indeed, most authors agree on this, including Topel (1999), Krueger 

and Lindahl (2001), Durlauf et al. (2005), Banerjee and Duflo (2005) and Pritchett (2006).  

 

IV. Another Look at the Data, Focusing on Sub-Saharan Africa 

 The literature review in Section III concludes that the evidence supports the 

hypothesis that education has a causal impact on economic growth, and that the quality of 

education may be the most important factor.  While this inference is quite intuitive and 

supported by most studies, econometric evidence from cross-country data cannot prove it 

to confirmed skeptics, due several econometric difficulties.  In our view, the evidence is 

fairly convincing, although we agree that cross-country regressions can never prove it, let 

alone yield precise estimates of the causal relationships.    

 This section addresses the following question: Do the cross-country data suggest 

that Africa’s poor performance in economic growth is due in part to its low levels of 

education, and more importantly due to its low education quality?  Using the studies in 

Section III as our starting point, we present evidence that this is indeed the case.  As with 

those studies, econometric difficulties imply that our results should be interpreted as 

somewhat persuasive, but not convincing; we do not claim to make substantial progress 

on the econometric difficulties discussed in Section II, except that we allow for more 

parameter heterogeneity by allowing the impact of education to differ in Sub-Saharan 

Africa.  Nonetheless, the evidence should be taken seriously, and when better data 

become available on school quality in Africa more can be learned about the impact of 

education and school quality on economic growth in Sub-Saharan Africa. 
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 Table 2 presents evidence from the 2003 Trends in International Mathematics and 

Science Study (TIMSS) that the skills learned per year of schooling are much lower in 

Sub-Saharan Africa than in other developing countries.  Of the 46 countries participating 

in the 2003 TIMSS, three were Sub-Saharan African: Botswana, Ghana and South Africa.  

The mean mathematics test scores of grade 8 students in these three countries were the 

lowest (South Africa), second lowest (Ghana) and fourth lowest (Botswana) of the 46 

countries that participated.  Thus a year of schooling in Sub-Saharan Africa appears to 

result in substantially lower learning than it does in other countries.  Indeed, a large 

literature in education and sociology has documented the low quality of education in 

developing countries, especially Sub-Saharan African countries, such as Levin and 

Lockheed (1993) and Bennell and Akyeampong (2007). 

 In fact, Table 2 may overestimate learning per year of schooling in Sub-Saharan 

Africa.  First, these three countries are strong performers relative to other Sub-Saharan 

African countries; the average secondary school gross enrollment rate in Sub-Saharan 

Africa in 2005 was 30% (World Bank, 2006), which is lower than the rates in Botswana 

(74%), Ghana (42%) and South Africa (90%).  Second, Sub-Saharan African countries 

have lower school enrollment rates than non-African developing countries, as explained 

above.  The school-age children in Sub-Saharan Africa who are enrolled presumably 

have better than average academic potential, so the impact of a year of schooling on an 

average youth in Sub-Saharan Africa is probably lower than the impact for those children 

who are enrolled, which is what the TIMSS data measure. 

 The data in Table 2 suggest that estimates of the impact of education on economic 

growth would be smaller in Sub-Saharan Africa than in other countries.  This is examined 
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in Tables 3, 4 and 5.  Table 3 re-examines the findings of Mankiw et al. (1992).  The first 

column replicates their basic results; investment in schooling appears to have a 

significantly positive impact on economic growth.  The second column adds a dummy 

variable for Sub-Saharan African countries; it is negative and highly significant, as other 

researchers have found.  The third column investigates whether this lower growth in Sub-

Saharan Africa could reflect lower returns to years of education by adding an interaction 

term between the Sub-Saharan African and the education investment variables.  The 

results are startling.  First, the coefficient on the dummy variable for Sub-Saharan Africa 

is much smaller (in absolute value) and statistically insignificant.  Second, the estimated 

impact of educational investment in non-African countries (0.678) is more than double 

that on Sub-Saharan African countries (0.273, i.e. 0.678 - 0.405), and this difference is 

statistically significant.   

