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1o CONCIPTS OF U000 Len 1N SLCLO: v ntorn
This Study trivs to apply a new type of procuci.on Junsco.on,
which han provel uselul on @ mecro-level ond hes led (0

hipghl significant resulte to o lower Joveir of a","x‘c’.';.itiox;,
L [ 33 > I ¢
that 1c to say to . cduy il the determinaints of Leccior

Yo

output.

The cencept of production function has so far been applicd
mainly on the highest level of aggregation, in order to

define a country's econcmic output as ~ fuiction of itis main
determinants. However sevcral stucd.cs have rccently attemplod
to use this instrument for describing the rclationship between
the output of sectors of indusiry and the inputs of their

most important production factors.

It is interesting to begin with a short outline of the studics
made so far. ubviously, we do not intend to present a complete
list of the relevant literature including details of applied
methods and results, for this would certainly be beyond the
scope of this study. It does, however, appear useful and
practicable to provide a general notion of the fundamental
concepts undcrlying the research work done in this field by
means of describing certain selected examples. This will also
help to clarify in greater details in which respect our proce-
dure corresponds to what har been suggested in earlier papers
and whére it differs from them.

Two fundamentally differwnt approaches may be used in sector
Studies. One of them is demand oriented, desoribirg the
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P lhe resaite ol s cutimation will 1o.d ue Lo o aificerant
cnderatandin:, of 1o relat conchip which neae Nay be under-
dowl as follows. The function ducs describe the relation

R AL NCES Lhputs

il tha satpat. Therelore, the velationship
dirows e evialuat.en of the Gutputl resulting from a certain
Spul coistesiation. However, tniu Knowledge mdy not be uscd
tor forecasti, since in the ltong run, the overall scctoral
utput will undoudledly be dotermined by the demarnd. Still,
such a production funciien can be of some interest for fore-
€ast purpos.:s, as it answers thne following question: Given

4 certain expected damand, to which extent muss Wwe expand

the praduction [actors in onder to reach an opt.nal result?

To a specific incustoy of a certain country or to an individua
enterprise, the knowled e of sueh an optimal production struct-
ure g.ves a competitive advantage in that it leads to an
increase in the marke:s-share.

;

If several scctor production functions are calculated, anothar
question can be answered, which is without doubt of particular
importance for developing countries: In which areas can a
given factor potential be used to achieve the utmest advantage?
The answer to this question follows from the fact that the
production conditiong are known for each industry. In decid-

ing where our offorts should be directed to, it is thus.

I




e

PR PR Lo =t !). O ( f [ }
PLCoOr pPolond oo, Sy, choal o o

B Y - - o o . . . . . . PN N
Wil L o L Ly NV FPY S R SN | e f RN . . Lo SN
L 4, lv P S, vy N, o et ey Y. '

WM B ROV T T L0 A e L i, L [, L R S O D N
£t b o oy e [T - - Y- Y v FR N . (R R . .
surthar ag sl s ey et ody Laatt o [ R D SN e

- . ny N N . N “ NN . N . s o . . '
factors R S S e T o S v S S S L N S

oY . ; Dy ST 4

€iv . h 1o Justitly the proluct  ve of for..

A prominent cuxuample of a denand oriented Study do U haer
by Chenery wnd Tayior ( &), whiel atlen tn 1o diner Ll Soeo e

oral development essential.y as ¢ function of the ¢verlid

econenic developuent. It Lses e broadl deta Dave wiioh consin.,

of both erocs-scectional duta and time scrics. The o tudy
succeceds in conveying a relatively consictent idea of Lle
relationship between per capita 1ncome and output i:n ¢ifler-

ent induc vrleg.

Our approach differs fundamentally from this study .. so fa:
as it does not nse any demand components in deseribing the
relations tha but by trying to deseribc the produciion
strucruru, fonsicurs all relevant procuction fuctors instead.
However, the two approaches resemble each other in method-
0lozy, as both try to use all the available information by
relying on international cross-secilional data and or tinme
series dating back as far as possible. But the-e problems

of methodology will be dealt with later on in this study.

2. THE DIFFERENT INPUT FACTORS IN STUDIES OF SECTOR
PRODUCTION

When trying to obtain an idea of the varicus studies in the
field of estimating uctw production functions, one will
see that they ars nmlar in mnaf m&p&cts- In particular,

i
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Ghe slidat.en 18 diilorent wiih Pt ey to the wwa oihies
facior.. L.ouher they are not used oo u.l, or only one &
Teeh 40 Loubideicd. In thin contexi wo of the studlesn
which try to introduace cxplucitly tne qualificat.on of 1l
labor force shoulid be mentioncd. In one of his studico

Fels (32) makes an attempi to supplenent available wuiivaben
of the physical capital stock Ly estimating stocks o, aran
capital. It becomes dapparunt thai botk factors coubined ore
better suited o ¢xplain ocutput differences than SiMp.ay

4

physical capital stock data. The report by Fels ures quite
an interesting method for estimating human capital. We .ave
used a very similar approach which will be desceribed in more

detail in the chapter dealing with methodology.

In the book "Manufocmring Production Functions in the tnited
States 1957" (19) too, a qualification measure is explicitly
introduced. The authors use however an entirely éifferen:
method, for they make a distinction between two typcs of
workers, i. c¢. "productior workers" on the one nand i "non-
production workers" on the otiher hand. Although we use a
different approach in Reasuring qualifization, our congent
shows an analogy to the study, for we also dlstxngulsh be~-
tween different types of activities, which alsc manifest

themselves in separate factors: On the one hand, account
is taken of the differences in skills of the workers as
used in the information procr.asing of the firms.
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the CLS-Tunctic (1,v). Jherelore, we o nay State thdat owr
concept, which will ke desoribed in the foliowing, lies oy
features in common with some very ili.portant studiesn |n the

field of sector:l productio.

