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1. Introduction

Ever since Schultz’'s (1961) seminal article, investments in human capital have been widely viewed
as making a substantial contribution to economic growth. Rosen (1987) defines human capital can
as “the productive capacities of human beings as income producing agents in the economy” (p682).
Asiscommon in most of the literature on industrialised countries, he then goes on to equate it with
productive knowledge and skills, often provided by education. However, human capital could also
be widened to include physical capacities, which in turn depend on health and nutrition. Healthier
and better nourished people are likely to be more productive, being more able to supply labour and,
in some cases, having superior physical and - in some cases - cognitive abilities. In this paper we
focus on human capital in so far asit relates to health and formal education; we do not consider other
ways of accumulating human capital - notably training and experience.

Perhaps the most simple interesting theoretical framework in which to view the contribution of
human capital to economic growth is the augmented Solow model (Mankiw, Romer and Well,
1992). Income (YY) is determined by a simple Cobb-Douglas production function:

Y= AK® L°He ¢y

where the arguments of the production function are technology (A), physical capital (K), labour (L)
and human capital per unit of labour (H).

Accumulation of human capital fosters economic growth in the same way as accumulation of
physical capital:

dy dy dy

Under the assumptions of neoclassical growth theory, thiswould be a disequilibrium effect: a period
of catch-up, before the attainment of steady state at which per capita growth was determined solely
by exogenous improvements in technology. However, one could argue that sub-Saharan Africais
currently off the steady state path, making the disequilibrium analysis relevant. Given this simple
perspective, the two essential questions about the direct role of human capital in growth are the size
of the productive effects of human capital (dY/dH) and the determinants of its accumulation (dH).
Macroeconomic studies of growth have provided numerous estimates of the former, focussing on
education rather than health'. However, as yet the results are not robust and widely agreed (compare

! Schultz (1997) includes a macroeconomic analysis of the determinants of education and health.



the large positive effects of Gemmell, 1996, with the zero effect found by Pritchett, 1996, on
virtually identical data)®. In this paper we survey microeconomic evidence from sub-Saharan Africa
on both the productive effects of human capital and the determinants of investments in human

capital.

The structure of the paper is as follows. In section 2 we briefly define some concepts and sketch a
minimalist model of human capital accumulation at the household level. The more substantive
sections of the paper are the literature surveysin sections 3 and 4.

In section 3, we review the microeconomic evidence on the effects of education and heath on
income generation. The survey of the evidence on education (3.1) is much larger than that on health
(3.2) due to an imbalance in the literature. Estimating a production function such as that in equation
(1) would revea the productive benefits of human capital. However, although macroeconomists
often work with a single national production function, at the microeconomic level, different
industries are likely to operate on different production functions. Furthermore, even if industries
have common production functions, the marginal product of human capital may vary. In the Cobb-
Douglas case, it will be decreasing with the human capital and increasing with other factors of
production. The returns to education therefore may vary across industries, over time and across
countries. However, some uniformity may be expected if educated labour is allocated efficiently
across activities. Moreover, if households face similar discount rates and the market for investment
in human capita is perfect, one would expect investments in human capital to occur up to the point
where the returns equal those rates. We review estimates of production functions incorporating
human capital for small holder agriculture (section 3.1.1) and from manufacturing enterprisesin sub-
Saharan Africa (section 3.1.2). An aternative approach is to directly estimate the price of human
capital, for example, through earnings functions for the employed (section 3.1.3) and self-employed
(section 3.1.4). A third avenue of research would be to look at the effect of human capital on
household income (section 3.1.5). Such income functions might resemble equation (1), although they
are more of areduced form than a structural relation. A further complication is that production and
earnings functions at the microeconomic level, unlike the macroeconomic level, omit externa effects
of human capital. Very little work has been done on at the microeconomic level to estimate these
effects (section 3.1.6). The survey on the effects of education concludes with a discussion of whether
partial correlations with productivity reflect causality (3.1.7) and whether they may be interpreted
asrates of return (3.1.8).

In section 4, we turn to the determinants of human capital accumulation. Although many factors may
be identified we focus on four of particular relevance to policy: user fees (section 4.1.1), quality of
service (4.1.2), income (4.1.3) and gender (4.1.4). We also consider the interactions between human
resources. These include effects of health on education (section 4.2.1), effects of education on health
(section 4.2.2), effects of education on fertility (4.2.3) and intergenerational effects (4.2.4).