The results in column 3 suggest that Sub-Saharan Africa’s low economic growth 

from 1960 to 1985 is entirely due to that continent’s lower returns on education 

investments.  One interpretation of this result is that it reflects lower school quality in 

Sub-Saharan Africa, as in Table 2.  Another is that government economic policies 

unintentionally reduce the rate of return to education.  Of course, both interpretations 

may be valid. 

Before concluding that lower returns to education investments explain virtually all 

of the lower economic growth in Sub-Saharan Africa from 1960 to 1985, one should 

check whether the impacts of population growth and physical capital investments are also 

different in Sub-Saharan Africa.  This is investigated in the last column of Table 3.  

When the impacts of fertility, physical capital investments and human capital investments 
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are all allowed to differ for the countries of Sub-Saharan Africa, none of the estimated 

differences is statistically significant, although a joint test that all are different is 

significant (p-value of 0.022).  Further investigation (not shown in Table 3) shows that 

differences in fertility impacts are never significant, but differences in the estimated 

impacts of human capital and physical capital are, by themselves, significant (and jointly 

significant), but when both interaction terms are in the same regression they are too 

highly correlated for either to be individually significant.  Thus while these regressions 

indicate that investments in education may explain Sub-Saharan African countries’ lower 

growth rates from 1960 to 1985, it may be that part (or even most) of the reason for this 

lower growth is lower returns to physical capital investments, which may reflect 

ineffective economic policies (see Collier and Gunning, 1999).  

Next, consider Barro and Sala-i-Martin’s most recent regressions (Barro and Sala-

i-Martin, 2004). They find, using three decades of panel data from 87 countries, that adult 

males’ years of secondary schooling has a significantly positive impact on economic 

growth.  The first column of Table 4 shows their estimates for this variable (to save 

space, other variables are not shown).  Our attemptes to reproduce their results by 

reconstructing their data set yielded estimates similar, but not identical, to theirs; our 

estimated impact of adult male secondary education is 0.0028 (second column of Table 

4), compared to 0.0036 in Barro and Sala-i-Martin. 

The remaining columns of Table 4 examine whether Barro and Sala-i-Martin’s 

regressions indicate that growth performance is different for Sub-Saharan Africa.  The 

third column adds a dummy variable for those countries.  That variable has a significantly 

negative coefficient, as was seen in the Mankiw, Weil and Romer regressions (Table 3).  
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There is little effect on the male schooling variable.  Column 4 excludes the Africa 

dummy variable but allows the coefficient on male education to differ for Sub-Saharan 

Africa.  The results suggest a significantly lower impact of education for those countries.  

Indeed, summing that coefficient and the general coefficient for all countries leads to a 

negative estimate of the impact of male secondary schooling on economic growth in Sub-

Saharan Africa, but this is not significantly different from zero.   

The last regression, in column 5, includes both the Africa dummy variable and its 

interaction with the male schooling variable.  While the dummy variable is still 

significantly negative, the point estimate of the impact of male schooling in Sub-Saharan 

Africa is larger than the general impact (i.e. the interaction effect is positive).  However, 

the interaction effect is insignificant, and the sum of it and the general male schooling 

variable (which measures the impact of male secondary schooling in Sub-Saharan Africa) 

is also insignificantly different from zero.  We conclude that while Barro and Sala-i-

Martin’s specification indicates that economic growth is lower in Sub-Saharan Africa, it 

cannot precisely estimate whether the association between education and economic 

growth is higher or lower in Sub-Saharan Africa than in non-African countries.  This may 

reflect the fact that the Barro and Sala-i-Martin data include only 18 Sub-Saharan African 

countries, compared to 34 for the Mankiw, Romer and Weil data. 

Finally, turn to the issue of school quality, in particular Hanushek and 

Woessman’s analysis.  The first two columns of Table 5 reproduce their basic results: 

schooling has strong explanatory power for economic growth, but when test scores are 

added to account for differences in skills learned, only the skills variable has significant 

explanatory power.  Columns 3 and 4 examine whether this explains Sub-Saharan 
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Africa’s lower economic growth.  Column 3 adds regional dummy variables to the 

regression in column 1; controlling for years of schooling both Sub-Saharan Africa and 

Latin America have significantly lower economic growth.   

