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Abstract

Existing literature demonstrates clearly that knowledge is the sum of common knowledge and
uncommon knowledge. Common knowledge is mostly inherited and it may or may not have
scientific bases. Uncommon knowledge is mainly a product of the motions of science and
technology. Scientific and technological motions depend on human capital, so that world knowledge
is human capital by implication. From here analysis is not so unusual as the concept of human capital
is not new. Through out history people have been interested in valuing human life. What prevented
rapid progress in the beginning was inhibitions to likening humans to machines. As soon as
economists overcame their inhibitions, human capital theory developed quickly along the familiar
logistic curve, picking up speed after Mincer devised a practical formula for it. However, the
Mincerian equation formalized a misconception in three ways. First, it based human capital only on
labor, thereby overstating the production role and disregarding the importance of human capital in
innovation and knowledge creation. Second, it measured human capital as an area, ignoring common
language and undersfanding that as knowledge human capital is at least 3D “solid”, with depth,
width, and the fime over and in which it accumulates. Finally, it neglected key interactions between
the quantity and quality indicators of human capital. These misconceptions are what this paper tries
to shed light upon by proposing a commonsensical measure of human capital as a volume. Analysis
finds that disregarding interactions our commonsensical measure of human capital is larger than
conventional Mincerian measures of human capital, Taking interactions into account, it is possible
for our measure to be larger, smaller, or equal to conventional measures.

Key phrases: 3D human capital, Mincerian human capital, scientific knowledge, technological knowledge,
common knowledge, wide knowledge, deep knowledge, solid knowledge, intimate knowledge, acquired
knowledge, inherited knowledge
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1. Introduction

Economists and allied scientists have long recognized that human knowledge is fundamental to
human existence. An exhaustive review of the vast literature on this subject is literally impossible
to conduct. Selectively, and for a more recent example, Stephen Parente and Edward Prescott (1994)
used firm-level data and found that technology is a key factor in long-run economic growth and
development (cf. Nelson, 2005, Foray, 2004). However, they also noted that technological change
depends on investment in technology, and “the amount of investment required by a firm to go from
one technology level to a higher technology level depends on two key factors: the level of general
and scientific knowledge in the world and the size of barriers to adoption in the firm’s country” (p.
299, cf. Romer, 1990). They have dubbed this knowledge stock “world knowledge,” and it is the sum
of “general knowledge” and “scientific knowledge,” both assumed to be given and “to grow
exogenously.”

In this paper I generalize the Parente-Prescott insight to countries. I begin the generalization by
defining human knowledge as fechnology plus human capital. Second, I characterize world
knowledge by reviewing some present-day Mincerian measures of human capital. Finally, I propose
a commonsensical measure of human capital as a volume rather than as an area.

2. Characterizing Human Knowledge (A)

Let us assume an economy with a Parente-Prescott world fhuman] knowledge (A), consisting of
general knowledge (A,) and scientific knowledge (A,). This designation is not without precedent.
Hayek (1937, 1945, 1974) divides A into scientific knowledge and common (ordinary) knowledge,
where common knowledge can either drive or constrain scientific knowledge.! From such
background support I claim that A, consists of technological knowledge (A ) and human capital (1),
such thatA4 =Ag+AS by definition. General knowledge (A,) depends on the world population (N),
which is a function of both past (-1) and present (1) time, i.e., 4, =/IN(-1,0)). Now if we supposc
A, is at least weakly independent of, or strongly separable from H , and that 4_and 4_ are strongly

dependent on, or weakly separable from H,” then
A=Ag+As:Ag+(l +At)H. (1)

Eq. (1) assumes that A, and A_ are additive, which is a very strong assumption. Let us assume them
to be multiplicative in the raw and additive in the natural logarithms so that

'T have seen somewhere Hayek’s common knowledge described as “day-to-day knowledge”, but T
am sorry I am unable to trace the source.

2All variables are time-indexed, although for convenience often I have ignored the time subscript.
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A=4 [(1+4)H], 19

which is consistent with Hayek. From here sinceAg =f(N(t-1,£)), it can be assumed to grow at the rate

n equal to the rate of growth of N. The implication is that A, is a socioeconomic inheritance.
Microeconomic applications to of such a perspective would include Becker, et. al. (1981), Becker
(1992), Becker, Glaeser and Murphy (1999), and Zimmerman (1992). At the macroeconmic level
the connection between inheritance and economic performance is not as straightforward, because
A, is passed on trans-genetically and intergenerationally through complex institutional channels and
mechanisms (Becker, et. al., 1981). Even so, there are enough papers that one can go to, to explore
that connection. For example, Agarwal, Echambadi, and Sarker (2004} examined how knowledge
inherited from one business organization influences the performance of another receiving it (cf. Dun,
2003). They found that inherited knowledge augments self-acquired knowledge and thereby increases
the probability of firm survival.

Bowles and Gintis (2000, 2002) developed an innovative model for measuring the intergenerational
inheritance of income/wealth inequality, which is easy to understand and apply to describe the
transfer of A, In their model,

Ag:Ag+W(Mg) +eAg )

where A ¢ is the mean stock of A, available in the initial period, v is the intergenerational coefficient

of A, , 1~y is the coefficient of the distance,Ag—)_[_;AA o OF the coefficient of inheritance progress

across generations, and e is the random error term, of which the precise structure is unknown «a
priori. Bowles and Gintis conclude that 1-y is getting smaller (bigger) the more (less) inherited
A,, such that

A=[A YA e J(1+4 )H). 3)

Conceptually, given(1+4 )H, and because A, growth rate is n, (3) can be written as

A=[(A, +yBA +e N ™[(1+AYH]=[(A Noe ™I[(1 +A)H], @)

where (4 A is common knowledge available to N at t =0 and inherited by next generations in t>0.

And we know from Arrow (1969) thatn+0, so that the growth of A, A4,is




A=9An+(1+4)H, An=n"- n<0, (5)

where n is actual growth rate of N, # is average growth rate of N, and #* is desired (target) growth
rate of N. Hence, according to (5) the dynamics of A are mainly due to H. Thus, (4) is similar,
though not identical, to the so-called Verdoorn-Kaldor hypothesis by which the rate of change of A
is endogenously determined by learning from experience ( cf. Kaldor, 1961, 1962, 1966, and also
Choi, 1983, 148-180),1.e.4,=exp(f{4,._ l,b,f" ), where b is the technical efficiency of the production
process as experienced from previous times (cf. Kalecki, 1971), and the functional form of the

dynamics is notas important as its determinants. Alwyn Young (1991, p. 371, cf. Young, 1928) has
]

called b the “progress elasticity,” where ¥(£)= f Qdt is cumulative production up to and including the
0

tth year (cf. Amavilah, 1997, Harris, 1992). A key difference is that the Verdoorn-Kaldor effect is

assumed to be quadratic, whereas (4) may, or may not, be quadratic.