Although we focus on the direct effects of education, there may be important indirect effects on
technology, physical capital accumulation, labour supply and beyond. Endogenous growth theories

2 The conflict may arise because Gemmell includes both the stock and growth of human capital as determinants of
growth, whereas Pritchett includes only the growth of human capital. The stock and growth of human capital are
negatively correlated but entered jointly both have positive effects on growth.



open the possibility that human capital may affect the long run rate of per capita growth by fostering
technical progress (dA may be function of H). This seems plausible, although the argument does not
seem to have been satisfactorily laid out even theoretically, still less quantified empirically. The
endogenous growth theory which most explicitly focussed on human capita (Lucas, 1988) has since
been put aside by its creator since it depends on a new edge assumption about the accumulation of
human capital®. For sub-Saharan Africa, adoption of existing technologies may be of greater
importance than the discovery of new technologies but the process of adoption has attracted less
attention from growth theorists than that of innovation. Human capital may also play arolein the
accumulation of physical capital. For example, educated farmers may use more capital intensive
production, either because they have the necessary skillsto use it effectively or because education
provides the funds (via off-farm employment) for investment. Microeconomic work on agriculture
has addressed some of these issues, although there is not comparable work on other sectors. Health
and education also have important effects vialabour supply. Whilst education - like physical capital
- mainly raises the productivity of workers, the most direct effect of good health isto increase their
labour supply. Both education and health may affect population growth through their effects on
fertility and mortality. In Barro’s (1991) seminal cross country growth regressions, female education
raised growth in per capitaincome mainly by reducing population growth rather than increasing the
growth in national income per se.

The focus in this paper on the productive effects of human capital onincomeis not to deny the other
instrumenta and intrinsic benefits of education and heath. The intrinsic benefits are hard to quantify,
but some of the instrumental effects are readily quantified (if not easily vaued in money terms) and
have been estimated in the microeconomics literature. Some of these results are covered in section
4.2. Other effects - for example, the effects of education on good governance - are probably not best
studied at the household level.

2. Concepts and theoretical framewor k

In discussing education and health, one can distinguish the use of education and health services from
education and health outcomes. The extent to which individuals use education services is often
termed their educationa attainment and is commonly measured in terms of years of formal education
acquired”. Education outcomes may take the form of knowledge and cognitive skills acquired. They
may be at least partly measured in tests of academic performance and are often termed educational
achievement in the applied microeconomics literature. Some educational outcomes that affect
productivity (and preferences) may be non-cognitive®. Health outcomes are likely to be multi-

% The percentage rise in human capital was assumed to be proportionate to the time invested in human capital
acquisition. If instead there is a diminishing relationship, the model because equivalent to the augmented Solow
model; if there is an increasing relationship, growth is explosive (see Lucas, 1993)

* One may distinguish between levels of formal education - for example, primary, secondary and tertiary. Where
grade repetition is common, it may be important to distinguish between actual years spent in education and highest
grade of education acquired.

> Sociologists have noted the similarity between the requirements of the classroom and the factory-floor; for
example, discipline and acceptance of hierarchy, punctuality and working to timetable, teamwork. In a devel oping
country, education may increase peopl€'s achievement-orientation, with greater awareness of the possibility of
improvements in one's standard of living. There may also be a greater openness to new ideas and modern practices.
Against this, it is often argued that education leads to a disdain for agriculture, as students aspire to formal sector



dimensional and are difficult to measure, especialy in the absence of clinical measurement
(prohibitively expensive for those collecting household datain Africa)®. Mortality is an important
indicator of extreme ill-health at the national level, but fortunately israther rare and thus requires
large samples to analyse. Instead, household surveys have typically focussed on self-reported
indicators or on anthropometric measurements. Self-reported health indicators suffer from their
subjectivity. For example, illness is commonly found to be positively correlated with education and
income in surveys from developing countries. This may indicate the greater sensitivity of the
educated or more affluent to ill-health, rather than ill-health per se. Questions about physical
functionings (or Aactivities of daily living@) seem to suffer less from such biases, but often identify
only a subset of illness (eg back problems) and perhaps most useful for identifying variations in
health amongst the elderly. Anthropometrics - measures of weight and height - are most commonly
used for children. Although they measure size rather than health, they are thought to be closely
correlated with illness and are predictors of mortality. For example, a young child suffering from
repeated bouts of diarrheais likely to be wasted. The multi-dimensionality of health requires caution
in making empirical generalisations. Three examplesillustrate this. Child mortality appearsto have
fallen in Ethiopia during the Marxist regime (1974-91) despite worsening anthropometric indicators
(Mackinnon, 1995a). A survey of Uganda shows almost no correlation at a household between child
mortality, anthropometrics and reported illness (Mackinnon, 1995b). Strauss and Thomas (1995) cite
a health price experiment in Indonesia where increases in prices led to less health care utilization,
adeterioration in activities of daily living and more days limited by illness, but also reported better
general health and less morbidity.