When the test score variable is added (column 4), the results are striking: all 

regional dummy variables become much smaller (in absolute value) and none is 

statistically significant (nor are they jointly significant), while the test score variable is 

highly significant.  This provides further evidence that low school quality in Sub-Saharan 

Africa explains at least part of its lower economic growth.  Yet some caution is in order 

because only three of the 50 countries in Hanushek and Woessmann’s data are from Sub-

Saharan Africa (Ghana, South Africa and Zimbabwe), and recall that these three 

countries are above average performers in Sub-Saharan Africa in terms of secondary 

school enrollment.  Comparable data should be collected for many more Sub-Saharan 

African countries to assess whether this result holds when more African countries are 

included. 

 To summarize, Table 2 indicates that skills learned per year of schooling are 

lower in Sub-Saharan Africa than in other countries.  Tables 3, 4 and 5 reexamined the 

results of three highly influential studies to investigate whether Sub-Saharan Africa’s 

relatively low economic growth could be due to its apparent lower quality of education.  

Extension of the Mankiw et al. estimates suggests that Sub-Saharan Africa’s low 

economic growth from 1960 to 1985 is entirely due to lower returns education 

investments in that continent.  This could be due to lower school quality in Sub-Saharan 

Africa, but it could also reflect economic policies that reduce the rate of return to 

education.  A similar exercise with the Barro and Sala-i-Martin (2004) estimates indicates 
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that economic growth is lower in Sub-Saharan Africa, but the data yield only very 

imprecise results of the difference between the impact of education in African and non-

African countries.  Finally, adding regional dummy variables to the Hanushek and 

Woessmann (2008) specifications yields a significantly negative coefficient for the Sub-

Saharan Africa dummy variable when the test score variable is excluded from the 

regression, but when it is added that dummy variable becomes much smaller and 

statistically insignificant.  We conclude that the evidence in this section broadly supports 

the hypothesis that Sub-Saharan Africa’s lower economic growth is due, at least in part, 

to lower school quality in those countries, although given the econometric difficulties 

faced by cross-country regressions this cannot be demonstrated convincingly. 

 

V. Summary, Policy Recommendations, and Suggestions for Future Research 

 This paper has reviewed recent empirical studies of the impact of education on 

economic growth.  In the first decade after Barro’s influential 1991 paper, most (but not 

all) studies yielded estimates that, while subject to many econometric problems, 

supported the hypothesis that more education increases economic growth.  More careful 

research in the second decade (starting around 2001), which addressed problems of 

measurement error and omitted variable bias,6 also support this hypothesis.  The recent 

findings of Hanushek and Kimko (2000) and Hanushek and Woessman (2008) are 

particularly important because they provide evidence that variation in schooling quality 

may be more important for explaining variation in economic growth in both developed 

and developing countries than variation in the schooling quantity (variation in years of 

schooling).   
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Yet even these more recent studies face challenging econometric problems.  In 

our opinion, studies of this type cannot provide precise estimates of the causal impact of 

either the quantity or quality of schooling on economic growth.  Yet the relationships 

these studies have found provide fairly strong empirical support for the hypothesis that 

education has a sizeable causal impact on economic growth, and that the quality of 

education plays an important, perhaps even decisive, role.  That is, although the empirical 

growth literature cannot provide precise estimates of education’s impact on economic 

growth, and one cannot completely exclude the possibility that econometric problems 

may bias the results toward finding a strong causal relationship when none exists, the 

weight of the evidence clearly favors the existence of a sizeable causal impact of 

education on economic growth.   

Given this state of current knowledge, and that policymakers in Sub-Saharan 

Africa and elsewhere cannot wait another one or two decades for more evidence before 

making decisions, what policy advice can be drawn?  Our main result is that the low 

quality of education in Sub-Saharan African countries may have a sizeable negative 

effect on those countries’ economic growth.  Hanushek and Woessmann’s finding that a 

one standard deviation increase in school quality is associated with a 1.3 to 2.0 

percentage point increase in the rate of economic growth conveys the importance of 

school quality.  While Sub-Saharan Africa’s improved economic growth and large 

increases in school enrollment since 2000 may suggest that the lack of economic growth 

in Africa has been “solved”, this is not the case.  First, the rapid increases in school 

enrollment almost certainly have reduced school quality as schools become overcrowded 

and existing resources were strained.  Second, Sub-Saharan Africa’s recent high 
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economic growth partially reflects high prices for the primary products it exports, and 

these prices could fall in the future.   