Because A(¢-1) and b are both likely unknown a priori, an alternative, easy, and natural conception
of A at the aggregate level is to observe that an economic activity like Y ultimately depends on the
economy’s entire technical capability (A), which we can approximate as the product of A at t =0
(A,) and the cumulative human development index (HD)), i.e.,

A = Al aer x- [mar = HDL (6)

Then from Amartya Sen (1997) and his UNDP colleagues, see, e.g., Anand and Sen (1994), let
x=HDI=H W 9Y ¢, where H is the human capital index of the population, W is the wellness (health)

indicator of the population often measured by life expectancy at birth, and Y is the material
conditions of the population measured as GDP, andc=d=e=1/3 are weights (UNDP, 2007/2008).

Algebraically, H=(x/(W Y )¢, This means

A=[(A +yA e DN [ +A ) WY ), ey=le, e,=—dlc, c,=—elc. )

Solving (6) for Y we get the following nonlinear production function of A and H:

Y=-— 4 . c]c’:f(A'.,H). (6"
[(4,+WAA +e JNge "T[(1+4 )x "W




Once again, the essence of (6") is consistent with Hayek (1937, 1945, 1974) in that Y depends on
knowledge, but knowledge is a balance between A, and (1+4 )H. In fact, A, determines the uses of

(1+4)H to the extent it influences the adoption and spread rates of (1+4)H, and because it

depreciates faster than it appreciates. One can further follow an old idea summarized by Morton L
Kamien and Nancy L. Schwartz (1977) by which A is both Arrow-learning to capture technological
change, as well as Hicks neutral to reflect technical progress (cf. Solow, 1997, 1960, 1957, 1956,
Swan, 1956, 2002, Hicks, 1963[1932]), such that A evolves as

A=A e, (7.1)

where y is a learning function of cumulative Y(t) in response to inputs, especially H (Amavilah,
1997, Amavilah and Newcomb, 2004, Newcomb, 1976). In other words, fory=¢¥ E(t), so that

A=de vwloar _, 4 =gtV 4, (7.2)

where £ = b is Young’s elasticity of technical progress (Arrow’s learning effect), and o is the
conventional Hicks neutral effect (cf. Morishima and Saito, 1968, Equations 7 and 8, pp. 422-423,
Allen, 1967, Chapter 13). This is in line with the historical “idea of progress” (Bury, 1960[1932]).

The basis for (7.2) is that in “Technology: More or less?,” for example, Kamien and Schwartz (1977)
tell us that “technology is application of known physical, social and behavioral principles to
production of existing goods and development of new ones. Advances in technology involve both
deepening the knowledge base and expanding its area of application” (p. 502, italics added). This
much economists have known for long now (see Marx), although they “have been slower to realize
that the pace and direction of technological advance are” endogenous (p. 501). Way back then, Adam
Smith thought that technological change came from small improvements in labor productivity
resulting from the division of labor. In this sense technology is exogenous like “manna from
heaven”. Indeed, re-examining Smith, Sherwin Rosen (1983) concludes that the rate of return from
H depends on its utilization rate, which depends on factor specialization. Hence, “technical change
in the development of new knowledge increases the amount, complexity, and productivity of skills
available to be acquired and increases fixed elements of investment costs that are independent of
utilization. This is one reason why the rate of return to education does not fall with economic
development and why education is a more desirable investment in advanced economies than in
undeveloped ones” (p. 48).

It is understandable why the high demand for education means high demand for investment in
education in advanced economies. It is unclear and counterintuitive to suppose that education is a
desirable good in some countries and an undesirable bad in others. However, Kamien and Schwartz
also point out that Smith meant that technological revolutions happened only because of “men of
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independent means, who had the time to observe and study fundamental regularities of nature” ( p.
502). Thus, some interpretations understate the fact that Smith did understand that technological
change was a function of both resources and incentives, and hence it was endogenous, although it
took years before JR Hicks (1963[1932]) hypothesis of “induced technological advance”, and J.A.
Schumpeter’s (1939, 1942) extension of both entered standard theory.

3. Characterizing Human Capital (H)

This section briefly describes (a) the evolution of the H concept, and (b) the early Mincerian
measures of H. The next section proposes a commonsensical measure of H as a volume vis-a-vis
previous measures which calculate H as an area. The implications for policy and further research of
this commonsensical measure are considerable.

Evolution of the concept of H

What philosophers Bertrand Russell (1948, 1956), and Nicholas Capaldi (1969) independently have
called ‘human knowledge’ has always been valuable to human activities from the beginning of
humanity (Amavilah, 2009). However, for much of human history, it has been A_ that has been

openly and frequently expressed in human activities ranging from tool-making, war-making, hunting
and food gathering to hi-tech goods and services today (Varian, Farrell, and Shapiro, 2004). Without
a systematic alphabet, reading, and writing, formal education and training were nearly impossible, so
that all H came from experience. Morcover, experience as a key determinant of H was limited by the
short life-expectancy of the inheritors. Consequently, it was hard to accumulate and spiead, scientific
knowledge (Ede and Cormack, 2004).

Despite the above, the importance of A in economic, as in other human, endeavors has long been
acknowledged, see, e.g., Marshall (1961), Smith (1952 [1937]), cf. Stigler, 1957), Marx (1859, 1906;
cf. Blaug, 1976), Hayek (1937, 1974, 1977), Sowell (1996), and so on. It is the precise measurement
of A and hence H that remains an active challenge to-date, but not for lack of effort. E. Cohn’s (1979,
p. 13) attempt to define and measure education (an aspect of H) took him back to Leviticus in the
Bible where the value of a person was understood to depend on the person’s gender and age. Male
persons were more valuable than female persons; and persons younger than 20 years and older than
60 years were less valuable than persons between the ages of 20 and 60 years old . This means that
H was primarily a function of gender and experience, where gender is exogenous (determined by
biology) and experience by age. Looking back we now know that such an understanding of H
influenced policy-making including the exclusion of women from the formal educational systems and
the mandating of children 16 years old and younger to be in school, both still current policies around
many parts of the world.