Some insight into the effects of human capital and its accumulation can be provided by modelling
human capital as something produced by the household. Let us consider the health or education
inputs, S, which are demanded at least partly in order to generate productive human capital, H. In
the case of health, H could be regarded as health status; in the case of education, H could be viewed
as knowledge and skills. For smplicity, assume the household has a single member who maximises
the following utility function:

Q) U=U(H,L,S2Z)

where L is labour supply (a bad) and Z consumption of all other goods that do not contribute to
human capital. H and S enter directly in the utility function as they may be intrinsically desirable (eg
if H ishealth and Sisfood intake).

Utility is maximised subject to three constraints:

The first is a human capital production function: this could be "a health production function”
(Grossman, 1972) or an Aeducational production function@ (Hanushek, 1986). This is a
technological relationship - reflecting purely biological or educational processes - but the inputs are,
to a certain extent, choice variables. We denote this human capital production function as:

employment.
% For further discussion of the measurement of health see Behrman and Deolalikar, 1988; Strauss and Thomas,
1995).



2 H=H(ST;Q,d,L,m)
where:

household time devoted to human capital accumulation (eg at school; on health care)
the quality of the services S provided.

observable household characteristics (eg age, sex)

relevant community characteristics (eg the local health environment)
unobservable household characteristics (eg innate healthiness or intelligence)

BI_Q_,O—|

Other constraints include a wage function:
3 W=W(H;dl,a

where:
I relevant community characteristics (eg local infrastructure that affects demand for
labour)
a unobservable household characteristics such as ability

This presumably reflects a production function in which human capital is an argument alongside
more traditional factors. Indeed, the model can be easily extended to take account of household
production - for example, of agricultural commodities. In the empirical section, we investigate the
extent to which there are matching effects of education on earnings and production functions.

There is aso an income constraint: household can spend no more on goods and human capital inputs
than they earn in the labour market and in agricultural production.

(4 Z+P.S=W.L+V
where
V unearned income

Ps prices of services (price of Z normalised to 1)

Finally, thereis atime constraint with a fixed endowment of time, normalised at 1, being allocated
to labour, human capital acquisition and leisure, R.

) 1=L+T+R

Maximising (1) subject to (2), (3) and (4) yields reduced form demand functions for human capital
(health or cognitive skills) of the form:

(6) H=H (P, V,d I L,a,n

It should be noted that the reduced form demand for human capital inputs, S, will be afunction of
the same exogenous factors. This theoretical framework providesinsights into the modelling of both



the determinants of H and S; and their consequences. First, the endogeneity of wages with respect
to H and the fact there is an opportunity cost of S in terms of time, implies that there may be
problemsin modelling H or S as functions of income. Secondly, the fact that ais present both in the
reduced forms and in the earnings functions makes interpretation of correlations between H or Sand
wages problematic. It may bethat H (or S) realy do raise wages or dternatively, the correlation may
simply arise because they are both determined by a. For example, are educated well people more
productive or were did they simply have higher pre-existing ability. The framework also suggests
solutions to these identification problems. For example, the effect of human capital on wages could
be instrumented by the price of services. In practice, thisis not always done, partly for data reasons
- for example, studies of the effect of education on wages or productivity, typically regard education
as predetermined. Endogeneity problems are regarded as more serious when decisions about S have
been taken more recently - for example, in studying the effect of nutrition on wages and productivity.

3. Effects of education and health on income gener ation
3.1 Evidence on the effects of education

3.1.1 Agricultural production functions

Phillips (1994) surveyed 56 studies which included education as a determinant when estimating
agricultural productions using farm-level cross-sectional data from devel oping countries. He reported
that on average, four years of farmer education is associated with a 6.1% increase in agricultural
production (where the average was calculated weighting study estimates by the inverse of their
standard errors)’. However, this literature survey includes only two data-points from Africa: both
from the early 1970s and both with zero or negative effects of education on agricultural productivity
(Hopcraft, 1974; Moock, 1981). Appleton and Balihuta (1996) review afurther nine African studies,
concluding that the estimated effects of education are typically insignificant although often large in
size. Table 1 presents quantitative information on the ten African studies from which the effect of
four years of education and its standard error could be estimated®. The estimates are all derived from
agricultural production functions where alogarithmic dependent variable is regressed on the logs of
various inputs (land, labour, purchased inputs and/or capital) with schooling entering as a shift
variable but are not fully comparable®. The educational variables differ across studies (for example,
in whether it is the head' s education or the education of all farmers that is referred to) and do not
always permit an exact estimate of the effect of four years of schooling™. As the supplementary

" Although an unweighted average would also be unbiased, this weighting provides a more efficient estimator.