 What can Sub-Saharan African countries do to improve school quality?  

Unfortunately, while there is some evidence on how to do this, much more must be 

learned (Glewwe and Kremer, 2006).  Both economists and other researchers have 

learned in recent years is that effective child health programs, especially during the first 

two to three years of life, can greatly increase student learning (Glewwe and Miguel, 

2008, provide a recent review).  Another recent lesson is that building more schools or 

providing more basic inputs such as textbooks may have little effect.  Better school 

management methods, such as providing incentives that reward teachers for student 

performance, may have more potential (Glewwe and Kremer, 2009, review recent 

studies).  Randomized evaluations are beginning to provide reliable guidance on what 

education policies increase learning, and much more will be learned in the next five to ten 

years.   

Finally, regarding future research, two avenues seem most promising.  First, as 

more Sub-Saharan African countries participate in internationally comparable studies of 

student achievement, more can be learned about the quality of education in Africa, and 

about the relationship between school quality and economic growth in African countries.  

Second, more microeconomic studies of the determinants of student learning in Sub-

Saharan Africa, using randomized trials and other approaches, are needed to provide 

useful advice to these countries on how to improve the quality of their schools. 



Table 1: Studies that Estimate the Impact of Education on Economic Growth 

Paper Dependent 
Variable 

Education Variables Other Variables Estimation 
Method 

Results 

Barro 
(1991) 

Annual growth 
rate of per 
capita GDP, 
1960-1985 

Primary and secondary 
gross enrollment rates in 
1960 

Per capita GDP, 1960 
Govt. consumption as fraction of GDP 
Revolutions and coups per year 
Assassinations/year 
Price index of investment goods 

OLS Both education 
variables have 
significant 
impacts in most 
regressions. 

Mankiew et 
al. (1992) 

Growth in 
GDP/worker, 
1960-1985  

Secondary school net 
enrollment rate × 
Fraction of pop. of 
second. school age, 
1960-1985 avg. 

GDP/worker, 1960 
Population growth 
Investment in physical capital 

OLS The education 
variable has a 
significant 
impact. 

Levine and 
Renelt 
(1992) 

Annual growth 
rate of per 
capita GDP, 
1960-1989 

Primary and secondary 
gross enrollment rates in 
1960 

Over 40 different variables OLS Only 2 of 40 
variables (neither 
are education) 
are highly robust 

Barro and 
Lee (1994) 

Per capita 
growth rate (10 
year periods), 
1965-1985 

Average years of 
secondary schooling of 
adults, age 25+ 

Initial GDP/capita 
Life expectancy 
Investment as fraction of GDP 
Govt. consumption as fraction of GDP 
Black market foreign exchange premium  
Revolutions and coups per year 

SUR, IV 
Separate 
equations 
for two 
10-year 
periods 

Male (female) 
secondary 
education had a 
significantly 
positive 
(negative) effect. 

Benhabib 
and Spiegel 
(1994) 

Growth in per 
capita income, 
1965-1985 

Human capital stock 
estimated by Kyriacou 
Barro and Lee’s 
average years of 
schooling of adults, age 
25+ 
Adult literacy rate 

Physical capital stock 
Labor supply 
 

OLS No significant 
impact for 1965 
educ. variables; 
only Kyriacou 
var. was sign. in 
1985.  Evidence 
of indirect effects. 
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Easterly and 
Levine 
(1997) 

Annual growth 
rate of per 
capita GDP, 
1960-1990 

Barro and Lee’s 
average years of 
schooling (of adults age 
25+) in the initial year of 
the 10-year period 

Dummy variables: 1960s, 1970s, 1980s 
Dummy variables: Africa and Lat. Am. 
Initial income (and its square) 
Assassinations/year 
Black market exchange rate premium 
Govt. surplus/deficit, divided by GDP 
Financial depth (liquid liabilities/GDP) 
Telephones/worker 
Ethno-linguistic fractionalization 

SUR 
Separate 
equations 
for three 
10-year 
periods 

The years of 
schooling 
variables has a 
positive and 
significant 
impact. 

