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Abstract: The conjectures examined are that: (i) advances in the medical knowledge
are likely to have comparatively little (resp. considerable) impact on the rate of the
growth of gross domestic product per capita (GDPPC) in a poor developing country
iIf economic institutions are weak (resp. adequate); (ii) apparently strong economic
institutions will have comparatively little (resp. considerable) impact on this rate of
economic growth in this country if previously the level of health had not been (had
been) raised to a minimum threshold level. The (limited) evidence presented
indicates that the contribution that advances in medical knowledge are likely to
make, in raising the rate of growth of GDPPC in developing counties, appears to be
constrained at least by the level of economic institutions present in the country
concerned.



1. Introduction

A good case can be made for the view that one of the most important contributions
made towards improving the level of well-being attained by the societies of the world in the
last one-and-a-half centuries or so have been the major advances in the understanding of
the causes of major killer diseases. The discoveries that were made in this area of
scientific endeavour, from about 1850 on, lead to the prevention, or the containment and/or
the treatment of many of these diseases. For instance, fundamentally important insights
resulted from the scientific work by: John Snow and Robert Koch into the causes of water-
borne intestinal diseases; Alphonse Laveran, Ronald Ross and Giovanni Grassi regarding
the causes of malaria; Jesse Lazear, James Carol and Walter Reed with respect to the
causes of yellow fever." These various advances in medical knowledge each made a
contribution towards increasing the level of life expectancy for members of the societies of

the world.?

At this juncture the question may be posed immediately: did the application of these
advances (and any relevant subsequent advances) in medical knowledge and the resulting
increase in the level health in the last century and a half or so make a useful contribution
towards increasing the level or the rate of growth of gross domestic product per capita (at
constant prices) (GDPPC) in any developing country? The answer to this question clearly
has some relevance for the design and implementation of science (or more particularly

health) policy in developing and developed countries.

[In passing it is emphasised that this class of question is not new. For instance it was
asked, implicitly at least, by Balfour and Scott (1924: Part 3, Ch. 4) in a chapter in their
book (concerned with public health issues in the British Empire and elsewhere). The

relevant chapter is entitled: ‘The Financial Aspect of Public Health’.]

Naturally the potential answer to the question posed should not be the sole

consideration that influences public health policy in developing countries. A community

" No doubt the names of others could be added to those just listed in the main text. For a series of articles,

edited by Cunha (2004), that surveyed the history of the medical discoveries relating to the causes of a wide

range of major killer diseases see Infectious Disease Clinics North America, Vol. 18.

2 The improvement of the level of nutrition in the societies of the world also would have made a contribution to raising
the level of health in these societies — as is argued, for instance, by McKeown (1976) and Fogel (2004). (How much
of a contribution is open to debate. Grundy (2005) provides an assessment of this debate within the context of British
demographic history.) This matter receives little attention in the main text, however.



may hold the view that, on ethical grounds, all of its members should have access to the
basic preventative and curative health care that is required to ensure that, wherever
feasible, all in this community attain a reasonable level of health. This ethical belief, no
doubt, has contributed towards motivating the application of relevant medical knowledge in
developing countries. That said the case for applying this knowledge in developing
countries presumably would be strengthened if reliable empirical evidence could be
identified that demonstrated that this action, and the resulting increase in the level of health

also contributed towards raising the level of GDPPC for at least some developing countries.

On turning to consult the contemporary relevant literature that explicitly or implicitly
addresses the question posed earlier, it is clear that there is no answer that receives broad
support. Some have argued, implicitly at least, that these advances have made, without
qualification, a positive and significant contribution (for instance Gallup and Sachs, 2001,
Sachs, 2003; Bloom, Canning and Seville, 2004; Lorentzen, McMillan and Wacziarg, 2005;
Carstensen and Gundlach, 2006; Bleakley, 2007, 2009).

There are, however, a number of grounds for challenging this unqualified point of
view. The first challenge comes in the form of the general observation that while in one
particular set of circumstances the application of relevant medical knowledge in a
developing country most likely (but not definitely) will make a significant contribution to
raising the level of GDPPC in this country, but if these particular circumstances are absent
or are altered even in an apparently minor way, then the application of this medical
knowledge may have little or no, or possibly even (over the long term) a negative influence
on the rate of growth of GDPPC for the developing country concerned. These assertions
imply that improving the level of health (through the application of relevant medical
knowledge) in a developing country is likely only to be a component, albeit an important
component, of an economic system that determines the level of GDPPC for this country. In
this system there also needs to be present, however, other relevant complementary
elements. If they are absent, or at an inadequate level then a marked rise in the level of
health is unlikely to have significant influence on the level or rate of growth of GDPPC for
this developing country. The opposite may be the case, however, if these complementary

factors are present.



An initial statement of this particular line of argument is to be found in Martina (2007).
This argument has been considerably refined and extended in Martina (2009) in order to

provide a more complete justification for the assertions made in the previous paragraph.®

There is, however, another broad reason for challenging the unqualified view that the
application of relevant advances in medical knowledge has made a positive and significant
contribution toward increasing the level of GDPPC in developing countries. This particular
challenge possibly had its beginnings with Vogt (1948) — who was then followed by a
number of other authors ending with the general argument set out in Acemoglu and
Johnson (2007) and Ashraf, Lester and Weil (2009).* Specifically it suggests that there are
two broad economic consequences for a developing country flowing from the improvement
in the level of health in this country. The one is to increase the level of GDP, while the
other is to increase the size of the population for this country. The latter change may be so
comparatively large in a representative developing country that the net effect is that the rate
of growth of GDPPC declines in this country as a result of the assumed improvement in the
level of health. These important matters are also addressed and considered in some detail

in Martina (2009) — a discussion that contradicts this unqualified line of argument.

Given the comparative complexity of the range of issues at stake the discussion
presented here can only provide a brief summary of aspects of the issues raised by the first
challenge mentioned earlier. There are a number of reasons for this complexity, but one is
that the economic system in a developing country is likely to be distinctly non-linear at an
important stage in economic development process of this country. This non-linearity
reflects, in part, the possibility that the influence of the level of health on the level of
GDPPC varies at different stages in the economic development of this country. At one
stage in this non-linear process application of relevant medical knowledge will have little or
no influence on the aggregate economic performance of this country, while at some
threshold or inflexion point the appropriate application of relevant medical knowledge

appears to be of vital importance for assisting the economy of this country to attain a much

® Packard (2009) also, within the context of controlling malaria, has argued that a reduction in the incidence of this disease
in a developing country may bring no immediate increase in economic activity in this country.

* The relevant literature has been surveyed to some degree from various perspectives by Jack and Lewis (2009: 12 — 19)
and Packard (2007: 146 — 7; 2009).



higher level of performance. Attempting to identify, let alone attempting to measure the
extent of this non-linear process requires that the available empirical evidence be analysed

and assessed with some care.

In the light of this apparent complexity, certain components of the more complete
argument will be omitted here for they would require an extended discussion of a range of
relevant issues. Thus, for instance, there will only be a brief discussion in Section 10.1(ii)
of the demographic issues mentioned earlier.> Nor will there be any empirical results
presented here based on the econometric testing of empirical economic growth models.
This is so for a range of reasons that are not gone into here except to assert that it is rather
difficult (given the limited relevant contemporary data that are available) to provide a set of

tests of these models that generates reliable statistical results.®

Expanding a little on these initial remarks, the argument to be sketched out and tested
to a limited degree here indicates that the main factor that appears to have a marked
influence on the likelihood of an increase in the level of health significantly influencing the
rate of growth of GDPPC in a developing country is the level of economic institutions (to be
defined later). In contrast, some of the evidence to be presented later also suggests that
the level of health influences the likelihood of an increase in the level of economic
institutions significantly influencing the rate of growth of GDPPC in this country. These
observations imply that, in attempting to answer the question posed earlier, possibly as
much attention needs to be devoted to determining the economic consequences of an
increase in the level of economic institutions and how these institutions interact with the
level of health, as with considering the influence of an increase in the level of health alone
on the level of GDPPC for the developing country concerned. Put more generally, to
determine the influence of an increase in the level of health alone on the level of GDPPC
for this developing country special attention needs to be given to gaining a reasonably good
understanding of the basic overall operation of the economic system for this country. No

attempt is made here to address this issue in any detail.

® The relevant argument in Martina (2009: Chapter 8) also is framed around a non-linear economic model.
Hence again the issues that appear to be at stake are comparatively complex.

® The assertion just made in the main text is justified in Martina (2009: Chapter 3) and in the references cited
there.



The discussion that follows begins by noting that an elementary Bayesian analytical
methodology is to be applied, where historical quasi-controlled experimental information is
employed to test various prior beliefs. Attention turns in Section 3 to defining the measures
of health and economic institutions to be employed throughout - such as in Section 4 where
two of the initial Bayesian prior beliefs are presented. These prior beliefs are tested in
Sections 5 and 6 where they are found to be wanting. The discussion in Section 7
indicates in broad terms how the analysis, based on historical quasi-controlled experimental
information may proceed in order to provide a more through testing of relevant beliefs. The
relevant conclusions or posterior beliefs derived from this suggested (but omitted) line of
analysis are set out in Section 8. A limited additional test of these beliefs is provided in
Section 9 by way of making use of some relevant contemporary data in the attempt to
fathom, in very broad terms, why the world’s GDPPC is distributed across countries in the
way it is in the late 20" century. The posterior beliefs set out in Section 8 are also applied
in Section 10 in the assessment of the results reported in some related literature. In this
section there also is a brief discussion of the related demographic issues mentioned earlier.

Some concluding remarks are made in Section 11.