8 The study by Gurgand (1993) is omitted since it does not control for labour input; that by Aguilar and Bigsten
(1994) is omitted because it perhaps inappropriately controls for off-farm income and uses the same data-set as
Bevan, Collier and Gunning (1989).

® The preference for a semi-logarithmic functional form over, for example, afully logarithmic one, does not seem to
be the result of empirical testing. Instead, it may be because it more easily accommodates the many observations of
zero education.

19 Weir (1999) provides an example of the complexities. In Table 1, we report arelatively large effect of the most
educated farmer having 4-6 years of education, but in an alternative specification, the effect of years of farmer
schooling is insignificant with a coefficient of 0.01. This partly reflects a non-monotonic effect of education and may
also reflect a divergence between the effects of the education of the most educated and that of average education.



information in Table Al shows, the surveys also vary in terms of dependent variables and control
variables. Only one study, Appleton and Balihuta (1996), used a nationally representative survey.

Taking the mean of the estimatesin Table 1, weighted by the inverse of their standard errors, four
years of farmer education is associated with a 10% rise in agricultural production. Thisfigureis
higher than the developing country figure reported by Phillips. The standard error of the estimate is
0.032 and one can reject the null hypothesis that it is statistically significant from zero at the 2%
level. We focus on the impact of four years of primary schooling - often thought to the minimum
required for functiona literacy - as this may be most important in terms of raising educational
productivity. In practice, few studies explore this'. Appleton and Balihuta (1996) and Weir (1999)
find some evidence of this for Uganda and Ethiopia. Indeed, Weir finds non-monotonic effects of
education - with more than seven years of schooling being associated with lower productivity.
Appleton and Balihuta find insignificant effects of secondary schooling on farmers. However, the
African evidence is insufficient to support strong generalisations about how the impact of education
varies with its level. Revisiting the data analysed by Appleton and Balihuta (1996), Appleton
(forthcoming 2000) found that the size of the effect of education on agricultural productivity in
Uganda was highly sensitive to the measurement of labour in the production function. The results
of Appleton and Balihuta were obtained when labour was measured in number of people working
on the farm. However, when an estimate of the number of hoursin ayear worked on the farm was
used instead, the return on secondary education increased dramatically - from an insignificant 2%
per average year of farmer secondary education to a highly significant 5.6%. The study found that
in Uganda, education - particularly secondary education - was associated with a reallocation of
labour from the farm to non-farm self-employment and wage employment. This reallocation is not
fully controlled for by measuring labour only in workers and not worker hours. Hence, controlling
only for number of workers on the farm it appears that farmer secondary education has no effect on
productivity when in fact it smultaneously raises productivity and lowers hours worked. More
generaly, not controlling for hours worked is likely to under-estimate the effect of education on
productivity. There are other possible downwards biases. By controlling for inputs, the estimates
do not include any allocative benefits of education in terms of leading to a better mix of inputs™. In
Appleton and Balihuta (1996) find that not controlling for capital and purchased inputs raises the
estimated impact of four years of primary education from 7% to 10%. Ram and Singh (1986) find
that omitting al other variables, the effect of average years of schooling on agricultural earningsrises
by 22%. However, no such effect was found in Ethiopia (Weir, 1999).

! The evidence is also unclear on whose education matters. Appleton and Balihuta find that it is the education of all
adult household members working on the farm, women and men equally, that matters in Uganda. However, they
obtain the same estimates of the impact of education whether it is defined in thisway or simply as the education of
the household head. Weir finds that the education of adult non-farming has an equal, if not greater, impact in rural
Ethiopia whilst the education of the household head appears to have no effect. Ram and Singh (1986) find that
average education in the household has the largest direct effect on productivity, whilst education of the household
head may work viaincreasing other inputs.

12 For example, Bingswanger, Khandker and Rosenzweig (1993) find that primary education raised agricultural
output in Indialargely through an increase in fertiliser demand. Croppenstedt, Demeke and Meschi (1998) using data
from a 1994 fertiliser marketing survey of Ethiopiafound that literate farmers are more likely to adopt use of
fertiliser than those who are illiterate, though the quantity of fertiliser demanded does not depend on literacy.



A possible upwards bias in the estimated effect of education is the publications process. It is easier
to publish significant positive results and often insignificant or negative estimates may not be
reported (for parsimony or to suppress a perverse result). The wholly insignificant and near zero
estimate by Owens is an example of aresult which - quite reasonably - might not be reported in a
published analysis of the data and was kindly provided on request of the author.