But this study also differ. from previocvs rececaren by atio-
ducing not only wome of tle Taclors capitul, laboi, qualir:-
cation and efficiency, but 11 of thew. The introducilon of
all of these components is of decisive importance, This is
demonstrated by the result of our studies mace s0 for, in
which we have succeaded in axplaining the differcnces in
economic output of countries, by the different amount of
their input of the factors mentioned ahove. We have thus

arrived at the wmathematical fermulation of a "General Produc--

ion Function". This relatior, which has boen derived fren

.

internaticnal comparisons, is our chief working hypothesis
for studying the determinants of sectoral cutput anc will
be described in the following chapters.
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COMPLan, MuLlilicrarchonal systen. This Lyostem 1s character-
iocg by the fnicrction of 4 preat number ol subuystens, and
tLo1s thye lanceraction which encbles the overali system to

R

s -
F=

Juncion. Leonomy is one of thesc subsystems. Therefore, if
We wWant to understor. how this  subsystoem wOorks, we must
go beyond the economic sphure proper and consider also the

inturrelations with sther subsystems.

Society has another characteristic feature in comrion wiv

other systems, namely 1ts ability of processing energy and
information. The economic output of a social system is therc-
fore governed by its capacity to cope with these two fundarent-
al processcs. Argumenting in such a way wc are applying e

concept which clearly shows the influence of X, W. Deutsch
(9), who understands society as & self-developlng cyhaerncet
system: Superimposed on a control system, in which the material
processes take place, there ir a system of information racopl-
crs, information channels, information ctoring units and
logical units. This network receives information on the actual
situation, ¢n environmental charges,and on the internal strugt=-
ure of the system. 1t then processes this Jnformatxon.uszng
additional information stored in the past. This process gives
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objectiven toward wilon tne eiioris o) thi, oy.ton

are the chief determinants of the third facter, i.

sing subvystems, that corresponds to these goals.

its structure.

2. THE FACTORS INFLUENCING ECONOMIC DEVELOPMENT

I - . i . . . vy hl . N Ve
Dt U G e Bl cdeqeately The COmplen Drolen ool

mentaor ety On otae one hand, this 11HirG sactor 1Cs focts

i1s organiscd, i. c. the repulation and cocsditation o

system and the organisation of its encrpy and data proc

< country's economic performance can be desciibed as a
function of its energy and data processing capacity and of

,‘)'u:. i

1he

airected. On the othoer nond, however, iie woy the oyiiw

thu

eh-

subvystem economy. The chapters which follow will show how

energy anc, in particulur, the infoiiiation PIOCONSINg Opera.

gtructure. This factor, thus deseriloen the objeciives of e

has scrved &s a basis for the investigation of the societal

iong, aluvo ought tu play & certain roie. Thuse two CUBPONGnL L

This rodel, of which only a short ocutline has becn given herc,

Applying the concept described above to the stuéy‘ of econcmic

developsent we are led to formulate the follonuing hypothesis:

i r*”mh W)
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The factor capital - which, as will be shown bclow, showe

a close corre.iation

a commoa component of almost any economic production functic:..
The relationship Lelween capital input and econonmic perform-

ance has been decalt

studies, and we find al:s:

on the basis of

Galenson and Pyatt (
assumptions underlying the theory of growth by means of

an international comparison. Thereby it has become apparent
that too simplc assumptions are not suited to exzplain the
tnternational differences in sconomic growth.
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with energy consumption - constitutes

withi in a great number of previous

‘tempts to measure this relation
+1 comparisors. A study by
15) is such an attempt to test the

Investments
world

Pig. 1:

Py iy

Envéstxcﬁt re5i08
{% or GN2) R
and grovthrates in the oountrice of the

ey -y




-,

Ooviourly tha suuly L Yo anto Gosdaouitro g Yhie cailhorg

e conTronted Ll pronl ool wileh ood vely Saiaias 1o
LHOUG CRCOULT e w T dndny OTher LCtUdicG, CCLYLND O Ll 0
r

Nelional COLE 176G us U milann 0L wosting Liear hypothoeoes,

Jdies have notl osuccecded 1n taiing

o
9
fee]
Fie]
~r
-
.
| =

12

For the most part thes
daccount of the pgreat number of geogprephical, culiural, cliautac
and political dificreinices among the ingividuel countrics of
their sample. In other werds, tne obscerved ditfercences in
income (dependent variable) result {rom heterogencous in-
fluences which cannot be adcquately explained by diflcrences

in capital inputs. They must be explicitly controllec and
entered separately into the study. Not taking care of these
influences corresponds to a non-fulfilment of the ceteris-
paribus-condition.

2.2 Strucgture

This gives rise to the demand for an efficient methodology
which takes account of these various influences. One such
method would undoubtedly consist of forming groups of
countries within which the combined effect of these non-
observed hui relevant influences on each country is nearly
constant.

An important clue for the formation of such groups of
countries could be provided by observing the health develop-
ment in the different countries of the world since the bé~
ginning of this century. The time series from all countries
of the werld for which {igures are available have shown,
that the ¢&valnyn¢nt of health is fairly uniform within
groupe- of emu;r&u, mu m« beina u ehc same tim
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Fig. 2. Health developmant ir South Amertea.