In this conclusion the observation is made that increasing the level of health in a
poor developing country needs to be part, but only a part of a spectrum of public policy
actions directed at attempting to increase the rate of growth of GDPPC in this country.
Increasing the level of health, by way of applying appropriate medical knowledge in a
developing country, without regard to other relevant considerations, may well result in

disappointing results in terms of influencing this country’s economic performance.
2. Broad analytical technique employed

Throughout most of the subsequent discussion an elementary Bayesian approach is
applied. The information that is employed to test certain prior beliefs and modification of
these beliefs is drawn from a wide range of episodes in the relevant history of a number of
countries or communities. Clearly these historical episodes need to possess certain basic
properties or characteristics. First there needs to be a comparatively large change in the

level of the relevant deep determinant (health or economic institutions) in a particular



community over a comparatively short period of time.” Such a change is likely to ensure
that it is likely that all other relevant variables have remained unchanged (or more or less
so) during the relevant time period — as is required in a standard controlled experiment. It
also may be useful if this determinant then remains at or near its new level over an
extended period of time. This situation will assist in determining the full extent (or the
general equilibrium effect) of the influence of the change in the level of this determinant on
the economy of the country or community concerned. While other relevant variables are
more likely to change during this extended period of time, it is hoped that it is possible to
take these changes into account when attempting to draw relevant inferences from the
historical information being considered.® In addition, when considering a particular relevant
piece of quasi-controlled experimental information ideally this information is not considered
in isolation as a stand-alone piece of evidence. Rather each piece of relevant evidence
should be considered as part of an overall system of tests that result from applying and
comparing a range of relevant pieces of quasi-controlled experimental evidence. And these
various tests of some relevant prior belief need to generate results that are consistent with
one another. If they are then this increases the level of confidence in the reliability of the
relevant probabilistic inferences being drawn from the experimental information being
considered. If, however, these pieces of evidence are inconsistent with one another then

the system of testing concerned possibly should be abandoned.

It also is emphasised that some of the natural experiments to be considered in reality
imposed relatively large, and sometimes traumatic social and economic costs on the
communities or the nations concerned. For this reason quasi-controlled experiments of the
nature to be considered later would never, on ethical grounds, be contemplated in the
designing of contemporary randomized controlled experiments or trials (RCTs) in the social
or natural sciences. (These RCTs are considered briefly later in sub-Section 10.1(i).) In
contrast some of the other quasi-controlled experiments to be considered here, that had the

potential to benefit literally hundreds of millions of people, implicitly were carried out on

A deep determinant is a variable that influences the level of the proximate determinants of economic
growth - capital accumulation, labour supply and the level of technology.

In the literature surveyed by Packard (2009: 63 — 69), of various historical case studies to determine the influence of a
reduction in the incidence of malaria on the level of economic activity in a particular country or region, it also was
recognized, not surprisingly, that there was a need to take into account the possible influence of all major pertinent
variables on economic activity.



such an immense scale that their implementation required the extensive involvement of
relevant governments. Again this class of experiment would never be contemplated in the
designing of contemporary RCTs in the social sciences. One implication of these remarks
is that the quasi-controlled experiments to be considered or are alluded to here have the
potential to reflect general (as distinct from partial) equilibrium effects — which is not an
unimportant potential benefit to be derived from considering this experimental information.

3. Some definitions

Before turning to begin the main analysis there is a need to provide two definitions;

viz. that for the levels of health and economic institutions respectively.

(i) Health (H): The usual measures that are employed in the relevant literature are some
appropriate measure of mortality, and/or the level of life expectancy at birth, and/or
measures of morbidity. Information concerning some measure of mortality, such as total,
adult and child mortality rates is comparatively easy to acquire within certain historical
contexts whereas that for life expectancy is not. In other situations the only mortality
measure available is a loose measure of the adult male mortality rate. It turns out that
usually such an imprecise measure is adequate for the purposes of analysing the historical
episode to be considered.
(i) Economic Institutions (I): This determinant is far more difficult to define and hence
measure since, ideally, it should incorporate a number of distinct dimensions. The main
interest here is with how well or otherwise the relevant institution functions.® In particular
ideally the measure of economic institutions should provide a fair indication how well these
institutions function in assisting the community concerned to organise itself in the attempt to
attain higher levels of economic (or Pareto) efficiency and technical efficiency (viz. attaining
higher levels of technology).

With the measure of economic institutions being calibrated against this standard,
there are at least three elements that such a measure should possess. The first is a
measure of the ability of economic institutions to function in such a way (following Adam
Smith, 1776; North, 1990, and others) as to constrain individual or group behaviour to the

point where, in certain relevant circumstances, the community as a whole benefits. Thus

® The distinction between form and function of economic institutions has been emphasized by Chang (2007:
19 — 20).



the potential predatory behaviour of the state and/or other economic entities needs to be
constrained and, thereby, provide protection for the property rights of individuals and/or any
other relevant economic entities - viz. provide protected private property rights. Clearly
such protection would reduce the level of economic uncertainty that, amongst other things,
would reduce the costs associated with transactions. This changed set of circumstances in
turn presumably would encourage a greater level of savings and investments in physical
and human capital (education), and in the creation of new knowledge — subject to other
considerations being satisfied (North, 1989).

The second element in a measure of economic institutions that should be allowed for
is that, while some economic institutions may need to constrain behaviour to some socially
desirable level, other economic institutions equally will be required in order to create
suitable incentives to encourage the desired behaviour by members of a community. The
means through which these incentives are put in place is the provision and implementation
of appropriate government economic policies.

To explain, even if in law private property rights are protected and restricted to the
required level (from society’s point of view), if the economic policies implemented by the
authorities severely reduce incentives to carry on economic activities then, equally, there
will be few economic incentives to take advantage of these property rights. Indeed it is not
difficult to conceive of situations where suitably protected private property rights would be
near to worthless — as, for instance, in a community where little public basic education is
available, a taxation system is imposed that severely distorts behaviour, the revenue raised
is spent ineffectively and autarkic domestic and international trade policies are applied.™
Alter these economic policies such that they reduce the level of economic distortions
present in the economic system, and there now are more incentives to take advantage of
private property rights. Indeed private property rights in a community may be relatively ill-
defined and yet, because of the effectiveness of relevant economic policies in creating the
incentives to take advantage of these property rights, the economy for this community may

flourish. Thus the quality of the economic policies implemented probably has a

'° Pande and Udry (2006: 364) come close to making a similar point to that just made in the main text - although within
a different context. They note that the effectiveness of an economic institution (say a credit market) on the operation of
the economy may be influenced by the presence of another unobserved institution (say the security of land tenure) in
this community.



fundamentally important influence on the pace of economic expansion of a developing
country."

The third element that the definition of economic institutions may need to include is
the level of education. The reason for allowing for this consideration is that no matter how
well defined property rights may be in law and no matter how well economic policies may
be designed, if the level of education in the country concerned is comparatively low these
other aspects of economic institutions may have little influence on the level of GDPPC for
this country. Within the present discussion the matter of the level of the level of education,
and its interaction with other relevant variables is only touched upon in Section 9.

As for the precise measures of economic institutions, as defined here, they are not
available in the relevant historical records to be considered. Nevertheless the historical
information to be cited later provides qualitative (as distinct from quantitative) information
that indicates adequately, for the purposes of the relevant argument being constructed, the
direction of marked changes in the level of various relevant measures of economic
institutions (as defined here).

(i) Interactions: Finally, but not least, the level of economic institutions (I) may influence
the level of health (H). Equally a certain level of H is likely to be required to allow a
community to attain some level of I. Put differently, the capability of one particular deep
determinant to function effectively may be influenced by the level of the measure of the
other deep determinant. This important matter, of the interactions and complementarity
between these two deep determinants, is considered in various contexts in the discussion
that follows.

4. Two Prior Beliefs

Attention now turns to setting out two initial prior beliefs.

Prior Belief 1 (PB1): A significant exogenous rise in the level of health alone in a poor
developing country, while all other things remain the same, will result in a marked and

sustained rise in the level, and hence the rate of growth of GDPPC for this country.

" A similar point has been made by Lin (2009: 16) and Lewis (1955: 376).
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This prior belief is derived from the cross-country empirical results presented in
Gallup and Sachs (2001) and Lorentzen, McMillan and Wacziarg (2008: Table 7) where the
possible influence of economic institutions on the level of, or rate of growth of GDPPC was
ignored.’ The measure of the level of health in the cross-country data set employed by
Gallup and Sachs was the risk of contracting malaria whereas Lorentzen et al. applied the

adult and infant mortality rates respectively.

In stark contrast others have emphasised the importance of raising the level of
economic institutions alone as the route along which the level or rate of growth of GDPPC

can be increased. This point of view is reflected in the following prior belief.

Prior Belief 2 (PB2): A significant exogenous rise in the level of economic institutions
alone, while all other things remain the same, in a poor developing country will result in a
marked and sustained rise in the level, and hence the rate of growth of GDPPC for this

country.

This prior belief draws on the cross-country empirical results reported in Acemoglu,
Johnson and Robinson (2001, 2005), Easterly and Levine (2003), Rodrik, Subramanian
and Trebbi (2004) and a number of other references listed in Pande and Udry (2006). The
references make no allowance for the possible influence of some measure of the level of
health.

5. Some initial testing PB1

A comparatively recent period of economic history is employed to test the statement in
PB1. The group of countries to be considered are the five listed in Table 5.1 and the period
of interest is from about 1960 through to around 2000. This group of countries is rather
special. Specifically, out of some one hundred non-rich countries in 1960 each of the

countries listed in Table 5.1 — China, Malaysia, Republic of Korea (henceforth South

2 n a limited subsequent econometric study based on cross-country data Sachs (2003) did find that both the levels of
economic institutions and health respectively influence the level of GDPPC for a representative country in the late
twentieth century. This general result was also derived by Carstensen and Gundlach (2006) and Martina (2007). In an
extension of their initial results, Lorentzen, McMillan and Wacziarg (2008: Table 8) confirmed this result - although
where the rate of growth of GDPPC is the dependent variable. Related results were presented in Batten and Martina
(2007) where, instead of GDPPC, the level of the human development index was the dependent variable.
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Korea), Taiwan and Vietnam — is one of only ten that experienced comparatively high rates

of growth of GDPPC over a sustained period of time over the period leading up to 2000."