Further along the way, we find Adam Smith (1952) essentially equating improved labor productivity
to H. As he said it, “a man educated [to acquire| extraordinary dexterity and skill, may be compared
to ... expensive machines. The work which he learns to perform, it must be expected, over and above
the usual wages of common labor, will replace to him the whole expense of his education, with at




least the ordinary profits of an equally valuable capital” (pp. 42-43; cf. Stigler, 1957). Following
Smith, Nassan Senior’s calculation finds H more important than K in Great Britain. Later J.S. Mill
(1909) estimated H as a person’s expenditure on raising a child up to a certain age. In fact, it is clear
even from “a primitive theory of production” as described by Sir William Petty’s The Political

Anatomy of Ireland (1971} that

by the same way we must make a par and equation between art and simple labour; for if by
such labour I could dig and prepare for seed a hundred acres in a thousand days; suppose then
Ispend a hundred days in studying a more compendious way, and in contriving tools for the
same purpose; but in all that hundred days did nothing, but in the remaining nine hundred
days I did two hundred acres of ground; then I say, that the said art which cost but one
hundred days’ invention is worth one man’s labour for ever; as much as two men could have
done without it” (quoted by E.A.J. Johnson, 1965, p. 257).2

The preceding quote shows that the story of H is not new. Karl Marx (cited above) thought of H as
‘labor power’, quite distinct from the act of working. According to that view labor has a larger
economic rent than land, but the problem in Marx’s mind, and hence “the emancipation question,”
was that the economic rent of H was being appropriated by the bougoisie (“squanders of labor
power™), and made a part of exploitative physical K. Wolfson, Ozech, and Hanna (1986) have
dubbed such rent appropriation phenomenon “the depletion of human capital as an open-access
resource” (cf. Hotelling, 1931). This of Marx’s influences continues as evident from Bowles and
Gintis’s (1975) argument that “neoclassical economists have long treated labor as a commodity. ...
Human capital theory is the most recent, and perhaps ultimate, step in the elimination of class as a
central economic concept. ... Every worker, the human capital theorists are fond of observing, is now
a capitalist” (p. 74). Bowles and Gintis lament further that by failing to recognize that production is
social reproduction, H theorists underestimate the value of human resources, and by doing so fail to
appreciate fully Julian Simon’s (1981) insight that “the main fuel to speed our progress is our stock
of knowledge, and the brake is our lack of imagination, [for] the ultimate resource is people — skilled,
spirited, and hopeful people who will exert their wills and imaginations for their own benefit, and so,
inevitably, for the benefit of us all” (p. 348). Nor, it appears, does the Bowles-Gintis argument
account for Wesley Mitchell’s proposition that “incomparably greatest among human resources is
knowledge. It is greatest because it is the mother of other resources” (Zimmermann, 1951, De
Gregori, 1987).% Inspite of that wisdom, Bowles and Gintis question the end use of H by arguing that
schooling, for example, does not enhance human welfare; it simply perpetuates “sexism, racism, and
elitism.” Instead of educating “good workers,” schooling promotes worker oppression and wage

*This quote is from Johnson’s book and the page number refers to that book; I have not
read Petty’s book.

*1 first heard the quotes by Julian Simon and Wesley Mitchell from my Professor DeVerle P,
Harris of Department of Mining and Geological Engineering, and Deaprtment of GeoSciences both at the
University of Arizona, but have since read Simon’s The Ultimate Resource (1981), and Zimmermann’s
World Resources and Industries (1951, Chapters 1 and 9), and De Gregori’s (1987) review article
“Resources are Not, They Become: An Institutional Theory.”




inequality, and hence “it provides, in short, a good ideology for the defense of the status quo” (p. 82).
Thus, il is irefficient because it makes someone better-off at the expense of another; it is unfair
because it justifies such inefficiency. Other criticism of the Chicago-school theory of H has come
from Michael Spence’s (1973, 2002) and Joe Stiglitz (1975) models of uncertainty, risk, and
asymmelric information in general, and/or “signaling” and “screening” theories in particular (cf.
Akerlof, 1970, Arrow, 1974). This essay does not pursue these criticisms,

While the story of H is old, the term ‘huiman capital’ was not coined until people like W. A. Lewis,
T.W. Schultz, and others created the field of Development Economics. We now understand that the
term was not coined, not because people did not see the similarities between H and K, but, mainly
because of the fear to liken human beings to machines. The apprehension led H.J. von Thunen (1968)
to wonder why there was such reluctance to value H and K the same way even though in a war, “...
with the hundred persons, a capital at least twenty times as large is lost as would result from the loss
of one cannon. ... [The death of a soldier is the loss of] compensation to his family who lose in him
perhaps their only source of support. ... Hence, [it is incomprehensible that] we regard [physical]
capital more valuable than human beings” (p. 394). Given all this inhibitions, it is understandable that
Marshall (1961) avoided the debate by simply equating H fo “personal wealth,” “personal capital,”
“the energies, facilities, and habits which directly contribute to making people industrially efficient”
(pp. 204-205).

These old ideas must have filtered into Irving Fisher’s (1897) “Senses of “capital’”, and John R.
Walsh’s (1935) “Capital concept applied to man.” For comprehensive reviews of this literature [
strongly recommend Cohn (1979) and B.F. Kiker (1966, 1967,1968a, b, 1969, 1971, 1974).}
However, even for those unfamiliar with Kiker and Cohn, I was one until recently, it is still clear from
Blaug (1979, 1976), Schultz (1961, 1981, 1979}, and Becker (1993) that investment in I increases
productivity, and therefore affects earnings (income). In that limited sense, James Coleman (1990,
p. 304) is correct that

probably the most important and most original development in the economics of education
in the past thirty years has been the idea that the concept of physical capital, as embodied in
tools, machines and other productive equipment, can be extended to include human capital
as well (see Schultz, 1961, Becker, 1964). Just as physical capital is created by making
changes in materials so as to form tools that facilitate production, human capital is created
by changing persons so as to give them skills and capabilities that make them able to act in
new ways.

Coleman is incorrect that the development of the H theory came only in the past thirty years; he is

*I am deeply indebted to the works of Professors Kiker and Cohn. I did not know anything about
the history of human capital in the years before A.C. Pigou (1928) via W.A. Lewis. I guess JM Keynes
(1936) was referring to me when he wrote,”It is astonishing what foolish things one can temporarily
believe if one thinks too long alone, particularly in economics, (...), where it is often impossible to bring
one’s ideas to a conclusive test either formal or experimental” (The General Theory of Employment,
Interest, and Money. New York, Harcourt, Brace and Company, pp. vii-viii).




however accurate in appreciating the role of H. The question is: How do we measure H accurately?
Let us take a look.

Mincerian measures of H

The preceding section shows that many people worked on the definition, and on how to measure the
importance, of H. However, Jacob Mincer (1958, 1974, 1981) was among the first to develop a
practical formuia for assessing H that has become the standard for empirical estimations, Reading
Mincer’s 1981 NBER paper alone it is hard not to appreciate the thought and care that he brought to
the matter. First, he defines H as “... acquired capabilities which are developed through formal and
informal education at school and at home, and through training, experience, and mobility inthe labor
market,” whether at the individual or national level, Second, “af the national level, human capital
can be viewed as a factor of production coordinate with physical capital, ... [implying that] its
contributions to growth is greater the larger the volume of physical capital, and vice versa.” Third,
in that sense, “human capital activities involve not merely the transmission and embodiment in people
of available knowledge, but also in the production of new knowledge which is the source of
innovation and of technical change which propels all factors of production” (Emphasis added).
Hence, finally, “... human capital generates worldwide economic growth regardless of its initial
geographic locus, [and that is why] economic growth has not been eliminated by population growth”
(see the Abstract).