There are threc distinut sonee, the La P'ata States,
the Central American States and the rest of South
Amarica !Andear Statcs).

Without going into details of tre lroblems encountered here,

we mady interpret this observation as follows: Health statistics
provide oune very fundamental indicater of the development

of a society. Here we are measuring the "pulsation" rate of

the sociztal system as it were. It is governed bpy many factors
which cannot adequately be measured directly. We may consider
t.e adoption of medical innovations as one part of a nore
general social process, whiich is the adoption of innovations

in general and which we cali "learning prrcess" - this
hypothesis will be supported below by international comparisons
of the relationship between education and economic performance.
Thus, the regions differ as to their readiness and capabiii-

ty of adopting innovations. This general statement is based

or the observations made in one .subsyatem of the society,
ramely the health system. For it‘is the greater or gmaller
readiness to adopt medical innovdtivns that is responsibl
for a more rapid or slower i&wwﬁ@t of health conditiel
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Pig. 3: Health developmant of the African, Asian and European
pPopulation groups in South Afrieca :
The diagrar refers to the situation of countries
vhose population comes from three different civil-
t8ations.

The differences in health development in the various groups
of the population are striking. The development in each of
the groups resembles that of the corresponding region from
which the groups originated. This leads to the interpretat-
ion, that tha "struoture”, i. e. the value system, the pat-
terne of behaviour and the types of organtsation constitute
en tmportant faotor responsii:le for the differences observed
with regard to the development of health.

The Eurupean countries can also be classified into z0nes
according to their diffspent health ‘devVelopment.
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There are three zones, Northuestern Europa, Southern
Europe and Ecstern Europe. Southern Europe and
Eastern Europe show much the same development.

Applying the cliassification in groups of countries as present-
ed in Fig. 4 to the data of Fig. 1 in order to separate the

*WO groups of European countries we arrive at a meaningful
relationship:

i)

Rates of Groviy (4

L A Y v L s o Prye—

Inv;smez';t ratﬁioa
(% of GXP)

Pig. §: Investmente and growth rates in $wo groupe of
, an countrigs

Phe odservations in thie diagram gre data takem frem
Psg. 1. They show, that mesaningful relationshipe ents
. WEthin groups of simtlar countrise. :

)
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the mcthodological remark, that reiable rosulla in onter-
Rational compurisons can wnly be cuta.nea 1! due account

is taken of the ceteris-naribus-concition.

2.3 lducation

The majority of the studies made sc far bLave consideroed marn
as an cleamenl of an undifferentiated factour "Labor" and

have used just the number of people in the working force

as one of theinput factors. Various abilitics, differences

in the level of education (which ~orrespoad to differei.ces

in information processing capacity) have s0 far been negicct-
ed or have not been examined in reletion %o the other factors.
But if we take a look at Fig. 6 we find, that it is obvious-
ly a countryh level of education which ﬁappens to be very
stgnificantly correlated with its euvonomic performance and
that, therefore, this factor has to be included in a product-
ion function. |

+ A rclatiﬁasnip ti&iiﬁ? to thxt presented in Fig. 5 has becn |
pointed gut by Krelle (26) niirm thﬂ claag fit betwecn

érmulated by tre i

2y data from ihduse- !

jithout being ;

,xian of countries -
Ture.

capitai invtiﬁﬁ
thcory ¢




Per capita tncome and literacy rates in groupes of
countrics with similar structure

The diugram shows the olose fit to the exponsntial
relation betwean the economic output and level of
educattion.

ioser examination of the relationship between education
and income in a cross-section of couatries reveals that
the aggregation of countries according to the criterion
of simiiar healih development is alsoc a good criterion for
thie purpose. The regression coefficient of the education

is practically the same in all the m»gions.+ The lntevccptsQ
nf the regression lines however Jiffer from one zone to the
other. Significant difierences however do occur oaly between
five large zones of the world.

~.e evidence presented thus far ~an be summarized as follows:
There is sufficient empirica. support for concluding that a
country's eoconomio performance is mainly determined by shree
factors, namely capital (emergy), sducation (informatien) and
struoture. '

¢

chlonn are dcfinod by the criterion of equal heslth
development. R
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Fig. 7: The special position of Venesuela, Trinidad and

Tobago tn the comparison of per capita tncome and
literacy in South Amarica

Venezuela's large deviation from tha regression line
18 very striking and ocan be explained, even quanvi-
tatively, by this oountry'se important oil production.

The impcriant influence of mineral resources on the level of
aconomic output ie supported by observations in other regions,
in particular in the countries of the Near Fast and in

Africa,

2.5 Combipipg.bs.factors

& B %

If we now
separately
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Fig. 8 Comparison of observed par capita income and ité
astimated c& caloulated value when ascount 18 wvaeing
taken of all the factors

All factors combined yteld a muoch highar explanato-
ry rower. Discrepancies between observed and calou-
lated values are insigntificant.

The individuai factors are combined by means of the so-called
General Production Function, wnich will be described mathe-
matically in the paragraph which follows.