Of initial interest is the behaviour of the rate of growth of GDPPC for each of these
countries during this period. Specifically each experienced an initial period during which
the rate of economic growth was comparatively low followed by a sharp and significant
increase (of at least 2.6 percentage points) in its rate of growth of GDPPC. This
significantly higher rate of growth of GDPPC also was sustained over an extended period of

time; viz. of at least a decade and usually more.

Table 5.1 comes about here.

Turning next to assess the statement in PB1, this is done by considering the quasi-
controlled experimental evidence that is concerned with identifying any possible influence
significantly large, sudden changes in measures of the level of health are likely to have had
on the rate of growth of GDPPC for each of the countries listed in Table 5.1. The measures
of health employed here are both the under-five child mortality rate (USMR) and the adult
mortality rate (AMR). In assessing the relevant evidence, and to assist with the exposition
the initial discussion will ignore two issues; viz. the possible presence of endogeneity in the
evidence to be presented here and the matter of the speed with which changes in the level
of health may influence the level of GDPPC. These two matters will be returned to and

addressed, however, towards the end of this sub-section.

As for the relevant information set out in Table 5.1, it is noted that in the initial time
periods specified for each country both the AMR and the US5MR rate declined by a
comparatively significant proportionate amount. Considering each country in turn, in China
the USMR fell by 75 per cent between 1960 and the early 1980s, and the AMR declined by
74 per cent between 1960 and 1980. What is more the respective levels of the USMR and
the AMR (50 per thousand live births and 167 per thousand adults respectively) in 1980

' Most of the other countries — Hong Kong, Singapore, Botswana and Mauritius - all had populations of less than 6
million in the late 1990s. Given their comparatively small size, in terms of population, these countries are not
considered in the main text. The exception is Egypt — again a country is not considered here.
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were well below these measures of health for middle income countries (106 for the USMR
and 218 for the AMR) for that year.’ Nevertheless, as the relevant information in Table 5.1
indicates, despite this marked improvement in the level of health in China over this twenty-
year period the rate of growth of GDPPC for the 1960s and 70s remained low compared
with the rate of growth attained by this variable in the subsequent decades. (A similar
observation with respect to China was also made by Cutler, Deaton and Lleras-Muney,
2006: 110.)

On taking this new additional information into account, the statement in PB1 would

appear to be less likely to be true than previously may have been thought.

This line of argument can also be applied to the data for each of the other countries
listed in Table 5.1. In the instance of Malaysia, for instance, the USMR rate fell by 38 per
cent between the early 1960s and the early 1970s, while the adult mortality rate declined by
37 percent between 1960 and 1970. In addition, in Malaysia by 1970 the AMR (256) and
the USMR (around 52) were below that for middle income countries for that year. (For
middle income countries around 1970 the AMR was 263 per thousand adults and the
USMR was 148 per thousand live births.) Yet, despite this apparently comparatively rapid
rate of improvement that allowed the level of health to attain a relatively high level by 1970,
the rate of growth of GDPPC was low during this initial period - compared with the

economic growth rates attained by this country in subsequent decades.

Similarly in the instance of Vietham there was a 46 percent reduction in the USMR and
a 53 per cent decline in the AMR from the 1960s or 1970s through to the early 1990s. Yet
despite this improvement in the level of health, the rate of growth of GDPPC for this country
remained comparatively low during this period when compared with what was to occur later

regarding this variable.

South Korea and Taiwan also experienced comparatively rapid declines in their
respective USMRs over the initial periods set out in Table 5.1—- 38 per cent and about 30
per cent respectively over about ten to fifteen year period.”™ The proportionate decline in

the AMR was not as large, however, for these two countries. It was about 15 per cent for

" The relevant mortality rate data is drawn from World Bank (2006 — 2009).
'® Some interpolation was applied to the mortality rate data for Taiwan.
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South Korea and about 13 per cent for Taiwan over the relevant time periods.
Nevertheless the USMR for both countries had attained levels by 1960 that must have been
well below this mortality rate for middle income countries for that year. (As indicated earlier
in middle income countries the USMR in 1970 was 148 per thousand live births.) These
observations suggest that in these two countries, while the level of health for adults was
improving at a comparatively slow pace in the relevant initial time periods, the level of
health for the younger generations by the 1960s had attained comparatively high levels.
And yet despite this improved situation (regarding the level of health in the early 1960s), the
respective rates of growth of GDPPC for these two countries were low for the late 1950s
and early 1960s compared to what was to follow in the subsequent decades. Apparently
the improvement in the level of health in these two countries also did comparatively little to
increase the rate of growth of GDPPC in the 1950s and early 1960s in the instance of

Taiwan, and in the early 1960s in the case of South Korea.

Interestingly, in the instance of Taiwan there is some micro survey data that tends to
increase the veracity of this conclusion. Specifically an economic assessment was carried
out by Pletsch and Chen (1954) of a vigorous anti-malaria campaign implemented in that
country in the early 1950s."® They came to the conclusion that this campaign had done
little to increase the level of output per capita in rural Taiwan. (This apparently was due the
prevalence of under-employment in that rural community. Hence those workers who were
too ill to work were readily replaced, at no increased opportunity cost to the community, in
the workforce by those who were not ill.) This conclusion tends to confirm the conclusion
that has just been drawn from the relevant macro data for Taiwan in the 1950s and early
1960s.

Initial general conclusion: The probability that the statement in PB1 is true is reduced in
size once the relevant quasi-controlled experimental evidence for the countries listed in
Table 5.1 and that just cited for Taiwan is taken into consideration. This is especially so in
the instance of the relevant information presented for China, Malaysia, and Vietnam
respectively. This inference is given slightly less strong support by the relevant information

provided for South Korea and Taiwan.

16 packard (2009: 63) provides a discussion of this study.
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5.1 Two additional issues

The line of argument that has just been sketched out is made a little more complicated
by returning to consider the issues, up to now left in abeyance, of endogeneity and the
speed with which changes in the level of health may influence the level of GDPPC in a
developing country. As for the endogeneity issue it is certainly likely that an increase in the
level of GDPPC for a poor developing country will increase the level of health for this
country by allowing individuals in this community to attain a higher level of nutrition. (For
instance China between 1959 and 1961 experienced a severe famine. The subsequent
economic recovery from this famine, reflected in the increase in the level of GDPPC in the
1960s, no doubt allowed an improvement in the level of nutrition in this community that in

turn probably contributed to a decline in mortality rates in China in that decade.)

That said the available empirical evidence also points to the conclusion that a
significant proportion of the improvement in the level of health in developing (as distinct
from developed) countries after, say, 1960 was due to the applications of the exogenous
advancements in medical knowledge from the mid- to late-19™ century on, concerning
preventative health care and some comparatively inexpensive curative procedures.’’
(These matters were alluded to in the introduction.) In addition it is emphasized that the per
capita expenditures required to implement a number of these effective programs in
developing countries are comparatively small — a point stressed, for instance, by Jones et
al. (2003)."®

The previous observations imply, therefore, that while an increase in the level of
GDPPC in a representative developing country would assist with financing the deployment
and application of this medical knowledge, this increase could not be seen as the main
factor contributing to an improvement in the level of health in this country. Rather it seems

reasonable to infer from the earlier remarks that at least fifty per cent of the improvement in

" In the instance of preventative health care the advances in medical science concerned the need for access to safe
water supplies, improved sanitation, and public programs concerned with providing vaccinations, insecticide-treated
bednets, and education in basic hygiene (such as promoting the benefits of breastfeeding) and preventative health care.
As for inexpensive curative procedures this refers in particular to oral rehydration therapy for the treatment of
%astroenteritis.

After searching the relevant medical literature, Jones et al. (2003: 69) conclude: ‘[A]bout two thirds of the
child deaths could be prevented by interventions that are available today and are feasible in low-income
countries at high levels of population coverage.” And the cost of providing this medical intervention amounts
to ‘... a few cents’ worth of [insecticide-treated materials for bed nets], oral rehydration therapy, or efforts to
promote breastfeeding.’ (Jones et al., 2003, ibid.)
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the level of life expectancy in this representative developing country in the period 1960
through to the early 1990s was due to the exogenous advances in the level of the relevant
medical knowledge — much of which occurred many decades prior to 1960. This
reasonable inference can also be drawn from the surveys of the relevant medical history
and contemporary medical empirical evidence provided by Soares (2007: especially 258 —
61) and Jones et al. (2003). (Also see Cutler, Deaton and Lleras-Muney, 2006.)

Based on these observations it seems reasonable to assume that at best half of the
74 per cent reduction in the level of the AMR in the instance of China over the period 1960
to 1980 was due to the comparatively small increase in the level of GDPPC in this country
during this period. [As the earlier argument suggests, this assumption almost certainly
overstates the contribution of the rise of GDPPC. This point is in agreement with Halstead
et al. (1985) and Banister (1987: Ch. 4) who observed, with respect to China during the
relevant period, that the increase in the level of health was mainly the consequence of the
application of inexpensive preventative medical knowledge.] Nevertheless this generous
assumption still implies that the assumed size of the exogenous change in the level of
health — about 32 per cent in the USMR and AMR - in China could only have had a
comparatively small impact on raising the rate of growth of GDPPC (2.8 per cent per
annum) for this country over this period. A similar line of argument applies to Malaysia and
especially Vietnam over the relevant respective initial time periods considered for these two
countries.

In the instance of these three countries, therefore, over the relevant respective time
periods the revised (but still significant) exogenous improvements in the level of health in
these countries appear to have had little or no positive influence on the level or rate of
growth of GDPPC for these respective countries. Matters are less clear cut with respect to
Taiwan and South Korea due to the fact that the AMR and the USMR rates for these two
countries declined by comparatively small mounts in the initial time periods for both of these
countries.