Hanushek 
and Kimko 
(2000) 

Annual growth 
rate of per 
capita GDP, 
1960-1990 

Barro and Lee’s 
average years of 
schooling (of adults age 
25+) in 1960 
Average score on inter-
nationally comparable 
math and science tests 

Per capita income in 1960 
Annual population growth 

OLS Both education 
variables are 
significant when 
entered alone; 
only test scores 
are significant if 
both entered.  

Pritchett 
(2001) 

Annual growth 
rate in GDP 
per worker, 
1960 to 1985 

Change in Barro and 
Lee’s average years of 
schooling (of adults age 
25+)  
Also used Nehru and 
others (1995) estimate of 
same variable 
Internationally compara-
ble test scores 

Initial GDP per worker 
Growth in capital stock per worker 
 

OLS/IV 
Uses 
panel data, 
five 5-
year time 
periods 

No effect of any 
education 
variables on 
GDP growth. 

Krueger and 
Lindahl 
(2001) 

Annual growth 
rate of per 
capita GDP, 
1965-1985 

Change in years of 
schooling, based on 
Barro and Lee data 
Initial (1965) average 
years of schooling 

Per capita GDP in 1965 
Change in capital per worker 
Capital per worker in 1960 

OLS/IV Both initial 
education and 
change in 
education have 
significant and 
positive impacts 
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Hoeffler 
(2002) 

Growth in per 
capita GDP, 
1960-1990 

Average years of 
schooling at beginning of 
time period, from Barro 
and Lee data. 

Initial GDP per capita 
Investment in physical capital 
Population growth 

OLS and 
GMM 
Uses panel 
data, six 5-
year time 
periods 

Education has no 
significant effect 
in most specifica- 
tions; no effect in 
the preferred 
GMM estimates. 
 

Barro and 
Sala-i-
Matrin 
(2004) 

Per capita GDP 
growth rate (10 
year periods), 
1965-1995 

Average years of 
secondary schooling of 
adult males, age 25+ 

Initial GDP/capita 
Life expectancy 
Total fertility rate 
Govt. consumption as fraction of GDP 
Rule of law indicator 
Democracy indicator 
Change in terms of trade 
Investment as fraction of GDP 
Inflation rate 

3SLS with 
IV, using 
10 year 
panel data 

Adult males’ 
years of 
secondary 
education have a 
positive and 
statistically 
significant 
impact on 
economic 
growth. 
 

Sala-i-
Martin et al. 
(2004) 

Annual growth 
rate of per 
capita GDP, 
1960-1996 

Primary, secondary and 
higher education gross 
enrollment rates in 1960 
Public spending on 
education in 1960s 

Over 60 variables.  See their Table 1. Bayesian 
averaging 
of OLS 
estimates 

Primary enroll-
ment in 1960 is 
second most 
robust variable.  
No other educa-
tion variables are 
robust 

Bloom, 
Canning and 
Chan (2006) 

Growth in per 
capita GDP, 
1960-2000 

Change in years of 
schooling, based on 
Barro and Lee data, 
separately for primary, 
secondary and higher 

Change in physical capital stock 
Change in labor supply 
Change in population health 
Percent of land area in tropics 
Percent of land within 100 km. of ocean 

IV 
Uses 
panel data, 
eight 5-
year time 
periods 

Average years of 
education, and 
years of tertiary 
education, not 
significant for 
OLS, but IV are. 
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Cohen and 
Soto (2007) 

Growth rate in 
GDP per 
worker, 1960 
to 1990 

Change in years of 
schooling, using new 
data generated by authors 
Years of schooling, 1960 

GDP per worker in 1960 
Change in physical capital stock 
Physical capital stock in 1960 
Change in labor supply 

OLS/FE 
Uses 
panel data, 
three 10-
year time 
periods 

Their education 
variable has a 
significant and 
positive impact. 