3. MATHEMATICAL EXPRESSION OF THE "GENERAL PRODUCTION FUNCTION"
' . / L E s
y s o R I [ { n0»28 ) foaf e 88
T,z p\ R 7\ 0,75

! m

y ‘o per capita income, measured iin US-dollars
per inhabitant (annual)

efficiency parameters

O

a ' e erployment ratio

R ... per capita capital input, measured by m&tﬁa
: of energy indieators
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1N @ Crosu=Secoion 0L countricn by ecconoansiylc meane. Wi’
the parameters are not oxactly i/4% or 1, reupectively, thoy
do not depart statistically significently from thesc veiuco

uscd for the saxe of simplicity.

A closcr look at this equation reveals an interesting relailon
between the Ceneral Production Function and the well known
Cobb-Douglas Function which is of the type most froequently
used in computing and csilimating macic -econumic production
functions. It has been estimated for the first time for the

United States and
capital and labor

describes the rclationship between both

inputs and

oan be regarded asé a epeoial
Punetion: if the two factors
constant (social technology,

incoma. The Cobb-~Douglas Function
ease of thae Genaral Production
education and structure renain
orgenisation and management,

values system e¢tc. remaining static). In this static case
the General Production Function becomes formally identical

with the Cobb-Douglas Function.

If we convert the per capita relationships of aquation (1)

to total values, while assuning no major departure from the
optimal relationship (1eav1n; out the expression for complenent-
arity) .and disregarding natural resources, we get

o P&t‘% (ia)

yof . m(?)‘}j(?)% R X




Do :i"'\/(it.t.'! RS

N ¥ T T Y TR

CaecaTina Wil
STty cact (as Zan o Sl
cdulatsoll vXPLdoiCl. L0 Lae L3A LTasted  a
Ciiilar CLSeIVatiOn, magnt Se true «wbout the sirullure
posuibly gal. Lu crunble and beduie wyhRaliC Only wilh

tne cnset of 1o

P N X RVt
L T A

Fig. 9: Number of college graduates in the USA for the
yeare 1870 - 1970

It ts8 clearly evident from this diagram that the
education explosion in the USA began only after 1920.

L, CONTRIBUTICN OF INDIVIDUAL FACTCRS TO THE PZRFORMANCE OF
THE ECONCMY

4.1 ugetion_as_a_factor of production (gualification
bor

Ed
£

cé
LK 2
la

'

Waen it came to the task of‘measur'ing the information, pro¢§s~
sing capacity of the system = which is closely tied to the o
gualification of labor - figure:s pertaining to the education~
al structure were used. These figures were derived from qm- .
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15 10 becauce tho laioli o9 DO owmply Dllae-Geperdr D, Ll
is hignly modificd by the native intellipgence, educctiondd
level, and willingnees 1O learn of the porcon subicotod oo
this process. Ir one, ¢n the other hundg, usces eduCatiOnal
statistics as indicators, one arrives at a measure probubly
containing all the comronents just mentionad. Such educalion-
al data not only statce more length of training, pbut also -

as a result oi drop-outs and rcterdation - the components
"adaptability" and "willingnces to leara"

Sumnarizing the empiricel evidence concerning the reiat.ion
petween education and the other factors of the General Produci-
ion Function we may state: first we find an exponential
relationship betwaen the qualification of labor (. c.
eduoation) and sconomic performance; then we observe tha
therc exists a certain amount of complementariiy beilween
qualification and capital; and finally we sase that a similar
relationship holds for the subfactors of education, i. c.
primary, secondary and higher education are substitutable
only in a very narrvow raxgé.

41.1 Exponential relationship of education and income
As opposed to those concopts which understand the contribution

of education to incoma as tha aitcs qt Peturn to human
capital (i, & cﬁgitii scouMulated: ia fﬁc mmmcccc of sducation),
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Arnother 1ruostent copcet Lo be Gualt with when seruvinizsing
the relationciilp seiwedn education anu economic outpul is
tic fact, that a time lag of ten to fificen yrard 6x13L8
Letween an “injeciion™ in one of the catcgories of cducation
and its evzntual cficct on *he economy. It is this time lag
which mekes o triai-ana-error control of the educational
system via the lebor market 50 extrehiely diflicult anc which
makes this type of crpirical market feed-back so prone to

oscillations.

4.1.3 Compiementarity of factors

The factors cducation and capital do not occur in random
combination, but we observe only a limited degree of substi-
tutability between theve faciors. This implies, that the in-
formation processing capacity is tightly connected to the
energy processing capacity. An expansion in oae sector only
produces a deviation from the optimum relationship. Such a
deviaticn is characterized by a suboptimal use of the factor

which is in surpius.

Empirically, we have arrived at the following optimal -

kS
ki b

relationship:
(2)
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7ig. 10: limited substitutability of education and capital.
The ourvature of the tsoquant desoribes the limit-
ation of substitutability of the two factors. Un=
limited substitutability would correspond approx-
imately to the dotted tangent of aurve 8500. The
interrupted line represents optimal relation.

“.1.4 Complementarity ‘'of subfactors

The corcept of limited complementarity can Le meaningfully
applied also 1o the various cetegories of educazion. It
turned out that the nutwrical relation Laetwsen the various
ecucational categories differed from one group of countries
to the other. Furtharsors, shere esisds an cptimal relasion-
ehip, in she omwe of phish $he soonawia sffost of eduestion ..
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0i ecucation whicl represents a botticnech yiclds the hipgn-
cot returas. An 1dentical invesiment in & "surpius category"

produces much smallor gains.

k.2 Capital_as_a_factor of production
In order 10 estimate the Gereral Production Functlion the
energy processing capacity is measured on the basis of datae
for the total energy consumption of a country as well as by
using the figures for electric power consumption. In using
these mcasures it became apparent, that for countries, f{or
which capital stock time series exist, these time series

have a remarkably high degrec of correlation with an indicato
reflecting the changes in total energy consumption and in

the use of electric power. This can be expressed in the
following relationship:

I R "20'25 (3)
k = capital per capita ‘ : :
®my = energy consumption par capita '
mp » consumption of slectricity per capita

The fact that energy consumption turns out to be subh ‘&;:j;
useful capital indicator has its hatp~1yin¢ causes. Iwep
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orocess. In wny cuse, nowever, “artificial chnerpy turned

out “© be the prerequisile of nmcchanisction. Thin - at leuan

in part - explains ihe clese relationship batween energy

utilization «nd capital.