Next the point may be made that any improvement in the level of health in a
developing country may only influence the rate of growth of GDPPC for this country with a
time lag of a decade if not decades. This is especially so when demographic effects,

resulting from the change in the level of health, are taken into account. Here is it simply
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noted that the evidence presented elsewhere indicate that this argument does not seem to
be valid - at least where there are significant reductions (or increases) in the level of the
adult mortality rate within a particular context in a developing country. In sub-section 4.3 for
instance it is indicated (amongst other things) that changes in this measure of the level of
health, if it does influence the level of GDPPC for the community concerned, has an almost
immediate and significant impact. (Longer-term demographic effects are being ignored

here.)

It follows from the observations made in the last few paragraphs that the initial general
conclusion reached in the previous sub-section still appears to apply and that the statement
in PB1 is less likely to be valid once the relevant historical quasi-controlled experiment

information presented earlier is taken into consideration in assessing that prior belief.
5.2 To be effective adequate health requires adequate economic institutions

If that is so then why did the improvements in the level of health in these countries, in
the initial periods of interest here, not result in a significant and immediate increase in the
rate of growth of GDPPC (in these respective countries)? Why were these rates of
economic growth so comparatively low when they are compared with what was to come
later in the countries concerned? The relevant evidence presented here in the attempt to
answer these questions can only be brief. Specifically the answer appears to be found in
considering the comparatively low level of economic institutions and the associated
economic policies to be found in the various countries concerned and in the relevant initial
time periods set out in Table 5.1. Subsequently the level of the quality of these economic
institutions (as defined in Section 3) increased significantly — and associated with this
change was a significant sustained increase in the rate of growth of GDPPC in each of the

countries concerned.

To explain a little further, in the instance of China, for example, between at least 1960
and 1978 the economic institutions present in that country provided hardly any, if any,
protection of private property rights.19 In addition at that time there was a range of

associated highly distorting economic policies in place — such as extreme restrictions on

' Some additional information regarding the evolution of economic institutions in China is set out in Table
5.1.
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regional and international trade; comparatively high implicit tax rates imposed on producers
of agricultural goods and comparatively generous implicit subsidies provided to urban
consumers and heavy industry; exchange rates were highly distorted while labour migration
was more or less banned (through the imposition of the hukou (registration) system). This
institutional and economic policy milieu no doubt contributed to the headcount measure of
poverty for the rural population of about 790 million for China around 1978 — 1980 reaching
(depending on who you read and what poverty line is applied) between 75 and 100 per cent
(Yao, 2000, 463 — 4 and Ravallion and Chen, 2007, 8). [At that time the rural population
made up 81 per cent of the total population of China (World Bank, 2006 - 9).]

Perhaps in part because of this dire economic situation, significant changes in these
economic institutional arrangements and associated economic policies were announced in
December 1978 — the date of the Third Plenum of the Eleventh Central Committee of the
Chinese Communist Party — and in the years immediately thereafter.’> One consequence
was the sharp and significant rise in the level of GDPPC in China between 1979 and 1988
that, in turn, contributed in a substantial way to the equally dramatic fall after 1978 in the
headcount measure of rural poverty so that by the mid-1980s it was within the bounds of 10
to 25 per cent (Yao, 2000: 463 — 4, and Ravallion and Chen, 2007: 8).

Without providing the details, a similar line of argument, mutatis mutandis, can be
applied to the relevant economic history of the other countries listed in Table 5.1. (Brief
summaries of how the economic institutional framework altered over time in each of these

countries are set out in Table 5.1.)

To summarise, it would appear that the application of medical technology, concerned
mainly with containing diseases, of itself did little to increase the rate of growth of GDPPC
in the countries concerned in an economic environment where the level of economic
institutions was comparatively low. What also seems to have been required was a marked
improvement in the level of economic institutions in these countries. Or was it just the
significant improvements in the level of economic institutions alone in the countries

concerned that induced the subsequent marked increase the rate of growth of GDPPC in

2The relevant historical factual details alluded to in the main text are to be found, for example, in Riskin (1987: Chs
9 to 14), Lin (1992), Lin, Cai and Li (2003), Chow (2002), Qian (2003), Liu (2005), Wu (2005: Ch 2) and Lin et al.
(2007).
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these countries? As will be indicated in the next sub-section the answer to this question
probably is in the negative.

6. Some initial testing PB2

In the process of testing PB2 three historical episodes are considered: (i) the
Panama Canal case from 1881 through to 1904; (ii) colonial Malaya and plantation
agriculture from 1874 through to about 1901 and later, and (iii) colonial Northern Rhodesia
and copper mining between 1924 and 1930 and later. Within these respective contexts the
level of economic institutions was increased markedly in size over a comparatively short
period of time in the communities concerned. It remains to determine what happened to

the level of economic activity in these communities.

6.1 Attempts to build the Panama Canal:?" Soon after Ferdinand de Lesseps had floated
the Panama Canal Company in France, in order to raise the financial capital required for
the construction of a canal across the Isthmus in Panama, work on this engineering project
began in 1881. Those investing in this project, it seems reasonable to presume, believed
that the private property rights regarding their investments in this project were adequately
protected under French law as it applied along the canal corridor in Panama. (If not
presumably this investment would not have taken place.) This behaviour therefore implies,
amongst other things, that those investing in this project believed that the level of economic
institutions (as defined in Section 3), as they applied along the canal corridor across the
Isthmus, had increased significantly compared to the situation prior to say 1880. What is
more this increase in the level of economic institutions was exogenous in the sense that
French commercial law was already in place and was just being applied at least along
canal corridor in Panama. The level of French commercial law clearly was independent of
the level of GDPPC in Panama in the early 1880s.

Nevertheless, despite this exogenous marked increase in the level of economic
institutions as they applied in this region after 1881, this engineering venture was

abandoned in 1889 when the Panama Canal Company was declared bankrupt. It would

2! The core reference employed in the main text is McCullough (1977). Other references drawn upon are Harrison
(1978), Cook (1998), Hamoudi and Sachs (1999), Gallup and Sachs (2001), Keiser, Singer and Utzinger (2005),
Speilman and D'Antonio (2001), Hutchinson and Ungo (2004) and Packard (2007).
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appear, therefore, that the unqualified statement in PB2 is not given any empirical support

by the relevant facts associated with this historical episode.

As for the reasons why the Panama Canal Company became bankrupt, besides
there being some financial mismanagement, certainly there were weaknesses in the design
of this engineering project. Nevertheless the central reason for the abandonment of this
engineering enterprise was the exceptionally high adult mortality rate amongst the
workforce employed on this project caused by the prevalence of yellow fever and malaria
along the canal corridor. (The average adult mortality rate reached 333 per thousand in the
mid-1880s. Along some sections of the canal corridor this mortality rate reached two out of

every three workers.)

Once it was realized that these tropical diseases were undermining the economic
viability of this civil engineering project there was nothing that de Lesseps and others could
do to mitigate this situation. This was so since in the 1880s (and up to the late 1890s) there
was no useful medical knowledge available that indicated how the tropical diseases of
malaria and yellow fever could be effectively controlled. Hence there was little choice but to
abandon this project — despite the apparent adequacy of the economic institutions in place

to facilitate the building of this canal.

Thus, as noted earlier, the implication is that this historical episode contradicts the
unqualified statement in PB2. Put differently, the new information provided by this quasi-
controlled experiments suggests that the statement in PB2 is less likely to be correct than

may have been thought previously.

Extending the argument a little, it later was realised, implicitly, by some in the
government of the United State from about 1903 onwards that providing an adequate level
of economic institutions (as defined earlier) was never going to provide the complete
institutional foundation that was required to allow the construction of an economically viable
canal across the Isthmus. To explain, immediately following the United States government
acquiring the legal right to build the canal in 1903 the question now facing President
Theodore Roosevelt was how best to proceed with this engineering project. By this time,
however, major scientific advances made in the late 1890s and early 1900s had

demonstrated that certain classes of the Anopholes mosquito were the vectors that carried
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the malaria parasite and that Aedes aegypti was the vector for yellow fever. It also had
been demonstrated (by William Gorgas amongst others) that a rigorous sanitation program
aimed at reducing the risk of these vectors biting humans would result in a significant
decline in the incidence of malaria and yellow fever in the region concerned.? What is
more, these rigorous sanitation programs had demonstrated that this could be achieved at
relatively low cost - as long as they were confined to a comparatively small geographic

area.

Fortuitously this (then) new medical knowledge was known to an advisor to
Roosevelt - viz. Dr William David Lambert, a medical doctor. Based on this knowledge he
made the follow observation to Roosevelt: ‘If you fall back on the old methods of sanitation,
you will fail, just as the French failed. If you back up Gorgas [who was in charge of
sanitation issues in Panama] and his ideas and let him pursue his campaign against the
mosquitoes, you will get your canal.” Roosevelt promptly accepted the advice provided
(McCullough, 1977: 467 — 8).

In so doing Roosevelt implicitly agreed with the argument that the creation of public
health institutions, directed at drastically controlling the populations of mosquito vectors
along the canal corridor at comparatively low cost, was an essential component of the
institutional foundations necessary for allowing an economically viable canal to be built.
And this was so even though the United States government had already provided the other
essential component of this foundation; viz. the economic institutions. The construction of
the Panama Canal was completed in 1914. Its construction went on to provide a range of
benefits to the United States economy. Indeed, based on their calculations of the net value
of these benefits to the United States, Hutchinson and Ungo (2004) concluded that the
investment in the Panama Canal possibly was ‘the best investment the United States
government has ever made based on the social benefit relative to the cost of building it.” (A

similar conclusion was reached by Maurer and Yu (2006).)

6.2 Attempting to develop the economy of Malaya: The Malaya peninsula came under
British colonial rule over the period 1874 through to 1908. During this period, therefore,
there was a marked exogenous increase in the quality of economic institutions applying in

22 3ee, for instance, Amorosa et al. (2005) and Harrison (1978) on the relevant medical history regarding
malaria and Bryan et al. (2004) on yellow fever. Also see Packard (2007: Ch. 5).
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Malaya — at least as perceived by potential foreign investors in this region. And yet around
the turn of the twentieth century attempts to develop the economy of this region were
floundering. And this was so even though Malaya apparently had a comparative
advantage, for instance, in the production of raw rubber — a raw material for which there

was a growing world demand at that time.