3.1.2 Manufacturing production functions

Appleton et al. (1999) include education as a factor in production functions estimated for
manufacturing enterprises in the early 1990s in Cameroon, Ghana, Kenya, Zambia and Zimbabwe
(Table 2 refers). The mean estimate of the effect of an extra year of education on manufacturing
output is 3%, after weighting by the standard error of the estimates. The standard error of this
estimate is 1.1, making it significantly different from zero at the 5% level. The authors note that the
return to physical capital implied by their production functions is much higher, at over 20%. They
also note that worker education does not vary much across the countries in the sample and hence can
explain little of the substantial differencesin productivity.

3.1.3 Wage earnings functions

Table 3 reports estimates of the effects of education based on earnings functions estimated for data-
sets for sub-Saharan African from 1980 onwards. In al cases, the estimates come from semi-
logarithmic earnings functions of the form:

LnW =a +ShS +gA + gA*+dZ

where S represents education of level j; A represents age or experience; and Z represents control
variables such as sex.

The results are not fully comparable. Those from enterprise surveys will tend to cover a sub-set of
employees; some household surveys are not nationally representative. There is some evidence that
including rural areas may have a marked effect on estimated returns to education. Appleton et al
(1996) report returns to primary schooling in earnings functionsin rural Cote d'lvoire that are around
half those reported by Schultz (1993) for earnings functions run on rural and urban areas combined.
The specification of the effect of schooling varied between studies: some used years of education
of agiven level; others used dummy variables for attainment of some (or complete) education of that
level. Where dummy variables were used, the effect of ayear of education of level | was estimated
as (exp(b;)-1)/3where Jis the number of years of education needed to complete level j. Studies also
differed in the control variables used, although they were generally parsimonious.

Where results are reported separately by sex, we obtain a study average weighting by the proportion
of employees of the relevant sex'®. The mean effect across the 28 studies of a year of primary

3 In the main text, we report study averages, possibly over-representing countries such as South Africawhich have
been studied several times. However, if we take country averages (so that two studies of the same country are each
given a 50% weight) the results are similar to the study averages. In particular, the mean effect of primary education
is 5%; that of (lower) secondary schooling is 14%; and university 33%.



schooling isto raise earnings by 5%; the median effect is 4%. For secondary schooling (or just lower
secondary schooling when results are divided into upper and lower), the mean effect is 14% and
median 12%. There are only seven estimates of the effects of upper secondary schooling - with a
mean of 16% and amedian of 14%. There are Sixteen estimates of the effects of university education,
with a mean effect of 37% and a median effect of 30%. It should be noted that the latter may be
generous, since effects were often estimated from dummy variables for university education on the
assumption that university education lasted only three years when in fact students may take longer
to finish their courses. Clearly one must be cautious about how much weight are placed on averages
of studies conducted in different locations, at different times and with differing quality of data. There
is considerable variation in the estimates, with the effect of primary schooling having a standard
deviation of 4% and that of secondary schooling having a standard deviation of 6%. However, that
the effects of education rise with the level of education isafairly genera finding. In only one study
(Bigsten and Kayizzi-Mugerwa on Uganda), is the effect of primary schooling greater than that of
secondary schooling; in only two studies (Schultz on Cote d'lvoire; Khandker and Mason on
Tanzania), isthe effect of secondary schooling greater than that of university.

Oneissue isthe extent to which returns to education have been changing over time. Table 3 provides
little evidence of this. Regressing the estimated effects of education on atime trend yields wholly
insignificant results for each level of education. Few studies have looked at changes in returns to
education in particular African countries over an extended period. Appleton, Bigsten and Kulundu
(1998) looked at the effect of education on earnings of manufacturing workers in Kenya using data
for 1978, 1986 and 1995. They find the Mincerian returns to primary education have fallen from
10% in 1978 to 2% in 1995; the returns to secondary schooling have fallen from 34% to 12%; the
returns to university have not fallen and may have increased. Moll (1996) reports that returns to
primary education for Africansin South Africafell from 8% in 1960 to 3% in 1975. Theregfter, they
remained fairly constant. Two studies covering much shorter periods of time have not observed falls.
Krishnan, Selassie and Dercon (1998) find no significant changes in returns to education in Ethiopia
in the period 1990-1997. Canagarajah and Mazumdar (1997) find arise in the returns to education
in Ghana, particularly post-primary, between 1987 and 1991.

3.1.4 Earningsfrom non-agricultural self-employment

Table 4 reports estimates of the effect of education on earnings from non-farm self-employment from
seven studies of sub-Saharan African countries. The number of studiesis small and the various
specifications used not strictly comparable, so the mean estimate across the studies may not be
reliable. The mean increase in self-employment income associated with an extrayear of education
IS 7% at the primary level and 12% at the secondary level. These averages are fairly comparable with
those given above for earnings in wage employment. Furthermore, in amost all studies, returnsin
wage employment are also estimated and found to be comparable to those in non-agricultural self-
employment. The higher return to secondary education is somewhat less apparent in self-
employment than wage employment, perhaps because secondary education plays more of asignalling
role than primary education. In particular, access to state secondary schooling in Africa (and some
private schooling) istypically rationed by performance in a primary-leaving examination. Primary
education is more commonly open access, although lack of availability is still a problem in some
rural areas (for example, parts of Ethiopia- see Weir, 1998).