Adolf Stroombergen, Dennis Rose, and Ganesh Nana (2002) demonstrate the powerful influence of
Mincer on assessing H using the case of New Zealand. They outline three types of measurements of

N
H. First is H as a reference to future earnings, i.e., H =2 [E/(1+r)P], where E* is market valued
i=-p
and nonmarket valued benefits of H accumulation, r is interest rate, f is any time, and p is the present
time. This measurement of H underestimates the externalities of H. Hence, the second measurement
takes H as referring to the stream of past expenditures on H building activities, such that

H =i: [C(1+r-8)Y, C, being the economic cost of investment in H, and & is H depreciation rate. The
=0

second measurement has the advantage of being easily quantifiable, but it overlooks nonmarket

confributions to H accumulation and arbitrarily assumes C, is fixed. The third measurement takes H

as the capital stock consisting of both market and nonmarket atiributes as well as capabilities of

individuals, i.e., H=f: ?\.,mi+2 RjOJ_, i#], forAm, the market value of individual attributes and
i J

capabilities, and ?\.J.Oj is the nonmarket value of individual attributes and capabilities. While this third

measure of H is more appealing than the first two, it raises even hard questions about quantifying O

The three measurements are reasonable, but also problematic empirically. First, they all end up over-
emphasizing the formal education, training, and experience of L, invariably stressing years of
schooling (S) of L, and consequently the standard Mincerian formula has become
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f
H=e%L=e% fLoe L. (8)
0

Again, (8) is fundamentally flawed: it over-estimaies the value of H in production and under-states its
value in the creation, accumulation, and transfer of knowledge (see Kamien and Schwartz, cited
above). Not only is L too narrow a foundation for H, (8) also neglects essential interactions and intra-
actions between A and H, and among all factors of production as Mincer has correctly observed (cf.
Pedro Teixeira, 2008, Teixeira, 2004).%

A second problem has been that these measures are nearly all two-dimensional, at best. For example,
Eric Hanushek and Dennis Kimko (2000) associate economic growth with the quality of L. made
possible by schooling (education). The association reveals that a rise in math and science scores
increases the quality of L, which in turn raises economic growth. However, like Bowles and Gintis,
but from a different ideological perspective, Bils and Klenow (2000) question whether schooling
causes growth, while Hanushek and Woessmann (2008) found the positive effects of the cognitive
skills of workers on economic growth, individual earnings, and income distribution to be greater than
those of educational attainment in general (cf. Woessmann, 2003). However, along the direct effects
of H, resource inieractions are also important to both growth and technological change (cf. Amavilah,
2005, Eicher, 1996, Grier, 2005, 2002, Graca, Jafarey and Philippopoulos, 1995). This is nof denying
equations like

E " =a,+a Education+a,Experience+a,(Education+Experience)+a,Education 2 +a Experience 2,

Moreover, some economists link wealth with earnings, inheritance, and other influences, Even so, it
is no exaggeration that many economists continue to measure H as an area, i.c., it is either cumulative
quantity, or cumulative quality, of the skills of L. This, too, is a mistake.

Thirdly, saying H=f(skills of L alone)} = L-0, H~0. This is intuitively correct, and tuitively
incorrect; H is knowledge, but a special kind of knowledge. Think of it this way: Paul Samuelson was
a very knowledgeable (human capitalized) scientist — a genius. However, in this sense alone he was
Jjust a smart object (“human machine”). This type of H depreciated to zero with Professor Samuelson
passing away (death). The outcome of his death is not different from what one would expect when an
equipment reaches the end of its use life-cycle and it is beyond repair and it has zero salvage value.
The good news is that there is a second cumulative Samuelson (H) that coexisted and has survived
(most likely in perpetuity) the first Samuelson H. This is the idea Samuelson H. Again the first
Samuelson H was the seed for the second Samuelson H, but the latter grew to be independent of the
former. It is a common resource, whose value appreciates more than it depreciates as other scientists
add to it. Samuelson the object may not even have liked Samuelson the cumulative idea, or how it is

®See varieous entries in Pedro Teixeira’s (2014) Human Capital (Critical Concepts in
Econoniics), Routledge/Taylor and Francis..
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used, but there is nothing he could do about it.’

I mention Professor Samuelson only because [ am writing with economists and allied scientists in
mind. In reality all H is like that: the first kind is a quasi-private resource built through private and/or
public investment in education, health, training, experience, job mobility, inheritance, and it
depreciates more than it appreciates. The second type of H grew out of the first, but it is a public
resource, cumulatively built via social investment constrained by social capabilities (Temple and
Johnson, 1998, Samuelson, 2004, Sequeira and Ferreira-Lopes, 2011). This H appreciates more and
longer than it depreciates, and it underpins the relationships observed by many between population and
economic performance, sce, e.g., Banerjee (2011), Easterlin (1977), Galor and Weil (2000), Jones
(2004), Kosobud and O’Neil (1974), Okita, Kuroda, Yasukawa, Yoichi, and lio (1979), Perctto (1998),
Pitchford (1972), Prettner (2012),

4, A Commonsensical Measure of H

The preceding section suggests that the ‘true’ measure of H must have a base larger than L in order
to capture the production, innovation, and other aspects of @/l knowledge as opposed to just production
knowledge. This claim is clear from the work of the originators of the H theory. For W.A. Lewis
(1965), “the three proximate causes of economic growth ... are economic activity, increasing
knowledge, and increasing capital” (p. 23). Lewis then stresses that “economic growth depends both
upon fechnological knowledge about things and living creatures, and also upon social knowledge about
man and his relations with his fellowmen. The former is often emphasized in this context, but the latter
is just as important since growth depends as much upon such matters as learning how to administer
large scale organizations, or creating institutions which favour economizing effort, as it does upon
breeding new seeds or learning how to build bigger dams” (p. 164). Whereas the growth of knowledge
comes from the inquisitive and experimental nature of human beings, its accumulation is a function
of socio-historical inheritances, among these the alphabet, reading and writing, and the Scientific
Method. These inheritances in turn explain the differences in the rates of growth and change of pre-
scientific vis-a-vis scientific societies. Without reading, writing, and the Scientific Method the rates
of H-accumulation and diffusion were very low in pre-scientific economies. Purposeful
experimentation and similar inventive activities, as well as knowledge dissemination structures like
educational institutions, agricultural experimental stations, and even industrial attitudes and business
administration were challenges.