Again the impediment to expanding the level of economic activity in this region was
the comparatively low level of health, reflected in the fact that there was a relative high
adult morbidity and mortality rate amongst the work force in Malaya at that time due to the
prevalence of endemic malaria. For instance, in the late 1890s and early 1900s in the
commercial centre of Klang individuals were continuously ill and unable to work. In addition
mortality rates in the early 1900s of around 300 per thousand were not uncommon amongst
the workforce employed on plantations and engineering works (Watson,1943: 342). In
short, in the early 1900s attempts to build profitable plantation and mining industries in
Malaya were severely constrained by the prevalence of tropical diseases. And this was so
even though there had been a marked improvement in the level of economic institutions —

as probably perceived by potential investors — from 1874 on to 1908.

Again the unqualified statement in PB2 does not appear to be supported by the

evidence provided by this historical episode.

The economic situation changed for the better soon after Malcolm Watson began to
apply, from 1901 on, the newly discovered knowledge regarding the ways in which malaria
was transmitted. Specifically, programs were devised and directed at controlling
populations of types of mosquitoes.?® A certain level of economic prosperity resulted such
as to cause Eric MacFadyen to observe, based on his experience as a planter in Malaya:
‘Had it not been for malaria control, British Malaya ... could never have been realized. Its
populous towns, its railways and roads which have unlocked its natural resources, the
monster dredging plants representing an outlay of millions of sterling, which excavated its
tin, its 300,000 acres of rubber ... not a tithe of these developments could have been

achieved had malaria remained uncontrolled.’?*

% 5ee Watson (1943) and Reid and Reid (1956).
2 MacFadyen (1938) cited in Watson (1943: 343).
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This statement rather exaggerates the contribution that the controlling of malaria
made to the economic development of Malaya for, as the discussion in the previous section
indicates, the level attained by economic institutions is likely also to have made a

contribution to the economic development of Malaya after about 1901.

6.3 Mining copper ore in Northern Rhodesia: British colonial rule of Northern Rhodesia
began in 1924. The resulting exogenous increase in the level of economic institutions, as
seen by potential foreign investors in this new colony, no doubt encouraged some of these
investors to think seriously about investing in the mining of the known copper ore deposits
in this colony. (This raw material had become more valuable due to the expansion of the

electrical and motor vehicle industries in the 1920s.)

Attempts to mine these deposits profitably in the late 1920s were threatened,
however, by the fact that at the Roan Antelope mine, at least, the desertion rate amongst
the African work force was around 640 per thousand in 1929 and 1930. This situation
meant that there was a relatively high probability that any on-the-job training given to this
labour would be lost due to desertion. In addition it was difficult to attract skilled European
labour to work at this mine. And these various patterns of behaviour were mainly in
response to the comparatively high risk, as perceived by potential employees at this mine,
of experiencing debilitating malaria or dying from this disease contracted while working at
this mine. This was a real possibility since at this mine in 1930 the adult mortality rate was
thirty two per thousand while in it was not uncommon for thirty per cent of the European
miners to be absent sick with malaria.?® Again it follows that the unqualified statement in
PB2 tends not to be supported by this piece of history for Northern Rhodesian for the period
from 1924 through to 1930.

Extending the argument a little, from 1930 on efforts began to be made to find ways
to reduce, significantly, and at relatively low cost, the populations of the malaria-carrying
mosquitoes Anopheles Gambiae and A. Funestus at and near the mining areas (Watson,
1953). Variations of the preventative techniques applied in Panama and Malaya were re-
applied on the Roan Antelope mine and elsewhere on the Copperbelt in Northern

Rhodesia. The outcome was that the adult mortality rate on this mine fell to 9 per thousand

% See Spearpoint (1953), Perrings (1979: 260 — 1) and Parpart (1983: 30, 41 - 42).



23

in 1933 and then fell slightly over the next eight years (Perrings, 1979: 260 — 1). This
change in turn contributed to the desertion rate falling sharply from the previous levels to
about 34 per thousand in 1932 and averaged about 60 per thousand over the next eight
years.?® In addition European skilled labour became easier to hire at the going real wage
rates. A similar pattern of change was experienced at the other copper mines on the

Copperbelt over this period and beyond (Utzinger, Tozan and Singer, 2001: 683).

This controlling of malaria appears to have gone on to contribute towards making
copper mining in this colony a profitable enterprise especially as the copper mining industry
began to expand after the mid-1930s.?” Nevertheless other things were changing around
this time such as the sharp fall in the level of aggregated demand in the world economy
associated with the Great Depression of the early- to mid-1930s — a change that played a
part in making the labour supply more flexible in the copper mining industry (Parpart, 1983:
47 - 50).

6.4 General conclusion: It seems reasonable to infer by considering these three case
histories that the statement in PB2 is less likely to be valid once this additional information
is taken into account. This quasi-controlled experimental information also suggests,
however, that a sufficient exogenous improvement in the level of economic institutions most
likely needs to be accompanied by the presence of an adequate level of health before the
combination of these two deep determinants of economic development is likely to have a

significant impact on the rate of growth of GDPPC.

This conclusion clearly is the dual of the inferences that may be drawn from the quasi-

controlled experimental information presented in the previous section.

7. A sketch of how the analysis may be extended?®

The quasi-controlled experimental evidence presented and discussed in the previous
two sections suggests the conjecture that an exogenous significant improvement in the
level of: (i) health in a developing county will have little or no impact on the rate of growth of

GDPPC for this country if the level of economic institutions (as defined in Section 2) is

% See Watson (1953: 13 and 15) and Perrings (1979: 260 — 1).

" See Utzinger, Tozan and Singer (2002) and Utzinger, Tozan, Doumani and Singer (2002).

% The ideas presented in this section were first presented in Martina (2007). An extended version of these
ideas is provided in Martina (2009: Ch 3).
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below some threshold minimum level; (ii) economic institutions in a developing county will
have little or no impact on the rate of growth of GDPPC for this country if the level of health
is not at least at some minimum threshold level. Expressed slightly differently, both a
threshold minimum level of health (min H) and a threshold minimum level of economic
institutions (min I) need to be in place in a developing country as necessary pre-conditions
that need to be satisfied before this country is likely to be capable of experiencing sustained
modern economic development as a consequence of an increase in the level of at least
one of these two deep determinants (viz. economic institutions and health) of economic

development.?®

These inferences imply that there are at least two broad conjectures that need to be
tested (in far more detail than was provided in the previous two sections) by applying quasi-
controlled experimental information. First, under certain conditions health and economic
institutions are likely to be distinct deep determinants of the level and pace of economic
development. Second, threshold minimum levels of both health and economic institutions
need to be attained before exogenous increases in the level of either of the presumed deep
determinants begins to have a significant influence on the level and rate of growth of

GDPPC for the developing country concerned.

Space does not allow the detailed testing of these conjectures. *° All that is done here
is to indicate what form this testing may take through the application of quasi-controlled
experimental information. First it proves useful to set out a number of modified versions of
the prior beliefs presented in the Section 4. Next it needs to be indicated how these
modified prior beliefs (MPBs) form part of a theoretical framework that suggests how the
initial testing needs to be structured and how, above all, the various initial tests relate to
one another. The third step consists, based on this framework, of carrying out the initial

tests based on historical quasi-controlled experimental information. The final results

% The term ‘modern economic development’ in a country refers to the economy for this country being
based on a range of modern institutions that, amongst other things, provide the incentives for economic
entities to save relatively large amounts of resources that are invested in physical capital as well as
human beings and, through this means allows this country to be in a position to take full advantage of
relevant modern technology. This economic system also encourages households to significantly reduce
their demand for children — a change that results in a reduction in the rate of growth of population for this
country.

% This discussion is to be found in Martina (2009: Chapters 4 and 5). There some twenty-five historical
episodes, that provide quasi-controlled experimental information, are considered, assessed and compared in
various ways.
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obtained for a given test are compared in various ways with that for the other initial tests.
These comparisons should generate a more robust set of results and, thereby, allow

relevant inferences to be drawn with a reasonable degree of confidence.

To expand a little on how this may be done, use is made of the representation set out
in Figure 7.1. The initial assumption applied there is that in a poor developing country, with
both a threshold minimum level of health (min H) and a threshold minimum level of
economic institutions (min |) having been attained, it is now possible to produce a minimum
level of output per capita, min X (> 0), in the modern sector of the economy for this country.
If the level of health is below the threshold min H then modern economic development does
not take place (viz. X = 0). (This threshold, minimum, level of H is represented by the line
AB in Figure 7.1.) And this is so even if the level of economic institutions is at least at min I.
(The threshold, minimum, level for | is represented by the line CD in Figure 7.1.) Similar
remarks apply if the level of economic institutions is below the threshold min | and the level
of H is at least at min H. Expressed more formally, at min X (> 0) both H and | must have
attained at least their respective minimum values. At min X these two deep determinants
are combined with one another in a Leontief fixed-coefficient ‘production function’ where the

two deep determinants are the two ‘factor’ inputs: viz. at
X =min X=min (H, I) (7.1)

whereas if H < min H, or | < min |, or both then X = 0.

Figure 7.1 comes about here.

When one of these deep determinants initially is at its minimum level and the other is
at or above its minimum level then an increase in the level of at least one of these
determinants is assumed to result in a significant increase level of X. This particular case is
of no immediate interest here, however. What is of interest is the general situation where
either the level of H, or the level of | moves across its particular threshold minimum level.
There are six (6) cases that refer to this general situation. Each case in represented by an

arrow in Figure 7.1.
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The first two instances (marked by arrows 1 and 2) are closely related to the cases
discussed and assessed in the previous two sections. The other cases are concerned with
what occurs to the level of GDPPC when the level of level of health (or the level of
economic institutions) crosses its particular threshold level given some adequate level of
economic institutions (or health). The dashed arrows refer to situations where the level of

health and the level of economic institutions may interact with one another.