The contribution capital mekec to the economic ouiput
remeins more or less the same, regardless of whother we use
the Generel Production Function or the Cobb-Douglas Function

in its computation. Furthermore, in the General Production
Function it corresponds at least approxinately to the contrlbu-
tion of capital to output arrived at by using the Marginal
Productivity Theory and assuming perfect competition , when
viewing capital's empirically obscrved returns.

Another such ohbservation relates to techuological developmant
in the production process. Looking at the world-wide develop-
ment over time, the relation of electric power used to tota.
energy consumption is changing, since the use of the former

increases by a square ratio to the increase in total power
needs. This relation of 2lectric to total energy consumption 1
is frequently used as a measure for the technological level !
of the stock of capital (machinery, etc.). Thus it is rslated %
to capital-induced technological progress. One study by
P. B. Du Bofd ¢10), amongst others, sesms to support this
interpretation. In-dealing with the development of the Unitved
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o0f clear, known charges 10 sanufactussng productivity ...
And, efter dealing withi the various functions and uses of

clectric power in plant modcrnization, he states: "Llectric
sower affected tae whole scope of thece procensing services,

by revolutionizing the application of enerpy to materials.”

cummarizing we can say that anergy indicators can be usaed for
neaduring capital stoex. Doing this, we take, nroreover, into
account actual utilization of capital, which corresponds to
what Solow calls "Empioyed Capital". It encompasscs only
that part of capital defined as "active" capital stock (viz.

plant and machirary excluding buildings).

4.3 Siructure_as_a_factor_influencing_the_production

-

%.3.1 Static featurcs

Measured in a cross-section, the efficiency parameter Py, t
of the Gencral Production Function is the same for all countirie
belonging to one group at & given time. As previously stated,
analizing efforts in the field of health makes a division of
countries in 14 distinct groups possible. Some of these

gvoup's have very similar efficiency parameters and thus can
be aggregated into Greater Zones. The characteristic trait
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A map of Graater Zones

It is interesting to note thut Greater lones with
differing efficiency pasameters ~ vhich vere calculated
using only the data for pur capita incoms, educktion,
vapital and natural resources- strongly resamble tha
various groups of countries and areas of a map shouwing
dominant religions. The aone of maszimum effioiency
goneiats almost exclusivaely of Protestani nations,

the one ranking Just below tt of Catholic countries -
inoluding Gresk Orthodoz and formerly Christian count-
mes of the Nediterransan regtion. This would seam to
indfoate that Nax Weber's theoriss could be to some
extant empiricaily verified (51)., The results of McClel-
land’s(31)veveareh gan be interpreted in a similar way.

P 1 ngvaiag efficiency
} of depisive importance
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Ciothe eificionty palemc ter ovor taine beoond apparuie.
Trhis = conpd.oed 1o the old residua, tdctor ci itne Coob-
Douplas funciion - noe w  residuul factor of tha Gencral
Prodrction Function rcflevts world-wide increcascs in aof-
fictency. 7hece lncreases resusl on cic Yand from the develop~
ment of now technolufies and their adepliun to tie productio:n
process and on vhe otler from improvenaris in the organisa-
(ion structurc. The diffevences in the development of the
cificiency parancier over time that exist between th.

sepurate groups of countries resuit from varying cnanges

in the stiructure, i. e. the culturally determined behavior

patterns and corresponding forms of social orgarisation.

4.3.3 Complemcntarity betwcen production factors
and structure

It is highly likely that the complementarity mentioned in
4.1.3 also exists between the production factors capital and
education on onec side and the structure of the system on

the other. This means that a quantitative increasc in the
faotors capital and education must be matched by corrasponding
progessive changes in the structure of organisation in order
to enable the system to process and utilize effectively ever
increasing quantities of data and energy. Changes in values

and attitudes on one hand make changes in the structure of
organisation possible, on the other hand they thenselves
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Natural TeoourCes Gi e taken into weCouat wccord.ng to o an
index busvd on the totai value of mining and crude oil
production. Using regression calculetion, one finds that
approzimately 80 % of ithe value of retural resourccs are
added to the income determined by the other factorc;

5. SUMMARY OF THE RESULTS HITHERTO OBTAINED

The results thus far obtained by our method can be summarized

as follows:

The effectiveness of the social sub-system economy can be
described by the General Production Function, which shows
certain characteristic traits. It describes economic output
¢ ) terms of both material and non-material inputs, as well
&} of systemic structure. The input factors are related to
each other according to limited substitutability (partial
complementarity).