3.1.5 Income and consumption functions

Although the returns to education in different activities are informative, they may miss important
effects of education in allocating individuals across activities. Useful summary information can be
given by relating the per capitaincome (or consumption) of a household to the education of its adult
members. In a multivariate analysis controlling for other parental background, personal
characteristics, demographics, land holdings and location, Appleton (1995¢) found significant
positive relations in both rural and urban areas of Uganda using data from 1992. Each year of male
primary education per adult equivalent was associated with a 2% increase in household consumption
per capita, ceteris paribus. For secondary schooling, the corresponding figure was 8%. Female
primary education had twice as powerful an effect; female secondary schooling had a similar effect
to male secondary schooling. However, Glewwe (1992) found no relation between education and
economic welfarein amultivariate analysis of rural areas of Cote d'lvoirein 1985-86 (in urban aress,
an effect was found).

Appleton (1992) estimated reduced form models of household income based on rural household
surveysin Kenyain 1982 and Tanzaniain 1983. Adult education significantly increased incomes
only in Kenya. In that country, female primary schooling and male secondary schooling were of
particular importance. The effects were large. Ceteris paribus, if a male head had five Forms of
secondary schooling, household income is predicted to rise by roughly the sample mean income. If
the senior female had eight Standards of primary schooling, the rise would be roughly two-thirds of
the sample mean income. One reason why education has more effect in Kenyathan in Tanzania may
be the more developed labour markets in the former country. In the Kenyan data, 14% of male
household heads and 2% of senior females listed non-agricultural employment as their main
occupation; in Tanzanian survey, the corresponding figures were 5% and 1%. These higher levels
of forma employment in Kenya may explain the greater impact of education, assuming the returns
to education are highest in such work. The gender gap in formal employment participation observed
in thefigures for Kenyamay aso help to explain why the type of schooling that is significant varies
by gender. Secondary schooling islikely to be particularly important in raising earnings from formal
employment, which males are more likely to engage in.

Coulombe and Mackay (1996) use household survey data from Mauritaniain 1990 to analyse the
effect of education both on the type of primary activities engaged in by households and on returns
within those activities. Households were classified into four socio-economic groups - non-working,
wage employees, agricultural households and non-farm self-employment - based on the which
activity household members devoted most of their time to. In rural areas, the education of the
household head did not significantly affect the type of primary activity of the household. Modern
schooling also had insignificant effectsin rural areasin multivariate analysis of the determinants of
living standards of each working socio-economic group. Koranic education had a significant positive
effect on agricultural households. In urban areas, education of more than five years lowered the
probability of the household being classified as non-working. Conversely, schooling had strong
effects on urban households primarily engaged in wage employment and self-employment.
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Simple reduced form models of household income or consumption provide straightforward
information on the overall effects of education. For some data-sets - such those from Cote d’lvoire,
Tanzania and Mauritania - there is some evidence that the effects of education on rural livelihoods
are weak and insignificant. Consequently, focussing discussion on rates of return based on samples
of urban wage employees may greatly overstate the effect of education on productivity in a country
as awhole. For other data-sets such as that from Uganda and Kenya, effects of education on rural
living standards do not differ so much from conventional rates of return estimates. From the
agricultural production functions presented in Table 1, thisis not because education in those samples
has a particularly strong effect on agricultural productivity. Instead, the finding presumably reflects
the greater importance of education in those samples in securing access to off-farm income.
However, more work is required to confirm this interpretation.

3.1.6 External income benefits of education

By focussing only on the effects of own education on own wages or productivity, most
microeconomic studies cannot estimate the possible external benefits from the education of others.
In the context of agriculture, one approach is to see how the education of neighbouring farmers
affects productivity. Both Appleton and Balihuta (1996) and Weir (1999) find that these external
benefits appear large although they do not control for many community-level variables which might
be correlated with community education. In Appleton and Balihuta (1996), a one year rise in the
average primary schooling of neighbouring farmers is associated with a 4.3% rise in output
compared to a 2.8% effect of own farmer primary education. In Weir (1999), the figures are reported
to be 56% and 2% respectively. The 56% return seems rather high and may reflects exceptionally
large differentialsin productivity between the sitesin the sample used™. A related exercise by Jones
(1998) examined neighbourhood effects in urban Ethiopia, but stopped short of estimating the effect
of neighbours' education on own income.