Lewis’s characterization of H agrees fully with that of his Nobel Prize co-winner, T.W. Schultz (1961,
1979, 1981) who defines H as ‘direct expenditures on education, health, and internal migration to take
advantage of better job opportunities ... as well as all manners of enhancing the quality of N — not

"Once built, knowledge becomes independent of its builders, like a genie that jumped out of the
botile and refuses to go back into the bottle. I remember reading somewhere that most scientists who
work on the atomic bomb in the USA became anti-nuclear weapons and war pacifists after they realized
the destructive power of what they accomplished. By then, however, the knowledge they built has
acquired it own independent life.
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just of L! (cf. Blaug, 1979, Birdsall, Fei, Kuznets, Ranis, and Schultz, 1979). Thus, H is the cumulative
quality of N resulting from the time and effort spent on improving its productivity (cf, Teixeira, 2004).
Just like mining land for a valuable mineral, human development is mining population for the
cumulative quality attributes, which are collectively called H (cf. Amavilah, 2008). This shows that
L alone, no matter how improved, is too narrow a base for H. Instead H depends at least on the quality
(q) of the working-age population (N} — in many countries 15 to 65 years old (and rising), developed
through investment in education, training, experience, health as well as socioeconomic inheritances,
among many possibilities. It is a separate issue that investment itself may be of domestic source, FDI,
foreign aid, and/or other transfers. If transfers are of a foreign source, a variety of H and A fransfer
models exist such as Javanovic and Nyarko (1997), Arrow (1969), and Leontief (1966). Thus,
compared to (8),

H=¢®N, =¢™M"Ny, ©)

whereNO* is N,‘ att=0, L <N"<N, and N is growing at » rate over and in time, Hence,

A=[(4 2" N1 +4)e ™" Ny, (10)

whereas 4 g(N,n,t), A (N",q,n,1), sothataccording to (8) H :j(Ag,L,t), H=fA,A,q,N*(N,)in(9). This
means that further study of (10) would show that A, is a declining function of time, whereas both A
and A_depend on N, g, t, and their common rate of growth. Again, A, is the sum of existing
knowledge and whatever efficiency gains obtain. But since A, depreciates fast (I think at a rate
reciprocal to the rate of modernization and technical progress), its level is falling even with positive
learning and improved efficiency, i.e., the effect of the rate of depreciation is larger than, and of
opposite sign from, the effect of the rate of learning.® On the other hand, (1+4 )Happreciates more

than it depreciates, even as we accept Arrow’s {1969) contention that its expansion cannot be infinitely
exponential.

The true I is Interactive and Intra-active

Both (8) and (9) do not reveal that H is inter- and intra-active although that is clearly implied by
Mincer originale. For example, Becker’s earnings Equations (76, p. 104, and 2, p. 261) indicate
interactions as

8My hunch is that the rate of depreciation of folk knowledge is higher in developing economies
than in already advanced economies, which partly explains the continued technological catch-up gap
between the two sets of economies.
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E*=a+aE +Y FJIS} +a+v)E,,, (an
I

where E" is earnings, Fj’ is “the adjusted average rate of return” on “total formal schooling years” (S)), a
is atechnological constant interacting with E*, experience, age, and a combination of contemporaneous
random error and serial error term, (a +v)E,f |- In addition, we know that Lucas (1988) interchanges A

and H, and proxies H with years of schooling, but finds the effects of lower educational levels stronger
than those of higher educational levels, which suggests an inverted-U relationship between economic
growth and H. Lucas’s “mechanics of development” raised more questions than it solved, and it led
Lucas himself to the “making of miracle” model, which concentrated on the proportion pH of H
actually spent on production as opposed to H measured as years of schooling. Thus, in the Lucas
production function (LPF) framework of per worker growth rate, pH had a larger and statistically
stronger impact on the economic growth of East Asian countries than conventional H, which
convinced Lucas to conclude that the economic growth observed in East Asia was not a true mitacle,
it was a man-made miracle.

A second version of the new growth theory assumes that not only is A = H, both A and H are driven
by innovations. This version is based on Paul Romer’s production function (RPF), itself built upon the
well-known Dixit-Stiglitz (1977, cf. Foltyn, 2012, Dingel, 2009) mode! by including as a key element
innovations, represented by product varieties (Messinis and Ahmed, 2008). In this way A can enrich
all other factors of production. This element, while clearly realistic, may be responsible for the
observed instability of the RPF. For instance, whereas Dinopoutos and Thompson’s (1996)
implementation of the RPF confirmed that divergence is possible, and may actually be the only
outcome of the endogenous growth process, remodeling the RPF Mankiw, Romer, and Weil (1992),
and Barro and Sala-i-Martin (1992) found convergence, not divergence, and they concluded that the
new growth theory does not work, or does not work as well as claimed.

The RPF model assumes homogenous and unchanging product varieties. Grossman and Helpman
(1991), and Aghion and Howitt (1992) dropped that assumption by allowing A to improve, and to lead
to the “creative destruction” among product varieties. The modification added clarity and flexibility
to the RPF to capture both convergence and divergence, but it also suggested that economies are just
sets of independent innovation monopolies made possible by the existence of scale effects. In an
attempt to explain this situation Grossman and Helpman (1991) argued that convergence happened
because one economy has access to a larger A; than another that has A, i.e., A;> A;. However, Jones
(1995, 1996} was not able to confirm such convergence using data for the OECD countries relative
to the US data, arguing that unequal A’s are unlikely because competition equalizes A’s. Aghion and
Howiit (2006) picked up from Jones by allowing A; = A, transfer via trade, finance, mergers and
acquitions, or other relations. Instead of convergence they found parallel long-run growth. Thus,
looking at all this literature Stephen Parente (2001) is justifiably unimpressed by the performance
record of the endogenous new growth theory, and concludes that the endogenous theory “... has not
proven useful for understanding the most important question why the whole world is not rich” (p. 1).
However, he admits that “...endognous growth may prove useful for understanding growth in world

14




knowledge over time” (p. 1). We return to this insight later. For now, Table 1 below contrasts how the
Lucas and Romer versions of the endogenous new growth theory treat A and H, and I recommend
Chapters 1 and 2 of Grossman and Heipman (1991) for an excellent background discussion of these
things. Other good reviews are in Islam (2004), McCallum (1996), M. Rogers (2003), and Parente
(2001)°

In both the LPF and RPF, A and H are clearly endogenous, and the H formulations in Table 1 and
clsewhere are consistent with Bils and Klenow’s (2000) paper, sce e.g., their Equation 4, p. 1163 (cf.
Basu and Mehra, 2011). However, note that while the modeling efforts are novel and groundbreaking,
the ideas about the endogeneity of knowledge are not so new. For exampie, according to Arrow (1969)
“knowledge arises from deliberate seeking, but it also arises from observations incidental on other
activities” (p. 30). In the latter case “production and investment may lead to incteases in productivity
without any identifiable allocation of resources to that end” (ib.} — “learning-by-doing,” as Arrow
(1962), Kaldor (1961, 1966), Haalvamo (1960), Fellner (1969), and many other have shown. In such
a case the production or investment activity generates an output (Y) as well as knowledge (A) that
influences future activities. Arrow interprets that as meaning that “deliberate ... expenditures [on A]
are actual steps in the ['Y] production process” (p. 30). In other words, knowledge and physical output
are simultaneously created. This insight is clearly consistent with the Parente-Prescott characterization
that 4=4 L1 +4)H].