8. Some summarising conclusions
To facilitate the discussion presented in the subsequent sections it proves helpful to
summarise the conclusions derived from the (omitted) detailed testing of the conjectures

based on Figure 7.1. This is done by setting out the following set of posterior beliefs:

Posterior Belief (PB) 8.1: In a poor developing country if I = min | and in the subsequent
relevant period l+1 2 min | then a significant exogenous increase in the level of health (AH
> 0) (due to a fall in the level of adult mortality rates), so that H; < min H moves to (H; + AH
=) Hi+1 2 min H, will increase the likelihood that this country will experience a significant and

sustained increase in the rate of growth of GDPPC — other things remaining the same.

A dual statement of that just stated is the following:

Posterior Belief (PB) 8.2: In a poor developing country if | < min | and in the later relevant
period li+1 < min | an exogenous increase in the level of health, so that H; < min H moves to
Hi+1 2 min H (due to a fall in the adult mortality rate and/or fall in the under five child
mortality rate), is unlikely to result in a significant increase in the rate of growth of GDPPC

for this country — given that all other relevant variables remain the same.

To add weight to the argument that changes in the level of health do matter in
certain circumstances in influencing the level of GDPPC in a country, the following also

applies:

Posterior Belief (PB) 8.3: In a developing country initially H; 2 min H and I+ = min |.
Subsequently there is a significant exogenous decrease in the level of health (AH < 0), so
that H; = min H moves to (H; + AH =) Hi.1 < min H (due to a fall in the adult mortality rate).

This decline in the level of H; may have little impact on the level of I;, or it has a negative
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influence the level of I; so that li+1 < min I. In either instance almost certainly this country
will experience a significant decrease in the rate of growth of GDPPC, and the average rate
of growth arrived at will remain around this comparatively low level for an extended period

of time - all other relevant variables remaining the same.

In addition an adequate level of health, even though its level may not alter is size,
can also act, as it were, as a catalyst in the sense of influencing the rate of growth of

GDPPC for the developing country concerned.

Posterior Belief (PB) 8.4: In a poor developing country if H; =2 min H and H+1 =2 min H then
a significant exogenous increase in the level of economic institutions (Al > 0), so that I <
min | moves to (It + Al =) iy = min |, will increase the likelihood that this country will
experience a significant and sustained increase in the rate of growth of GDPPC — other

things remaining the same.

If the level of health is not adequate, however, health appears to lose its property of
being a catalyst in the sense just indicated. This is indicated by the following posterior
belief:

Posterior Belief (PB) 8.5: In a poor developing country if Hi < min H and Hi+q < min H, an
exogenous increase in the level of economic institutions, so that I; < min | moves to (I; + Al
=) l+1 2 min |, is unlikely to result in a significant increase in the rate of growth of GDPPC

for this country — given that all other relevant variables remain the same.

It is emphasised that these various posterior beliefs are couched in the language of
likelihoods — not certainties. The reason for applying this language is because it is not
difficult to construct reasonable counter examples (or carry out thought experiments) that
indicate that the posterior belief concerned may not apply in all (realistic) situations. For

example, within the context of the statement in Posterior Belief 8.1, assume that the
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developing country concerned (country A) is landlocked and is surrounded by hostile
countries that refuse country A access by land to external markets. In these circumstances
a marked improvement in the level of health in this country may have little impact on the
level of its GDPPC even though the level of economic institutions in this country is at or
above some threshold level. The important theme alluded to by this example is extended in
Section 10.

9. An empirical test based on contemporary cross-county information

An inference that may be drawn from the statement of the posterior beliefs set out in
the previous section is that the level of health, in combination with the level of economic
institutions, across countries should go a good way towards explaining the distribution of
the GDPPC for the world across countries at the end of the 20" century. If this is not the
case then this would provide good grounds for questioning these posterior beliefs. This

conjecture is tested here.

Before turning to developing a relevant test it is noted that in the 1970s through to the
early 1990s the world’s distribution of GDPPC across countries was bi-modal.®'*? In order
to indentify this income distribution, however, the GDPPC for each country needed to be
ranked in order of its size. Thus it is this rank order of the GDPPC for each country that
needs to be explained empirically. This will be done here by way of calculating Spearman

rank order correlations coefficients for appropriate combinations of variables.

In constructing a suitable test of the conjecture of interest here first it is noted that the
relevant posterior beliefs cited in the previous section suggest that the level of health in a
country in a given year should have a positive influence, possibly with a lag (of say ten or
more years), on the level of the GDPPC attained by this country. But the main reason for
including this lag into the empirical analysis is that it will, to some degree at least, mitigate

the possible influence of reverse causality. Similarly the relevant posterior beliefs cited

¥ See Bianchi, 1997; Quah 1997; Paap and van Dijk 1998; Fiaschi and Lavezzi 2003; Bloom, Canning and Sevilla
2003; Anderson 2004; Barro and Sala-i-Martin 2004: 7 — 8, Durlauf Johnson and Temple 2005: 593 — 595,
Milanovic 2005: 51 — 3 and Sala-i-Martin, 2006. Recently it has been possible to take account of the distribution of
personal or household incomes within countries as well when measuring the world distribution of GDPPC across
countries. For the late 20" century the bi-modal distribution still emerges. See Edward (2006), for example, on this
oint.

2t is explained in Martina (2009: Chapters 3 and 9) that this fact is not inconsistent with the economic
theory underlying the posterior beliefs stated in the previous section in the main text.
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earlier suggest that possibly the level of economic institutions in this country is likely to
have a positive influence on the lagged value of the GDPPC for this country. Finally, and
most important of all these posterior beliefs clearly suggest that the level of the
complementarity effect, created between the level of health and economic institutions
respectively, for this country in a given year is likely to have a comparatively strong positive
influence on the lagged level of GDPPC attained by this country. As for the measure of this
complementarity effect for a given country in a given year, it is assumed here to take the
form of the product of the levels for these two deep determinants for this country in this

year.

The first conjecture to be tested, therefore, is that the rank ordering of relevant
measures of health across countries should be reasonably closely correlated with the rank
ordering of the lagged values of the level of GDPPC across countries. A similar conjecture
applies with respect to economic institutions. The third conjecture to be tested is that the
rank ordering of the measure of the complementarity effect across countries (for which
relevant data is available) for the same year should be even more highly correlated with the

rank ordering of the lagged values of the level of GDPPC across countries.

These rank correlation tests are applied by making use of relevant data for the late
20™ century to estimate the relevant Spearman rank correlation coefficients. The sources
for the data and the definitions for the variables employed are set out in Table 9.1. The
data for measures of health, economic institutions and education (which is a component of
economic institutions as defined in Section 2) respectively are all for time periods or years
prior to the years set to measure GDPPC by country (viz. 1995 and 2000 respectively).
Thus the measures for economic institutions (excluding education) are for the early to mid-
1980s, the measures for education are for 1980 and 1990, the levels of health are
averages for the 1980s (for the child mortality rate) or the period 1960 to 2000 (for the adult

and total mortality rate), while the measure for malaria is for 1994.

Tables 9.1 and 9.2 come about here.
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The relevant Spearman rank correlation coefficient estimates set out in Table 9.2 all
have the expected sign and are all statistically significant at the 1 per cent level and take
comparative values more or less consistent with the previous conjectures. In particular,
and as the previous conjectures indicated, the value of the estimated rank correlation
coefficients for health and partial economic institutions (a measure that leaves out a
measure of education) alone are distinctly smaller than that for the full complementarity
measure (which is the product of measures of health, partial economic institutions and
education). That said the values for the Spearman rank correlation coefficient estimates for
all the explanatory variables are comparative large. Thus the estimates of the correlation
coefficient for the various measures of health on the level of GDPPC for 1995 or 2000 are
within the range — 0.72 (for total mortality) and -0.90 (for child mortality). Smaller rank
correlations are estimated for partial economic institutions — viz. within the range 0.60 and
0.68. However, once these two deep determinants are combined, or either of these two
deep determinants is combined with a suitable measure of education, then the relevant
rank correlation coefficient estimates tend to take larger values (compared to those for
health or economic institutions alone). Thus, for instance, the estimate of the rank
correlation coefficient for the measure of full economic institutions on GDPPC(1995) is
0.90, or 0.88 when GDPPC(2000) is applied.*® Most interesting of all, the relevant rank
correlation coefficient estimates tend to take even larger values (compared to those for
health or economic institutions alone) when some suitable measure full economic
institutions is combined with a suitable measure of health (viz. the full complementarity
measure). In this instance the relevant Spearman rank correlation coefficient is just over
0.93 in the instance of GDPPC (1995), and takes a value of 0.91 when GDPPC (2000) is
applied. It seems fair to say that this last set of rank correlation coefficient estimates in
particular is remarkably high given that many other factors, besides the full complementarity
effect, also could influence the rank of order of GDPPC across countries at the end of the

20" century.?*

3 As indicated in Table 9.1, the term ‘full economic institutions’ is defined here as some relevant partial

measure of economic institutions multiplied by number of years of education for some relevant age group for

1980 or 1990.

* The size of the data set employed for the full complementarity measure is distinctly smaller than that for the
measures of health and (partial) economic institutions respectively. This is due the fact that the data sets for the
measures of education are smaller than those for health and (partial) economic institutions respectively.
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The results presented in Table 9.2 tend, therefore, not to contradict an implication of
the posterior beliefs set out in the previous section. Thus while the level of health for a
country tends to influence the level of GDPPC for this country, the empirical results set out
in Table 9.2 also suggest that its full influence only comes into operation when it is
combined with adequate levels of economic institutions (broadly defined to include the level

of education) — as those posterior beliefs suggest.