The concept of defining society as an energy and informat.on
processing system with varying structure has turned out to

be extremely useful in Sﬁtmﬁml comparisons on country
level, aimed at d¢ ing &ﬁﬂ ﬁﬁpkﬁiﬁi@; nhtir vuvyins
eoonomic,pgﬁgff”‘ :
went to broade




oither invectipations. A pariiculacly Lijpoesicoe @i
in this conncction the question, if wnd L0 woal Cries.

the Generel Production Funpction can be lwanliactully et

to describe the output of individual brunclics 0f procuction

or sectors of industry.
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fountries are societal systems as defined above. They have

e clecarly marked area of autoncmous decision-making, well
calincated structure, goverring thz formulation of goals

and decisions, and ara surticiently set off from surrounding
other entities iv developd SpeClnlc attitudes, modes of be-
navior and forms of orzanisation. None of these criteria,
however, apply to the entity "sector of industrial product-
ion", because the individual branches areé n ot societal
systemsz. They are, vather, the sumn of social systems, namely
firms, to which tha above criteria d © apply.

Thus ouxr considerations sre dominated by the question,
whether by aggregating firms their properties as social
systems are .being lost or whether the basia ralations be-
tween energy and information processing remain imtaos also
in the aggregate. Naturally, for the time being, we must
forego entering the immanant we‘blm a: Wtion in
detail.




U orscier o sioto mere or o legs pre;natically that for the

purpu: s of brocd revearch GnTo ceononic inturraotations,
UCiny, OLROr Cata Than CouLiry-situdivs and soiag into preater
detell hnan tac dotiers, tae dncustoy level seeins to be ihe
nearcst - if not the scle - meaningiul level of aggregation.

Widespraad reopreccataiive data oa efforts and achievemants
of a majority of individuai firmi are simply not available.
In the following, w2 shall attempi to muster some additionai
reasons why - beyond the pragmatic point of view - the use

of branch figurcs appears advisable.

1.3 Additional influencing_factors_on_the enterprise

If we were to investigate individual firms in order to
discover the connection betwzen their economic performance
on one hand and their structure as well as energy and cata
processing capacity on the other, we should undoubtedly have
to consider two more factors: technology applied and the
siz¢ of the enterprise. Technology presumably influences
predominantly the relationship between the inputs "capital®
and "education", while di¥ferenccs in the size of enterprises
would find expression in the relationship between the
structural factor and the other two factors. ~ Now in what
way does aggregating individual firme into branches of pro-
duction influence these variables?

1.3.1 Sectors of industry as aggregates of enterprises
with "gimilar" technologies

Among the two influencing factors, technology is doubtlessly
the factor which is more difficult to quantify. Yet - even
with all due statistical reservations - it appears to ba




Ly WY [IEI ¢ v i o« N
¥
{ M R4 ' E) £ N
te LV . ¢ L] it
. N A . - e . Yo . 3 e
»"‘l Weo, Lo Q4 O B Voo U L Olhioa.
Cherhoo TWIG UL G WO oV odda st negitr s

LT £ L N N v ey . L. L PR R S
Gli oD Tron Cua (o RN TS SaN FUPRE SN Vel ‘,' Viveron > A.‘i.i,kn)' chd U Ui

e

penerally une dificrent row doioriann Wl Gl CgorIen of

Gemi-firished dnpuis. As for what i done with tle LALAT sl
woe Can ot least clotinpuish betw ei Lo maJor oroapa:

branches that toansTorid Fow maield ials inlo materiuls or
finished products, dnd OTiers WLOLE ©CLNOLOZY ig primari;y
nearcd to the shaping (cesting, forging, punching, willing,
cte.) and combining (leminating, coating, etc.) of matericls.
This leads us to believe that the definition of iadustrics tencsio
result in aggregates with similar technologies. Thus it is
safec to assume that firms within a branch are using move or
leas the same technology - if that concept is defined as
lcsely as we have above. This would mean that parameters
estimated for the branch would also be applicable and meaning-

ful in describing relationships within the firms.

1.3.2 Varying size~structure

The bias introduced through aggregation that results from
the varying size-structure of enterprises from one country
to another is an entirely different matter. These differences
will be important inasmuch as size of enterprise tends to
influence the orgarnisation of energy and information proces-
sing, and thus the structure of the firm as well as the
significance of its management. Therefore, ir a sector study

B ve should be able to control this factor. Consequently, such

an undertaking would have to aim at either suppressing or
taking account of the influence of differences in size-
structure (f enterprises on tha results. obtained.




Lote, Jiet, in spitc or all jusinliaeble
theorecical ooleitauns, votirating secior production {unci.ons
{6 puresy plegheiic consadesatione = appesrs Lo be a poiord
meaningiul. Aguaropation talos anto account the
technologsy inh sdchh @ way, that the indluence oI thls
1s decisively reduced when cciimating sec.or procuction
functions. Doubtlessly, one of the main remaining probicms
is adequate censideration of the differing size-structure
of the diffcrent obsazrvations - be it in time series or

cross-sections.

the following parts of this study shall deal with the
problems érising when transferring the succescful concept
of the General Production Function to the development of
sector production function. In doing so, we pre-suppose the

following analogies:

General Producticn Function: Sector Production Funetion:

Education Qualification of lador: social
information processing and work-
related skiils

Capital Capital

"Structure" (cross-section) Management, human relations,
organisational structures

"Structure” (time gequence) Techrological progress and
adaptation of organisation

All values are calculated on per caﬁita basis. This lc&d;d

to the following analogy:

Population x employment Labor force
ratio
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2.1.1 General considerations

1n contrasi to the CobL-Douglas and other similer production
functions the General Procuction Function has in addiiion to
the generally uscd factors the term

e P

This expression represents a measure for the qualificartion

of "labor", which in many other production functions Is
expressed purely quantitatively and without any attempt to
measure quality. In our i.ternational comparisons this measurec
of quality could be expressed quantitatively by the amount

of educated people in the respective countries, and inter-
preted as Jdata or information processing capacity of society

as & whole.