Just as clearly, H interacts with other productive factors. For Sub-Saharan African countries Robin
Grier (2005) estimated the marginal impact of K on H to be about 0.48 and that of H on K to be about
0.21. Earlier Grier (2002) extended the Nelson-Phelps (1966) model to Latin American data and found
that educated people learn, innovate, and assimilate new knowledge easier than uneducated people.
These results should not be surprising. In his piece on the implications for growth of “object gaps™ and
“idea gaps”, Paul Romer (1993) asserts that resource interactions characterize the flow of ideas from
industrialized countries to developing countries through multinational corporations,'® There is some
research on resource interactions by Philippe Aghion (2006), Chad Jones (2006), and Jones and Romer
(2010). However, few of these studies explicitly incorporate interactions in their models. Among the
few Graca, Jafarey, and Philippopoulos (1995), and Benhabib and Spiegel (1994, 2002) stand out. The
former three modified Romer (1990) to account for the endogeneity of K and H and they found the
effects of H on Y to be smaller at the low level of economic development than at the high level of
development, i.e., they show that although insignificant, especially for the developing countries, IT
determines total factor productivity (TFP), which in turn affects economic growth significantly, and
hence the continued debate over whether AH ~ A4 -~ ATFP —~ AY,or Ad - AH -~ ATFP - AY.

%I further recommend that the more interested reader in this area begin with Sydney Weintraub’s
(1977) Modern Economic Thought. Part VI, pp. 329-387, and follow up with alt articles by growth
theorists in The Journal of Economic Perspectives, 8(1), 1994.

“There is another excellent illustration in one of Paul Romer’s writing where he supposes
building H only through education, and asks where that process requires good students, good teachers, or
good schools. Quite obviously, the interactions among the above are inevitable.
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In a follow up paper these same authors demonstrate that the growth of A is a function of the growth
rate of H and the diffusion rate of A from A-rich countries to A-poor countries ( see Benhabib and
Spiegel, 2002, Equations 2.1 - 2.4, pp. 7 - 9). The specific form of the function is logistic and they
describe its microfoundations with Equation 5 (pp. 14 -19).

In all of this the interaction of H and K is defined as A, where H is generated by the time spent on
accumulating knowledge and the efficiency of both H and K, see, e.g., Equation (7, p. 97) and
Equation (14a, p. 100), and compare that to Caballe and Santos (1993). This understanding is

consistent with Romer in that 4=f{4,k,h), see also M. Rogers (2003, Equation 6, p. 116).

Theo Eicher (1996) associates A and H by arguing that new technologies are skill intensive, while
unskilled effective L is comfortable with past A. Norman Gemmell (1995) reformulates Solow {1960),
see, e.g,, Equations (15 - 19, pp. 100 -101) and finds that4=f{A4(¢t-1),,L)=A(Y), a finding that is
consistent with M. Desai’s (1995, Equation 4, p.88).

Following Harris and Pan (2000, pp. 134-137), Amavilah (2005) has attempted to demonstrate that
technological change can be represented as a g-variable correlation coefficient

Py =KNHNANN=KXxHXA*N, signifying resource interactions and intra-actions. To calculate the
coefficient, Harris and Pan would let U,=K —IZ, Uy=H —I}, U,=4 —/I, U,=N —N.Then on a sample

of T size,

T T
Prman=L2_ (VI [US], U=(UpUpU Uy, (13)

This means that over time A =e /5t ~¢ P4 + Constant. And since we said that 4 -4 g H(1+A)H, we

can setA  =Constant, exXp(Pyy ) =(1+4 ) Hso that

A=Constant+(1 +4 YH=Constant+exp(py; - (14)

where ‘Constant’ may be a Lucas technological constant, or a Romer technological constant,
depending on whether it is associated with LPF or RPF. The disadvantage of (14) is that we have
bunched together A, and A, and have also lost the inheritance aspects of A, What I am intimating is
not out of place; in a recent NBER paper Lucas and Moll (201 1) follow-up on Lucas (2009) to propose
a model similar in spirit to Romer (1993) and Lewis (1965). It envisions an economy that uses its old
knowledge (including A,) to produce goods while at the same time it interacts with other economies
as it searches for productivity-enhancing knowledge, (1 +4 )H. One potential concern about this model

is that either A, does not depreciates, depreciates very slowly, or ‘productivity ideas’ are found and
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brought to fruition rapidly to prevent a similarly rapid decline in produciton.
The true H is a Volume - Not an Area

Currently Mincerian H is measured predominantly as an area under the curve of either the quantityof
the skills or the qualit of the skills of L. For instance, representing H by years of schooling is an
example of the quantity measure of H, and using cognitive skills is an example of the quality
dimension of H. Often such estimations are justified on the basis of the lack of data. However, they
fall short of precission, and they are not consistent with the common understanding of knowledge. In
real life knowledge is a 3D “solid”— at least, For example, knowledge has depth, and we frequently

Table 1 - Lucas versus Romer Versions of Endogenous New Growth Model

Model | Production Knowledge (A4 :Ag+As) Human Capital (H)
Function
Lucas o
Y=L°KPuH)' =P A - Y g-1 Y y!i-u-p
LeKB(pH)!-ob B AL°KP
Romer VoL afbogl o b y v
B ¥ 4= — H = (——f—)”’5
L uHBT].XTl -a-p AL u.rlx [-a-p

speak of deep or shallow knowledge. We also speak of broad, wide, narrow, as well as of intimate
knowledge."' A person has wide/broad knowledge if he or she knows many subjects/topics. A person
has deep knowledge if he or she understands well what he or she knows. The latter is best achieved
if one specializes, but specialization is only a necessary, not enough, requirement for understanding
as in real life we often hear of the existence of polymaths. M.M. Lehman (1978) has put what I have
in mind here cogently that for there to be progress, “each quantum of knowledge that is gained
becomes the basis for further learning or other activities as required by society. [But] knowledge alone
will not suffice to ensure the survival of humanity, [because] new ideas must be produced faster than
the older ones may be forgotten. Understanding ... ensures that there will always exist [knowledge]”

"Intimate knowledge is likely of limited economic value, because “... knowledge does not grow
rapidly if it is kept as secret for the few” (W. Arthur Lewis, 1965, p. 167).
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(pp. 65 and 68)." In other words, understanding is knowing; knowing is not necessarily understanding.

These distinctions are no mere talk. The quantity and quality of knowledge evolve over and in
temporal and causal time. Over time the quantity and quality of knowledge evolve semi-
independently, Ir time there exists a negative correlation between the quantity and quality dimensions
of H. Estimating H as an area over- states the importance of H in production over time and under-
states its role in other related spheres in time.