The general line of argument developed in this section however, needs to be qualified.
First this discussion has presumed that the direction of causation goes from the level of
health, or economic institutions, or a composite of these variables through to the lagged
level GDPPC for the country concerned. There is likely to be some reverse causality or
endogeneity present, however. Within the present context, however, the relative
importance of this possibility presumably has been mitigated by comparing lagged values of
GDPPC with the relevant explanatory variables. In addition there is bound to be a range of
other factors - besides just the deep determinants of health, economic institutions and a
composite of these variables — that are likely to have had an influence on the level of
GDPPC for any given country at the end of the 20" century. This matter is not considered

here, however.

An implication of the last set of remarks is that the test provided here, of the posterior
beliefs set out in the previous section, is not strong. Be that as it may, at least the empirical

evidence provided by this test is not inconsistent with those qualified beliefs.

10. Brief comments on some related literature

() Comparable studies that applied a different methodology: Taken together, the
qualifying remarks that have just been made and the statements in the Posterior Beliefs 8.1
and 8.2 tend to contradict the relevant findings presented in a recent literature that applies
the methodology of randomized controlled trials (RCT) in the attempt to derive insights, at
the micro level, into the influence that a significant increase in a particular dimension of
health is likely to have on some component of economic development (such as school
enrolment and attendance rates, future wage earnings and so on).>® Before turning,

however, to assess one of the relevant results generated by the application of this

BA survey of this literature is to be found in Jack and Lewis (2009). Also see Belli, Bustereo and Preker
(2005), Miguel (2005) and Duflo, Glennerster and Kremer (2008).
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methodology it is noted that in epistemology this methodology has been championed by
some in the medical sciences and the economics of development (at least) as being
superior to any other (methodology).*® The argument supporting such a view is flawed,
however, as Worrall (2007) has demonstrated at some length within the context of the
medical sciences. Here essentially one of the main points presented by Worrall (2007: 994
— 5 and 1003 — 8) is applied in the assessment of a particular finding, based on the

application of RCT, in the economic development literature.

This finding is that generated by Miguel and Kremer (2004) where was found that an
intestinal de-worming program in western Kenya reduced student school absenteeism by at
least a quarter in the treated (compared to the control) group of primary schools. No other
beneficial effects were observed. Most important of all no mention was made of the level of
economic institutions present in the community concerned or, for that matter, any other

potential confounding variable.

Presuming that the Miguel-Kremer finding is correct,® the previously-stated posterior
beliefs and their associated qualifying remarks clearly imply that this finding may well not be
applicable in other developing countries. This is easily seen by applying the thought
experiment that the level of economic institutions in western Kenya next falls to an
extremely low level (as would be the case if, for example, social and political anarchy
became prevalent). Alternatively, or in addition, this thought experiment may take the form
of assuming that teacher absenteeism rises to such a high level that parents do not bother
to send their children to school — even though their children have been treated for worms.

Within any of these contexts the Miguel-Kremer result most likely would cease to apply.

% Worrall (2007: 983 for instance) cites sources that, in the past have strongly recommended the use of

RCT, instead of the use of any other methodology, in the experimental medical sciences. Within the context

of development economics Deaton (2009: 24, 43) cites a number of sources that suggest that RCT
methodology sets the benchmark against which other methodologies should be judged.

%" There is room for doubt regarding this matter as Deaton (2009: 39 - 40) has pointed out. First, in the Miguel and
Kremer (2004) study the sample of schools included in the treated and control groups respectively in fact were not
randomly. Instead they where selected in alphabetical order. Hence the balance of the basic before-treatment
characteristics for each of these two groups of schools may be influenced by this method of selection. Second, only the
mean school absentee rates were provided for these two groups of schools. No information is provided regarding the
distribution of the absentee rates across each group. Hence there is no way of knowing if the mean level of the school
absentee rate for the treated group is statistically significantly different (at the normal level of significance) from that for the
control group. Hence the difference in the mean absentee rates between the two groups may just be the result of chance.
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This observation actually points to a deeper more general weakness with the Miguel-
Kremer finding, and that is that in all likelihood there is some confounding factor — that may
be unanticipated — that emerges or applies in certain communities that has the
consequence of ensuring that the Miguel-Kremer result just does not apply in these
communities. Put differently, the only guarded conclusion that can be drawn from the
Miguel-Kremer finding is that it is likely to hold in a particular developing country if the
general set of circumstances, or the general context that applies in this country is very
similar (if not identical) to that which applied in western Kenya at the time when the relevant
RCT, reported by Miguel and Kremer, was performed. Alter (possibly not too drastically)
these circumstances in the developing county concerned and the Miguel-Kremer result may

no longer apply in this country.®

While these general comments apply to the Miguel-Kremer result, the same broad
comments also can be applied with respect to a number of historical quasi-controlled
experimental (not RCT) studies - such as those by Utzinger et al. (2002) and Bleakley
(2007, 2009) respectively — that assess the impact that increases in the level of health have
on some partial measure of economic performance. In the instance of both of the studies
just cited no allowance was made for the level of economic institutions present in the
particular communities being studied. More generally, these studies made no reference to,
and made no allowance for possible confounders that, if present, had the potential to
completely undermine the conclusions that these authors drew from their respective

historical studies. (This theme is developed in more detail in Martina, 2009: Chapter 5.)

(i) The demographic transition issue: The matter of the channels along which
improvements in the level of health, in combination with an adequate level of economic
institutions will influence the level of GDPPC for a developing country is far too complex an
issue to be considered here.®* Nevertheless it is noted in passing that, and as was
mentioned in the introduction, it has been argued that while an improvement in the level of
health in a developing country may increase its level of GDP, this improvement also will

induce such a marked increase the rate of growth of population that the rate of growth of

% Also see Deaton (2009: 41 — 43) for a slightly different perspective regarding the issues addressed in the
main text.
% A detailed discussion of these matters is provided in Martina (2009: Chapter 8).
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GDPPC will decrease in this country. Some empirical evidence (based on highly
aggregated data) to support this neo-Malthusian argument was provided by Acemoglu and
Johnson (2007) and Ashraf, Lester and Weil (2009).

As a broad empirical generalization this evidence is misleading. Above all it does
not take account of the wide range of demographic changes experienced by developing
countries since the 1960s on. This point is explained in some detail in Martina (2009:
Chapter 8).*° Thus, as pointed out there, this statement has tended to be contradicted by
the relevant empirical evidence for those developing countries that in the past have
experienced the process of moving through the demographic transition. Thus in the
instance of those countries listed in Table 10.1 each, in the respective relevant time period,
experienced a significant fall in the child mortality rate (or rise in life expectancy in the
instance of Japan) which was associated with a fall (not rise) in the total fertility rate and the
rate of growth of population. During this demographic transition there also was a significant

and sustained rise in the rate of growth of GDPPC.
Table 10.1 comes about here.

What is more there appear to be a satisfactory theoretical argument why a developing
country will tend to experience a decline — not an increase - in the rate of growth of
population as a consequence of an increase in the level of health when complemented by
the presence of an adequate level of economic institutions.* Naturally, and not
surprisingly, by altering this set of circumstances - such that the relevant complementarity
effect does not come into operation since, for example, the level of economic institutions is
well below their threshold level - and the outcome may well be quite different as a

consequence of an increase in the level of health. (This seems to be the particular, but

““The argument developed in Martina (2009: Chapter 8) in fact draws heavily on Martina (1996).

“ Specifically when the complementarity effect, between adequate levels of health and economic institutions, comes into
operation this tends to create a range of new and profitable economic opportunities that provides the incentive for
(altruistic) parents to expend significantly more on the education of their children in order that they may take advantage of
these opportunities. To attain this end, however, parents will need (due to the limiting budget constraints that households
are faced with) to reduce the number of children they desire. This change in behaviour is also encouraged by the fact that
the presumed expanding economic prospects will increase the opportunity cost for mothers of acquiring and raising
children. In this set of circumstances the relevant, albeit limited, empirical evidence for developing countries indicates that
the total fertility rate may fall appreciably.
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only, situation considered implicitly by Acemoglu and Johnson (2007) and Ashraf, Lester
and Weil (2009).)
11. Conclusions

It would be an error to drawn the conclusion from the previous discussion that no
attempt should be made in a poor developing country to increase the level of health in this
community up to at least a threshold level in the attempt to raise the rate of growth of
GDPPC in this country. On the contrary clearly that discussion indicates that raising the
level of health in this community almost certainly needs to be a component, but only one, of
a number of components in a range of public policies directed at achieving this end. Thus
not only should the level of health be raised to at least the required threshold level but also
the level of the various elements of economic institutions (as defined in Section 2) needs to
be raised at least to some threshold level. Failure to implement this combination of
complementary public policies (assuming that the level of economic institutions is below its
threshold level), by only expending additional resources on attempting to raise the level of
health, is likely to end in disappointing results being achieved regarding raising the rate of

growth of GDPPC in the poor developing country concerned.
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Table 5.1
Various relevant pieces of data for China, Malaysia, Korea, Malaysia and
Taiwan.
Country Time Average Average Adult Institutional
Periods growth under 5 mortality Change
rate of mortality rate | rate per
GDPPC per 1000
1000 adults
Live births
(People’s 1960 - 77 2.8 194 (1960-64) | 661 (1960) End of Great Leap Forward.
Republic 104 (1970-74) | 215 (1970) Cultural Revolution begins 1966 and
of) 1979 — 88 8.7 50 (1980-84) 167 (1980) ends 1978. Institutional reform begins
China® at end of 1978 and continues up to the
1989 — 2005 | 8.9 38 (1995 -99) | 135(2000) present. It is associated with a wide
range changes in economic policy.
Malaysia® 1961-1969 | 3.4 86 (1960 - 64) | 404 (1960) Riots in 1969.
53 (1970 - 74) | 256 (1970) New economic policy announced in
1972 — 84 6.0 26 (1980 - 84) | 190 (1980) 1971.
Initially import-substitution polices.
1985 - 97 5.0 15 (1995 -99) | 141 (2000) Later export-orientation policies also
followed. Comparatively rapid
expansion of the level of education
from 1957 on.
(Republic of) 1961 - 65 3.0 114 (1960 - 374 (1960) Strictly planned centralized
Korea® 64) administrative guidance program prior
1966- 79 7.1 318 (1970 to early-1960s.
71 (1970 -74) | 213 (1980) Subsequently series of policy changes
1980 -2005 | 7.0 141(2000) aimed at encouraging exports (in
12 (1995 - 99) 1960s) and heavy and chemical
industries in the 1970s.
Comparatively rapid expansion of the
level of education form 1950s on.
Vietnam® 1985 — 91 2.8 74 (1970 — 74) | 408(1960)
65 (1980 - 84) | 233(1980) Institutional/economic reform begins
184(1990) with Doi Moi program in 1986. Civil
1992 — 2005 | 6.7 40 (1995 -99) | 135(2000) code introduced in 1995. Institutional
and economic reform still in progress.
Taiwan®™ 1953 — 62 3.57 45 (1957) 458(1957) Centrally planned economy prior to
(Republic 38 (1960) 415(1960) 1959 with emphasis on import
of substitution. From early 1960s on this
China) 1963 - 79 7.84 20 (1970) 336(1970) policy maintained along with also
12 (1980) 301(1980) encouraging exports and heavy and
chemical industries.
1980 - 96 6.05 6 (1990) 212(2000) Comparatively rapid expansion of the

level of education for 1950s on.