In all considerations regarding the transfer ¢f the qualifi- i
cation measuie used in the General Production Function to ;
sector production functions the question soon arises whether

the concept of social infornation processing is valid and
meaningful on the sector and individual-enterprise level,

too. To what extent iz i. feasible - within the area of
qualification - to measure or quantify sub-categories on

the basis of availaﬁiu cnpfrical ‘data, is one question, and
"should the enn&tpt bt wid!n«d" the other. '

We are incliaat‘tv think that the aaglicafien of our concept
(social mfmtm mtim}u unful 130 on the individual-




production process iu guldec ny
Caong Anformation aceeiuing

oL nIsLlion struciure Lilola. ...,

rul ity b Vel un peetOnr . SubmLateluries, howvever,

Calliie . belween polaary, sccondary and higher ecucut.c.

ceed i country leve., Cuil ot plesant not be neagures

oetor level by the use of avallable statistical data.

'ne further guostion of wacuner the concept of jocial inforn..-

tion precessing in its present fora is sufficient and adequu.tc

Lo descride qualification satisfactorily for sector production

nas to be answcred. Our basic concept, which defines society
15 @ learnmyT system, leads us to considerations which nake

a further subuivision of qualification desirablo, when a

¢ evelopnent at the sector level is to be studied. This sub-
ivision derives from the varying functions and positions

.f personnel within the information processing system of the
individual enicrprise and from the interaction of capital

and lebor in the production process. Far the description of
chese interactions we need the definition of a new type of

capability: "skills". "Skills" are those capabilities direci=

1y needed in the production process, say in the operation of

machinerv. This new factor "skills" cbviously constitutes

1 second category of qualifiecation, which, however, is‘alchlr :

related to the first, which is social information processing
capacity and has already been descrided above. Ve shall -
attempt to demcnstrate the usefulness of this approach in
the course of our treatise.

In summing up we can state that the measuring not onily ef mh&
soetal data processing ocapacity dut also of uork-roldtal kil
/ields suitable indicators for the description of qullity )
of labor" within a given sector.
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fola way = represclo a juncture point of the syston: On one

hand we {ing « close irntercc..ioin betwoeenh man and machinoe,
in whieh man represents tihe data proce.sing part of thig

closely delaned production synten, walle one of the functions

of the machine is to provide the encrgy requaircd. On the
other hand, the operator is closely tied to the social in-
formation processing system: we can go as far as sceing in
the operator its output unit.

Communication betwecen different individuals employed in this
category is comparatively limited, while relatively narrowly
defined goals are the objective of their activity. Learning-
by-doing plays an important role in expanding the faculties
of the operators. Thus it seems advisable to provide training
in and for these gqualifications somewhere near the site of
production, preferably in facilities owned by the firm or
closely related to specific sectors.

It {5 interesting to reflect - taking into account the two
fundamental functions of the factor labor just outlined -

what task training in vocational schools seems to perform.

"his type of education would, so to speak, provide the basis
for linking the "operatore” with social data processing -
simply by giving the 'student the theoretical background for
undarstanding his own role or function. Thus, vocational
schools provide a “common language® for both,operators and
social data pruhcstins‘ T™is f» important, since we can re-
gard aach op ‘ﬁa*& as an outgest of ﬁm étt& processing system.
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with an economic systen rnot yet fulliy developed. Therefore,

if we 100Kk 4T tuac historic developsant of industriaiized

countries we find, that before tre Industridal Revolution
the preva.ence of sxills was mostly decisive for regional
economic success, whercas in the process of industrialization

the importance of social inforuation procccsing becare ever

increasing.

The historical observations suggeécts also the hypothesis
that the mastery of specific skills can be tied to compara-
tively narrowly limited local conditions. This often finds
expression in strongly locally roo:ed traditions of certain
professions (artisans, craftsmen, etc.) and partially ex-
plains the often dominant role certain branches of product-
ion play in a specific region. It is the qualification of
workers which would appear to be a suitable indicator for
this category of qualification of labor .

o

2.1.3 Social information prosaessing within the enterprise -

The social information processing capacity is respon#iblt‘
for the over all control of the production process and for
its integration into the respective markets.

Ty

Hers we are dealing with the area that describes the abilisy
of the systom to handle, transmit and store information and
to effect decisions. With this factor we describe the effici
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is a neccessory prereguicite for ito precessing. The overall
performarce of socias data procescin cannol boe viewed as

the cum total of the effourts of a nusber of individyals -
actually, it is the procduct of the interrclationship between
their efforts. Social cata processing appears to require
gencral qualification and :bilities which can be taught
independently with regard to either enterprise or scctor

of the cconomy. They are, however, ciosely related to certain
artitudes and patterns of behlav.ior. These, in turn, are
determined by the country's structure. A suitable measurc

for social information processing capacity within the individual
enterprise seams to be the qualification of its employees.

2.1.4 The interrelationship betwecen social data processing
and the skills of the working force

It is assumed that a semi~limitational relationship obtains
between these two categories. That would mean that a1
iner:ase in production under conditions of etatio tachnology
can only be achisved by a balanced incrsase in bosh inputs.
It is to be expected, however, that the equilibrium-relation-
ship between the two categories would be changed or somehow
affected by a dynamic change in technology, i{. e. a changs

of technology over time in one sector of production would

result in a saift of this optimal relationsghip. \ -
LR LI Bb L ! PR S
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the cecope ©I sOCial (aid processing would grow.