Some external effects of education may not be confined to particular neighbourhoods:. for example,
if education promotes good governance or improves technology at the national level. In these cases,
these effects cannot be estimated by cross-sectional micro data. Doyle and Weale (1994) make the
suggestion that these effects could be estimated as the difference between macroeconomic and
microeconomic estimates of the returns to education. They conclude that thereis little evidence of
such effects at a global level, as from their survey of the literature, microeconomic estimates of
returns typically exceed macroeconomic estimates. More comparative micro/macro work on this area
may be fruitful as both sets of empirical literature - macroeconomic on growth and microeconomic
on education are till relatively young, especially for sub-Saharan Africa.

3.1.7 Signalling and ability bias

Interpreting the association between education and economic outcomes is problematic because of
concerns that positive effects of education may not reflect effects of education but correlations with

% In asimple production function controlling for household level variables, dummy variables for different sites
indicate that productivity differs by afactor of 22 between the site with the most favoured community characteristics
and the least favoured site (equation 2, Table 2, Weir, 1999).

11



omitted variables such as pre-existing ability, parental background or good land quality (for example,
in the model in section 2, the unobservables a appear in both equations 3 and 6). One hypothesis -
credentialism - disputes any link between education and productivity. The educated are paid more
despite not being more productive than the uneducated. This seems a priori unlikely behaviour, at
least by private employers. It has also been challenged empirically by the close match in the effects
of education on wages and productivity found in manufacturing enterprisesin five African countries
by Appleton et al. (1999)"°. A weaker hypothesis is that of screening: educated workers are more
productive but only because they have higher pre-existing ability.

Some doubt has been thrown on the screening hypothesis by an influential study of wage employees
in Kenya and Tanzania (Boissiere, Knight and Sabot 1985). This found that wages were more
strongly related to performance on tests of cognitive skills acquired at school (literacy and numeracy)
than to atest of reasoning ability designed to be independent of schooling (Raven's progressive
matrices). However, only half the conventional effect of education on wages could be attributed to
cognitive skills; the remainder was unaccounted for. Similar studies have been conducted using data
from Ghana 1988/89 (Glewwe, 1996) and South Africa (Moll, 1998). Glewwe (1996) found
schooling to have a via mathematics and reading skills of the order of 3-6%, with the effect varying
by age, location and sector. This compares with a 7% effect direct effect of schooling as estimated
by a conventional OLS earnings function. Moll (1996) found tests of computation, but not
comprehension, raised wages. However, these test scores appeared to account for only 30% of the
effect of education on wages.

Signalling theories are not directly applicable to self-employment, but nonetheless, more general
doubts about the causal effects of education may exist there. Two studies of Kenya and Tanzania
estimate the effects of cognitive skills (literacy and numeracy) on agricultural production controlling
for pre-school reasoning ability as measured by Raven’s progressive matrices (Pinckney and Kimuyu,
1995; Husbands, Pinckney and Kimuyu, 1994). They find athreshold level of cognitive skills does
significantly raise output and that schooling raises cognitive skills. Their results imply that if the
household decision maker has completed primary school, agricultural production would be 10%in
Kenya and 18% higher in Tanzania'®. Given that complete primary schooling is assumed to take
eight yearsin their analys's, these returns are similar to averages reported in Table 1. These findings
do not fully deal with the possible endogeneity of schooling but do provide some evidence that
schooling effects may arise through cognitive skills controlling for one measure of ability.

3.1.8 Proportional effects on productivity asratesof return

In order to decide whether a given estimate of the effect of education islarge in economic terms, a
useful interpretation is that of Mincer, whereby percentage effects of ayear of education on wages
can be viewed asrates of return. Thisinterpretation holdsif the cost of ayear of educationisayear's
wages and if the effect is assumed to persist for infinity. Percentage effects of ayear of education
on Cobb-Douglas production functions (whether agricultural or manufacturing) can be similarly

5 This observation - based on the Ghanaian data - was first made by Jones (1994).

16 The figures reported are the author’s own cal culations assuming no other educated household member. In Kenya,
attending primary school has a direct negative effect on agricultural production controlling for the positive effect via
cognitive skills: without this effect, the impact of primary education would be more than twice as large.
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interpreted if wages are assumed to equal the marginal product of labour®’. Under the Cobb-Douglas
production function, the marginal product is proportional to the average product. Consequently, if
wages equal the marginal product of labour, the percentage effect of ayear of education on output
is also the percentage effect on wages, ie aMincerian return. As aformal example, the proportionate
effect of human capital on output in equation (1) is:

(dY/dH)/ Y=g/ H 3)

This is aso the proportionate effect on the marginal product of labour, since marginal products
proportionate to total products:

dY/dL=(a+g)Y/L (4)

Thus equation (3) will also give the proportionate effect on wages, if wages equal the margina
product of labour. Assume the cost of education is the wage and benefits accrue to infinity. The net
present value, NPV, of education is given by:

NPV = -W+ (dW/ dH) / (1+ r )+ (dW/ dH) / (1+ r )*+...
=-(a+g)Y/L+(@W/dH)/r ()

We know the effect of human capital on wages, dW/dH, is given by (3) multiplied by (4), hence for
-(a+g)Y/L+(a+g)(Y/L)(g/H)/r=0 (6)

the NPV to equal zero, we need:
In other words, that the rate of return on human capital, r, equals the proportionate effect of
education on output, gH.