Sources: (a) Data on USMR Ahmad et al. (2000). The rest of data is from World Bank (2006), World Development

Indicators as of December 2006

(b) Various years of the Statistical Yearbook of the Republic of China (Directorate General of Budget, Accounting and
Statistics, Republic of China).
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1

2

Dependent
Variables

GDPPC (PPP)
1995

GDPPC(PPP)
(2000)

Other Variables

Malaria

Under-Five Child
Mortality Rate
Average 1980s

Adult

Male Mortality
Approx.
early-1980s

Total
Mortality Rate
approx

early- 1980s

Rule of Law

Table 9.1

Variables, definitions, sources and summary statistics

Number Mean

Definition and Sources

PPP ($US) 164
adjusted per capita GDP in 1995

(constant prices: chain price series)

Source: Heston, Summers and Aten (2006)

PPP ($US) 165
adjusted per capita GDP in 2000

(constant prices: chain price series)

Source: Heston, Summers and Aten (2006)

or Regressors utilizes in various forms of regressions

Proportion of the 165
population at risk of contracting malaria

in 1994 multiplied by an estimate of

the proportion of the fraction of

Plasmodium falciparum cases.

Sources: Gallup and Sachs (2001)

Number of deaths for children under the 152
age of five years per thousand children
live births. Average for 1980 — 1989.
Source: Ahmad, Lopez and Inoue (2000)
Adult Male Mortality Rate (age 15 — 60). 148
Number of male deaths per thousand in
this age group. Average for 1960 — 2000
Source: Lorentzen et al. (2005)

Total Mortality Rate. 145
Average for 1960 — 2000.
Source: Lorentzen et al. (2005)

Measure of the soundness of 120

for early 1980 political institutions. A rise in the index indicate:

(without education)

Repudiation
for early 1980s
(without education)

Expropriation
for early 1980s
(without education)

an increase in the level of the rule of
law. Source: International Country
Risk Guide (ICRG) Data, IRIS-3

file. Average 1982 — 1985

Risk of Repudiation of contracts 120
by government. Index 0 to 10. An increase

in index denotes a reduction in the risk

of repudiation. Source: International

Country Risk Guide (ICRG) Data, IRIS-3

file. Average 1982 — 1985

Risk of expropriation of private investment. 120
Index 0 to 10. An increase in index denotes a
reduction in the risk of expropriation. Source:

of obs.

8084.661

9431.127 9693.365

0.3608

89.461

0.3129

0.0128

3.114

5.6971

6.171

Std Dev.

8150.638

0.4349

79.148

0.1361

0.0055

1.6167

2.0507

2.0716

Min

170.55

359.15

0

7.5

0.126

0.005

2.1

1.99
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Max.

32091.43

48217.27

331.5

0.573

0.029

10

10



10

11

12

13

14

15

16

17

Education 1

Education 2

Education 1

Education 1

Education
combined with
Health

Full Economic
Institutions:
Partial
Economic
Institutions
combined with
Education

Partial

complementarity

measure

Full

complementarity

measure

International Country Risk Guide (ICRG)
Data, IRIS-3 file. Average 1982 — 1985.

Number of years of education for 15 years 93 5.5080 3.4447 0.23
of age plus for 1980. Source Cohen and Soto

(2007)

Number of years of education for 15 years 93 6.4329 3.4230 0.44
of age plus for 1990. Source Cohen and Soto

(2007)

Number of years of education for 25 years 93 4.7021 3.3015 0.105
of age plus for 1980. Source Cohen and Soto

(2007)

Number of years of education for 25 years 93 5.6580 3.4019 0.218
of age plus for 1990. Source Cohen and Soto

(2007)

[The measure of education for

1980 or 1990] multiplied by [the inverse of
some relevant mortality rate

for early 1980s]

[Some

relevant economic institution for early
1980s] multiplied by [the measure

of education for

1980 or 1990]

[Some relevant economic institution

for early 1980s ] multiplied by

[the inverse of some relevant mortality rate
for early 1980s]

[Some
relevant economic institution for early

1980s] multiplied by
[the measure of education for 1980 or

1990] multiplied by
[the inverse of some relevant mortality rate
for early 1980s]
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12.65

13.21

11.853

12.444



Table 9.2

Spearman Rank Correlations

Relevant Variable against GDPPC 1995 and 2000

Class of Explanatory GDPPC 1995" GDPPC 2000"
Explanatory Variable
Variable
Malaria -0.7259* -0.7402*
(150) (152)
Child mortality -0.8956* -0.8846*
Measures of (147) (148)
Health
Adult mortality -0.8088* -0.7993*
(141) (144)
Total mortality -0.7440* -0.7217*
(139) (142)
Rule of Law 0.6400* 0.6303*
(116) (118)
Measures of Partial
Economic Institutions | Repudiation 0.6261* 0.6025*
(viz. without (116) (118)
education)
Expropriation 0.6849* 0.6569*
(116) (118)
Number of years of 0.8731* 0.8476*
education 25 years (92) (92)
Measures of plus in 1990
Education
Number of years of 0.8716* 0.8470*
education 15 years (92) (92)
plus in 1980
(Rule of Law) / (Child | 0.8404* 0.8350*
Partial mortality 1970 - 89)
Complementarity
Measure: (Expropriation)/(Child
Partial Economic mortality 1970 — 89) 0.8601* 0.8549*
Institutions (viz.
without education)
combined with Health
(Number of years of
education 15 years 0.9101* 0.8945*
Education combined plus 1980) / (Child (91) (92)
with health mortality rate 1970 -
89)
(Number of years of
education 15 years 0.9049* 0.8799*
plus 1980) / (Total (87) 91)
mortality rate)
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education 15 years
and above in 1990)

Full measure of (Number of years of 0.9040* 0.8807*
Economic education 15 years (86) (87)
Institutions: and above in 1980) x
Economic Institutions | repudiation
combined with
education
[Rule of Law / child
mortality 80-90] x 0.9301* 0.9122*
(Number of years of (85) (86)
education 15 years
Full Complementarity | and above in 1980)
Measure:
Partial [Repudiation / child
Complementarity mortality 80-90] x 0.9320* 0.9073*
Measure (Number of years of (81) (86)
Combined with some | education 15 years
measure of education | and above in 1980)
[Repudiation / total
mortality rate] x 0.9365* 0.9128*
(Number of years of (81) (86)

*Correlation coefficient significant at the one per cent level.
'Data in brackets refers to the number of observations.
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Table 10.1
Various relevant pieces of data for Japan, China, Malaysia, Korea, Vietnam and Taiwan.

Adult Average Average
mortality rate | under 5 population
Country Average per mortality rate Life expectancy at Total fertility rate growth
Time Period growth rate 1000 per birth Rate per annum
of adults 1000 (%)
GDPPC live births
Japan® @ 1937- 1956 0.53 13
46.9 (1935-36)
49 (1955 — 59) 3.638(1950)
1955 9.0 23.9 (1945) 2.365 (1955)
1956 8.6 35 (1960 - 64) 42.6 (1946) 2.006 (1960)
1956 - 1969 11.31 61.9 (1952) 2.011 (1961 — 65) 1.02
22 (1965 - 69) 63.6 (1956) 2.008 (1966-70)
65.5 (1960)
(People’s 1960 — 77 2.8 661 (1960) 194 (1960-64) 6.06 (1968) 2
Republic 215 (1970) 104 (1970-74) 3.32 (1978)
1979 — 88 8.7 167 (1980) 50 (1980-84) 15
China®®@ 2.5 (1983)
1989 — 2005 8.9 135(2000) 38 (1995 - 99) 1
1.95 (1.993)
Malaysia® @ 1961 35 404 (1960) 86 (1960 - 64) 6.83 (1953) 3
256 (1970) 53 (1970 - 74) 5.59 (1968)
1972 - 84 6.0 190 (1980) 26 (1980 - 84) 4.76 (1978) 25
4.00 (1988)
1985 — 97 5.0 141 (2000) 15 (1995 - 99) 3.62 (1993) 2.5
(Republic of) 1961 — 65 3.0 374 (1960) 114 (1960 -64) 6.07 (1958) 3
Korea® @
1966- 79 7.1 318 (1970 71 (1970 - 74) 4.52(1968) 2
213 (1980) 2.59 (1978)
1980 — 2005 7.0 141(2000) 12 (1995 - 99) 1.7 (1985) 1
Vietnam™®@® | 1985 — 91 2.8 408(1960) 74 (1970 - 74) 5.85 (1973 2
233(1980) 65 (1980 - 84) 4.69 (1983)
184(1990) 3.30(1985 - 90)©
1992 — 2005 6.7 135(2000) 40 (1995 - 99) 2.60 (1990 — 95)© 1