Let me put one more stake in the ground in the way of recapping my claim: H is a volume, and the idea
of H as a volume is natural, commonsensical, and conceptually easy to illustrate. First, we can integrate
either the quantity, or quality of N over time to get H, that is normal practice (cf. Arrow, 1962), even
though Nordhaus (2009) has cautioned against the “perils” of cumulative variables. Second, we
acknowledge the important relationship between the quantity and quality of H both in and over time.
Becker (1981) and others, for instance, have observed a negative correlation between the quantity and
qualify of the population. Fundamentally, such an observation is not surprising and can be explained
easily as follows. Building H is like developing land (e.g., mineral). One explores for the mineral, finds
it, grades it, mines it up, processes it, and finally uses it. Each step has both marginal benefits and
marginal costs, with the best choice achieved when the marginal costs and marginal benefits are in
balance. Developing H is the same only instead of land one has a human population. Also in both cases
one starts with a stock of inherited knowledge. We have knowledge inheritance of varying degrees of
quantity and quality. Thus, H building is really mining the fraction N* of N for quality (q), and that
quality accumulates into H — not unlike cumulating gold dust into gold bars. This perspective is
consistent with early theories of H like those of Schultz (1961), Blaug (1979), Becker (1993), and
others, which suggest that the basis for H is population — not L. Again, H as a function of L
overestimates the importance of H in production over time, and underestimates its role in H creation
and diffusion in time (cf. Barro and Lee, 2013, Barro, 1991). In fact, this may be the reason why H is
found to be low in developing countries where L is a tiny fraction of N'. Obviously, just because a
large part of L in developing couniries is unemployed, should notnecessarily mean H is low. It is
possible, indeed likely, that H accumulation proceeds even under conditions of high unemployment,
although its rate may slow down under such conditions.

Another advantage of the analogy between mining population and mining land is that it makes it
possible for us to utilize quantity-quality models familiar to mining and geological engineering as well
as mineral economics. The bestreference for these types of models which I am personally familiar with
is DeVerle P. Harris (1976, 1984, 1985, 1992a, b, 1993). Among this group of models, the Lasky
(1950) model suggests that over time the log of cumulative H depends on the average grade (quality)
of the economically active population (N°), i.e.,

logH=pg+nt+logh, = ¢ =llogH -2y —llogN *, (15)
¢ ¢ ¢

1211 added.
18




Eq. (15) = (9). *“So, what?” — one might ask. Here is the answer. Let us visualize knowledge in its
essential 3Ds. On the y-axis we have the quantity of H, call it X. On the x-axis we have time, ¢, so that
X = f(IN(N'(1))) = £{t) = X(t). On the third dimension we have the quality of H, designate it as Z, which
is also a function of time, i.e., Z = fIN(N"(1))) = ()= Z(t). X(t) and Z() are related via N(N'(t) and
evolve fogether over a common time. Now, also let us assume that a unit (or any other) circle limits the
probable universe of knowledge according to Arrow’s idea that the growth of H is not eternal. This
assumption clarifies the conventional information theory which says that four key elements explain the
diffusion process: the innovation, the channels of communication, the social system involved, and the
time over and in which the diffusion process takes place (Rogers, 2003).Young (2004, 2005,2007), and
many others illustrate that the four elements arc both constraints and prospects.” The channels of
communication, for ecxample, depend on the capacity of the human mind for which memory is limited
and learning is constrained by technical as well as natural processes like forgetting — the Ebbinghaus
effect (Amavilah, 2003). As Arrow (1969) articulates “natural memory can of course be supplemented
[nowadays enormously] with articial aids — books, files, computer memories” (p. 32). However, these
aids too have different capacities in terms of speed and bandwith as well as associated costs and
benefits (Jovanovic and Nyarko, 1995). Even so, we can still state that how the world economy has
fared is a function of the stock and spread (transmission) of knowledge across the world population.
Amavilah (2007, 2008) argues that the rate of knowledge transfer is a random phenomenon, but
according to Arrow (ib} it is determined by what adopters (the sink) expect to gain from it (diffusion)
and the reliability of both the source, and message. This suggests that “eternal exponential technological
growth is just as unreasonable as cternal exponential population growth” (Arrow, 1969, p. 34, cf.
Andersen and Jensen, 2013). The circle itselfis expandable and within it an economy accumulates X(t)
and Z(t) over time, but the circle still constrains the logistic growth of X(t) and Z(t).

Arrow’s perspective is consistent with Mansfield (1971) who identifies four determinants of diffusion
rate: (a) economic superiority of new versus old innovations; (b) low uncertainty costs of the new
innovation;  ¢) level and intensity of commitment to the innovation (irreversibility of investment); and
(d) the productivity of the new innovation relative to the old (see, p. 88). In this understanding
Mansfield distinguishes technology from technological change. Whereas technology is a “pool of
knowledge regarding the industrial arts” (p.10), technological change is mainly a function of resources,
and the demand and supply of output those resources produce — in the economist language, the demand
for resources is derived demand (cf. Kamien and Schwartz, 1977, Berdt and Wood, 1975). Market
structures, legal setting, and social attitudes towards, technology, technology workers, management,
all these influence the rate of technological change as both a spill-over and a “spill-in” (Buchanan,
1979)

Not only does H grow logistically and subject to the capacity of the circle over time, in time there also
exists an inverse relationship between X(t) and Z(t). Again, using the mining analogy, the richer the
deposit, the smaller the quantity of ore is needed; the lower the quality of the population, the more
people it takes to ascertain a target quality of the population, and hence H. These notions are not brand

131 read the working paper versions of Young’s papers, and I advise the reader to find out if
newer, perhaps cleaner, versions of the same papers were published since then.
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new; at the aggregate level economists have long accepted the idea that the “general ability is something
like normally distributed in the total population” (G.L. Bach, 1960, p. 527). However, that is different
from saying that the higher the average quality (q) of N', the smaller the cumulative quantity of N” is
needed for economic activity. The functional form of the inverse relationship can be either quadratic,
linear (Lasky), or power. For now let us say it is of the general form Z(#)=AX(0),0=X(¢) =AZ(?),1).

If the details above are accepted, then H is a volume rather than an area. To be able to compute that
volume, we assume that X(t) and Z(t) follow logistic growth curves, each with an upper limit K =K
=1, imposed by the circle. Some fraction of H would be inherited (folk = ordinary) quantity of A, some
would be inherited quality of A, . Conventional theory of H would only measure H either as an area
AX(1), or an area AZ(t), i.e.,"

2 2t

H=AX() =X (P =P (a)
(a,e“"+b.)?
1 1
) 2 (16)
nl’e ™
H-AZ@O)-nZ -2l fOF ————, (&)
(a,e ¥ +b,)?

where 0<aq,<1, if L =1 (unit circle), andg,=1 if L > 1, and b,#0.