Hanushek 
and 
Woessmann 
(2008) 

Annual growth 
rate of per 
capita GDP, 
1960-1996 

Years of schooling, 1960, 
from Cohen and Soto 
Mean score, internation-
ally comparable tests 

GDP per capita in 1960                                                                            
Trade openness (from Sachs & Warner) 
Security of property rights 

OLS Years education 
is significant if 
entered alone; 
only test scores 
are significant if 
both entered. 



Table 2: Grade 8 Mathematics Scores from 2003 TIMSS 

Developed Countries 
   Japan 570 
   United States 504 
   England 498 
  
Asia 
   South Korea 589 
   Malaysia 508 
   Indonesia 411 
   Philippines 378 
  
Sub-Saharan Africa 
   Botswana 366 
   Ghana 276 
   South Africa 264 
  
Latin America 
   Chile 387 
  
Middle East 
   Lebanon 433 
   Jordan 424 
   Iran 411 
   Egypt 406 
   Morocco 387 
   Saudi Arabia 322 

 
   Source: IEA (2004). 
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Table 3: Mankiw, Weil and Romer Regressions, Focusing on Sub-Saharan Africa 
(Dependent Variable: Growth in GDP per worker from 1960 to 1985) 

 
     
Constant 0.622 

(1.069) 
1.509 

(1.022) 
1.750* 
(1.001) 

1.249 
(1.058) 

     
Log(pop. growth) -1.745*** 

(0.416) 
-1.552*** 

(0.391) 
-1.343*** 

(0.391) 
-1.396*** 

(0.432) 
     
Log(capital invest.) 0.697*** 

(0.133) 
0.759*** 
(0.125) 

0.693*** 
(0.124) 

0.898*** 
(0.197) 

     
Log(educ. invest.) 0.654*** 

(0.073) 
0.407*** 
(0.093) 

0.678*** 
(0.143) 

0.551*** 
(0.164) 

     
Sub-Saharan Africa 
(dummy variable) 

- - -0.596*** 
(0.153) 

-0.073 
(0.261) 

4.482 
(3.006) 

     
Log(educ. invest.) × 
Sub-Saharan Africa 

- - - - -0.405** 
(0.165) 

-0.266 
(0.197) 

     
Log(pop. growth) ×  
Sub-Saharan Africa 

- - - - - - 1.439 
(1.132) 

     
Log(capitial invest.) × 
Sub-Saharan Africa 

- - - - - - -0.392 
(0.255) 

     
Joint significance test: 
   (F-statistic) 
 

    

   All 3 interaction terms - - - - - - 3.37 
[0.022] 

     
Sample Size 98 98 98 98 
Adjusted R2 0.779 0.808 0.818 0.822 
 
Notes: 
 

1. Statistical significance at the 10, 5 and 1 percent levels is indicated by one, two 
and three asterisks, respectively. 

2. These are all based on the Mankiw-Romer-Weil (1992) data, which cover the 
period from 1960 to 1985 and include 34 Sub-Saharan African countries. 

3. Standard errors given in parentheses.  P-values of joint tests (F tests) given in 
brackets. 
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Table 4: Barro and Sala-i-Martin Regressions, Focusing on Sub-Saharan Africa  
(Dependent Variable: Growth in GDP per capita from 1965 to 1995) 

 
 
 
Variables 

Original 
Estimates  

Replication 
of Original 
Estimates 

Add SSA 
Dummy 
Variable  

Interact 
Education 

and Dummy 

Interaction 
and Dummy 

Variable 
Coefficient on Male 
Years of Secondary 
Schooling 

 
0.0036** 
(0.0016) 

 
0.0028* 
(0.0016) 

 
0.0025* 
(0.0015) 

 
0.0027* 
(0.0015) 

 
0.0024 

(0.0015) 
      
Sub-Saharan Africa 
(dummy variable) 

- - - - -0.0160*** 
(0.0046) 

- - -0.0197*** 
(0.0066) 

      
Coefficient on Male 
Secondary Schooling 

- - - - - - -0.0116** 
(0.0058) 

0.0062 
(0.0080) 

× Sub-Saharan Africa      
      
Sample Size 241 186 186 186 186 
      
Number of Countries 87 62 62 62 62 
 
Notes: 
 

1. Statistical significance at the 10, 5 and 1 percent levels is indicated by one, two 
and three asterisks, respectively. 