Despite these arguments, the productions functions and earnings functions estimatesin Tables 1, 2
and 3 appear to be of different magnitudes. The agricultural and manufacturing production functions
estimates are similar: an extra year of education having to a 2.5% and 3% return respectively.
However, they are evaluated at different average levels of education: the calculation for agriculture
is for four years of primary school; in the manufacturing production functions, the mean level of
worker education in the manufacturing estimates is around eight to nine years, with relatively little
variation (around a standard deviation of around two years). However, both sets of production
functions estimates are markedly lower than the earnings function estimates. Even primary schooling
appears to have a 5% return in the earnings functions, compared to the 2-3% return to schooling in
the production functions. Moreover, secondary schooling has a 14% return and tertiary education an
even greater return.

7 The Cobb-Douglas assumption is not rejected for any of the five countries studied in Appleton et al. (1999). Jones
(1994) could not reject the hypothesis that workers are paid their marginal products in the enterprise data for Ghana.
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Appleton et a (1999) directly compare the returns to education in African manufacturing enterprises
as estimated in earnings and production functions'®. They report aweighted average to education of
8% in the earnings functions (Table 5) - far in excess of the 3% implied by the matching production
functions (Table 7). However, the lower value for the production function does not seem to represent
afundamental discrepancy between the productivity and earnings data. When earnings functions
are estimated at the firm-level with firm-level controls such as the capital-labour ratio, the return to
education falls from 8% to 2%, very close to the 3% figure in the production functions (see Table
11 of Appleton et al, 1999)*°. Instead the discrepancy is partly due to the failure of conventional
earnings functions to control for firm-level variables such as the capital |abour ratio. More educated
workers tend to be employed in more capital intensive firms. However, thisis not the full story -
estimating earnings functions at the worker level produces much higher returns to education (7%-
9%) even after including firm level controls or firm fixed effects. Estimation at the firm-level may
understate the returns to schooling, perhaps by reducing the variance in the education measures and
increasing the multicollinearity with firm level variables such as capital. After due attention to
specification issues, Appleton et a (1999) imply that the returns to education in manufacturing are
comparable whether estimated from production functions or wage earnings functions.

It iswidely assumed that returns to education are lower in agriculture than in off-farm activities. A
comparison of the above estimates from the agricultural production functions and wage earnings
functions would seem to support this assumption. However, this may be premature. Asin the case
of African manufacturing enterprises discussed above, the treatment of enterprise-level controls -
such as enterprise capital - may be one source of difference. Furthermore, Appleton (forthcoming)
reports a remarkable similarity in estimates of the effects on education on earnings from farming,
non-farm salf-employment and wage employment in Uganda. Increasing the average years of worker
education by one has the same effect on farm productivity and wage earnings (4% in the case of
primary education; 6% in the case of secondary education). The Uganda case suggests that returns
to education in agriculture may tend to be understated when hours of Iabour input are not properly
controlled for.

A key limitation to the Mincerian interpretation is the assumption that the cost of ayear of education
isayear’'s wage. On the one hand, this might over-estimate the opportunity cost of education. For
younger children, the opportunity cost of their labour is likely to be substantially less than an adult
formal sector wage. Even for young adults, if not in school, they may be unemployed or engaged in
activities with much lower returns than formal sector wage employment. On the other hand, the
Mincerian assumption, completely neglects the direct pecuniary costs of education - both in private
costs (fees) born by the user and in social costs (educational subsidies) born by the government.

18 Although the Appleton et al (1999) paper covers only five data-sets, it should be noted that the earnings functions
estimates it produces are generally in line with those in Table 3. The mean Mincerian returns to education in the five
data-sets used in Appleton et a (1999) are 3% for primary, 14% for secondary and 43% for university. These results
arein line with the study average from Table 3.

19 Whether rates of return should control for firm-level variables such as the capital-labour ratio is amoot point.
From the point of view of an individual deciding to invest in their own schooling, such controls are inappropriate.
Whether they are appropriate for estimating the socia return to education depends on whether the controls are
exogenous to education - for example, on whether educat