Again, according to (16) H is just an area either under X(f) or Z(t), which ignores that these two
dimensions of H are inseparable; you can have more of one or the other, but not separately. In other
words, the stance of (16) is incorrect. As a volume H:

2 24
H=VX()= f X(0)2dt fn[f(t)]zdt fnL—edt (@)
: (@ e'+b )
Lze 2ef a7
H=VZ($)= f nZ()dt= fn[f(r)]2dt f — = dt (b)

¢ (aye P +byy’

While (17) is a correct representation of H, it remains incomplete, because the true H is the sum of
volumes V(X(t)) and V(Z(t)) plus/minus the volume of the area of intersection between the two, if any
exists, 1.e.,

The specific functional forms themselves may not be identical, i.e., one may be a simple
logistic such as the Pearl-Reed, others may be Gompertz, or any other in the same family of exponential
functions, see, e.g., D.W. Thompson (1992[1942]).
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—VX()+ VO VXONVEZED), L =L 1.

Eq. (18) expresses fully the quantity and quality dimensions of H over fime. Still missing from (18) are
the interactions between X(t) and Z(1) in time. These are crucial considerations because the quantity and
quality of knowledge evolve semi-independently over time, but interdependently in time. Using the

Lasky set-up, in which Z(X(0)=1-kX(f)=1-k/(a,+be “")=(a,+b.e "~k)/(a, +b,e "), and assuming
the interactton between X(t) and Z(t), XZ=ZX exists, we can find the volume of the area under Z,(X(t))

=1-kX(t)as VZ(X(1))= f g(aﬁble “-k)(a,+be ““Ydt, and (18) becomes
{

*l
H= fn( - )2d:+ fn( )zdr f (—)Zdr
¢ al+be af : a2+bze of ¢~ a;the o
L(a,+b,e “N-L (a,+be "
if“[ Aay+bye *)-L (a;+be )]zdt (19)
e (a,rbe ayrbe ™)

=VX(0)+VZ()+ VZ(X(O))X| VXONVZ()].

However, (19) assumes that there is no intersection between the V{X(1)), V(Z(1)), and V(Z{X(1)). In fact,
that cannot be given XZ=ZX>0! If so, then (19) is really

L e -k
H= f (—= )2dr+ fn( —f  Ydr+ f (——)2dt
¢ (abe ™ ayrbe ™ a,+be ™"
—C,f —¢f =gy =Gyl
gl D et Ryt D GO
/ 3(a,+be “Ya,+bye )

=VX(O) +VZ() + VZ(X(O)E[ VXIONVZ(ONVZ(X(1))].
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In other words, the precise nature and magnitude of H depend on the volumes of its components, their
interactions and intersections (overlaps), functional forms, and whether such forms are independent,
identical, and/or symmetrical. Such things are conceptually easier to imagine than to operationalize both
mathematically and economically. Atleast mathematically thinking, accounting for the interactions and
intersections is simply subfracting the sum of the volumes of parts to obtain the net volume.
Economically thinking, it is a little harder than that because interactions and intersections are important
and it is quite reasonable for the whole volume to be greater or smaller than the sum of its parts.
However, assuming L., = L., = 1, we are on a firmer and more commonsensical ground than before to
estimate H as the following approximate solution to (20):

o TBIOB@E ) ob),

aje,(ae'+b)

+[1t(("2e “+b,)log(a,e ¥ +b,) +bl)] 1)

ayeae ™ +b,)

(E K HE2aloglae b))

32 of 2
a;c(ae "+b)) a;c,

“Hal - where is the answer to the last term of (20)?” — one may ask. The answer is that, whereas X(t)
and Z(t) evolve over fime, the relationship between X(t) and Z(t) takes place in fime. In that case the
last two terms of (20) are constants and as such parts of A*. So, A" has three components: (i) the
inherited quantity of H, (ii) the inherited quality of H, and (iii) the relevant interactions and intersections
between the two.

Concluding remarks

Traditional theory measures H as either cumulative quantity of skills (16a), or as cumulative quality of
skills (16b), assuming that X(t) and Z(f) evolve independently over time, i.e., H is the area either under
the X(t) or Z(t) curve. However, it is more natural and commonsensical to think of H as knowledge. As
knowledge H is at least 3D, and it must be measured as a volume, with depth (quality = Z(t)) and width
(quantity = X(f)), both evolving over fime, and interacting as (Z(Q)X((t) in time, Conventional theory
mis-measures H, and hence its effects on both production and innovation activities. Again, this is no
brand new idea: in common speech we speak of wide or broad knowledge; we talk of deep knowledge,
and of infimate knowledge.

This paper first examines some papers on knowledge using Parente-Prescoit “world knowledge’ as a
template. From this examination it is clear that knowledge has two parts: ordinary knowledge, which
depreciates with time, and “extraordinary” knowledge, generated from the laws of motion of science
and technology. Both science and technology depend on H. In the final analysis functional world
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knowledge is H.

I found that the concept of H is not new — indeed, it is old, very old, People have always been interested
in valuing human life, and initially they used variables like social status, race, gender, and age to
estimate it. Many of these variables are still being used today. What did not exist for a long time, was
the term H itself, and this was mainly because of socio-political inhibitions not to liken human beings
to machines (man is an image of God), and, in Marxian philosophy, likening workers to exploitative
capital for that matter was just unacceptable — capitalists are “squanders of labor-power”, Sr W. Arthur
Lewis (1954) reveals that A.C. Pigou (1928) was first to openly pronounce that: “There is such a thing
as investment in H as well as investment in material capital. So soon as this is recognized, the
distinction between economy in consumption and economy in investment becomes blurred. For, up to
a point, consumption is investment in personal productive capacity. This is especially important in
connection with children: to reduce unduly expenditure on their consumption may greatly lower their
efficiency in after-life. Even for adults, after we have descended a certain distance along the scale of
wealth, so that we are beyond the region of luxuries and ‘unnecessary’ comforts, a check to personal
consumption is also a check to investment” (p. 29). And so, once economists made peace with the term,
they took and ran with it.

However, soon after Jacob Mincer developed a practical formula for measuring H, practitioners
separated Mincer from the originators of the H theory. The benefit was that a huge volume of work was
carried out under the banner of Mincerian H; the cost is that such work formalized a misconception on
three fronts. The first has based human capital only on labor. The second, is measuring H as an area,
neglecting that common understanding as clearly evident from common language that knowledge is
3D, with depth, width, and the time over and in which it accumulates. The third relates to neglected
factor interactions (and intra-actions). Analysis finds that disregarding interactions our commonsensical
measure of H is larger than conventional Mincerian measures of H. Taking interactions into accoun,
it is possible for our measure to be larger, smaller, or equal to conventional measures. If it falls short
and accomplished nothing else, I hope this paper re-ignites a new look at how economists measure H.
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