2. Column 1 is taken from Barro and Sala-i-Martin (2004, Table 12.3).  The results 
in columns 2-5 are all based on the authors’ reconstruction the Barro and Sala-i-
Martin (2004) data, which contains 18 Sub-Saharan African countries.  The 
sample size is smaller than that of Barro and Sala-i-Martin; this reflects changes 
in the available data since those authors estimated their model and/or difficulties 
in identifying the data they used (the description in their book is incomplete). 

3. These regressions are from panel data that span three decades, with the unit of 
time being one decade. 

4. Other explanatory variables include intial GDP per capita, life expectancy, total 
fertility rate, government spending as proportion of GDP, a rule of law variable, 
an index of democracy (and its square), a measure of trade openness, change in 
the terms of trade, investment as a proportion of GDP, the inflation rate, and a 
dummy variable for former Spanish and Portuguese colonies. 
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Table 5: Hanushek and Woessmann Regressions, Focusing on Sub-Saharan Africa 
(Dependent Variable: Annual growth in GDP per capita from 1960 to 1996) 

 
 
 
Variables 

 
Original Estimates  

Adding Regional Dummy 
Variables 

Without test 
scores 

With test 
 Scores 

Without test 
scores 

With test 
 scores 

 
Constant 

 
2.785*** 
(0.376) 

 
-4.737*** 

(0.855) 

 
3.478*** 
(0.601) 

 
-2.959** 
(1.358) 

 
GDP per capita 1960 

 
-0.379*** 

 
-0.302*** 

 
-0.308*** 

 
-0.283*** 

 (0.089) (0.055) (0.072) (0.058) 
 
Years of schooling 1960 

 
0.369*** 
(0.114) 

 
0.026 

(0.078) 

 
0.231** 
(0.101) 

 
0.045 

(0.089) 
     
Test score (mean) - - 1.980*** - - 1.560*** 
  (0.217)  (0.308) 
Regional dummy 
variables 
 
Africa 

 
 
 

- - 

 
 
 

- - 

 
 
 

-2.119*** 

 
 
 

-0.747 
   (0.650) (0.584) 
 
Asia 

 
- - 

 
- - 

 
0.759 

 
0.397 

   (0.488) (0.395) 
 
Latin America 

 
- - 

 
- - 

 
-1.517*** 

 
-0.373 

 
 
Middle East 

 
 

- - 

 
 

- - 

(0.453) 
 

-0.782 

(0.426) 
 

-0.322 
 
 

  (0.560) (0.455) 

Sample Size 50 50 50 50 
 
Adjusted R2 

 
0.252 

 
0.728 

 
0.579 

 
0.733 

 
Notes: 
 

1. Statistical significance at the 10, 5 and 1 percent levels is indicated by one, two 
and three asterisks, respectively. 

2. These are all based on the Hanushek and Woessmann (208) data, which cover the 
period from 1960 to 1996 and include only 3 Sub-Saharan African countries. 

3. Standard errors given in parentheses. 
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Endnotes 

 

1 For details, see Durlauf, Johnson and Temple (2005, pp.576-577).  Note that γi will vary 

by t, and it does so because βi varies by t.  Following Durlauf, et al., we suppress the t 

subscripts on γi and βi. 

2 In their original article, Mankiw and his coauthors use β in place of the φ in equation 

(3).  Following Durlauf, et al., this paper uses φ and reserves β to denote coefficients in 

econometric equations.  

3 Durlauf et al. (2005) add a sixth problem: outliers.  This problem can be be minimized 

by using quantile regression methods, which are insensitive to outliers, or simply by 

dropping outlier observations. 

4 They also present a third criticism, but it is based on the assumption that the quality of 

schooling is the same in high and low income countries, which will be seen below to be 

extremely doubtful. 

5 Masanjala and Papageorgiou (2008) find a similar result for sub-Saharan Africa alone. 

6 See in particular the studies in subsection III.C. 