2.2 Capiie)_input_ernd technol ogy

2.2.1 General considerations

We have alrcacy pointed out that the General Production
Function is similar to othdr production functions in that

it uses capiial as orne determining factor of economic
performance. Moreover the reclationship between the two
variables is similar to the one estimated using other approaches
There are, however, differcnces in the way capital has been
evaluated, since the General Production Function has been |
estimated using data for energy consumption. This concept ’
geems to be promising and can be tranc@rmed to the estimation
of sector production functions. Finally we see¢, that one
concept of subdividing the production factor "labor" into

two subfactors gives new insight into the mechanisms of
interaction between capital and labor. In fact we observe

a substitution proccss between capital and skills in the “»
process of technological development, this being accompariied
be a "balarced" increase of energy and information proces- -
sing capacity veflecting a complementary relationship be=
tween capital #nd social data processing capacity. ‘

2.2.2 Capital and energy = -

For the estimation of the General Production Function the
dominant problem was to measurs energy processing oapagid
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ance, We S..eil ceal in this port of our otudy with the

fuclor "capitul" - and noi Jjust Witn cnerLy proceusing - e
greater detail, at the same time attvempting 1o somewhat

analyse its function.

Without doubt the Industrial Revoliution was characteriacd
by the use of vaptifical" energy in the production proccuu
and by the subsequent tremendous increase in the utiliza:ion
of this type of energy. The use of more and more machinery
kept step with this trend, and - nacessarily - the capaciiy
of the sconomy to utilize energy is expanding proportionelly.

2.2.3 Capital and skill

The industrial development lsads to the following phenc.m,nc“.
Tha scope ©F "skills” the aapital oan perform is conetantly
inoreased. Thus the function of capital can be divided into
two main coaponents: on one hand capital is“used t0 procese
energy, and on the other hand it takes over "gkill" functions
from the -labor input. “The power-engine as a source of

motive capacity had to be ... linked to a machine perforaing
the WOk +«+ Only after these two were linked came the next
big step i’mm it the fruitfulncu of crafts production

(41 po &ﬁ}w

,f@,,,,. certain nk.tna sivas new




L. oy the une 05 Gt oange oG, shapy ) moetes puienes,
D0 (,‘O,;l“u‘xnﬂ‘; EIARYE S F I U U SYC R I W 4t A bl 2 Lhe tase
O7 LU GG s, Thae TP s takes ovel thae control

Ghetion froo the cuerator. A {ully aurusated proauction

>ty

acil_oty uo longer has neot fo0 vparaiens (in the sense

by

in which we save hithoerto enployed ihis teram), but still
for socicl inforwiion processing. Une can silate uite
dofinitely that ¢ne of (he components of capital-incuced
technological progress s the take-over of skills fornerly
in the domain of the operator by ihe machine. This, 28
teclmoluﬂy Gevlops &nC progresses over time, a substitution
of capital-related skills for labor-related skills takes

place.

To avoid giving the impression that we are oversinplifying
matters, it should be pointed out that the "take-over" of
"gkills" is only o n e of the aspects of capital-induced
technological progress. There are e. {. kinds of progress

in which other production inputs are dropped or reduced. In
such cases we are dealing with technological progress, i. e.
based on economizing on energy or material.

2.2.4 Capital and social information processing

The described process of substitution, however, does no ¢t
affect, i. e. reduce, the information processing capacity
of the system in the same way. Among the corollaries of an
incréase of the capital input are both an increased use of
energy and thus an expansion of the production level. This
expansion in turn can only be meaningfully effected by in-
creasing the social information processing capacity adsquate-
ly - especially in such areas as marketing, research, invcnt;
ory control, accounting, etc. - Thus the subgtitution of
capital for labor as part of economic development enphasised
by all the traditional theories does not necessarily contpadi

i




o.r observai.on, that energy and information processing
capadility of a system are tied together in a more cr
.ess conplementary relationship.
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procssses unhioh. affect the information proasssing subsystea.
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In “ranciemwy Thios conoel o the fatlesiion in oo specil.c
noector of produci.aii, 1nis eificiency parancter is 'related

to the teshe of wanal<menc. The tusks of manc uement - which
must not he related to ownersh p of an enterprise - consist,
asica from determ.aing the arount of factor input, in the
cetermination o. aims and goals, in decisliors pertainihg to

the type of tec.nclogy us sed, ano in the design of structures
for social inform.tion processing. In other words: manapenent
rust deterainc the WHAT and HOW of procduction. The WHAT is
cxpressed in terms ui goals of production; the HOW means -
within the entcrprise - deciuvliony on suitable technology and
developrent of corresponding organisation structure for

their implementation. Externally, the HOW governs competitive
strategy, sales and promotion. An important task of management
lies in the field of innovation, i. e. the aquisition and
adaption of new tcc hniques and technologies and the harmonious
adjusiment of organisation structure to the renulting changes.

In terms of cybernetics, production goals and their selection
can be likened to the establishing of desired points of
operating. The realization of these targets is centroiled

by the information processing system guiding the production
system. Aside from establishing goals and determining the
scale, on which factors of production are used, management
must also draw up the schemztic of social data procassing,
and bring about and cultivate attitudes and patterns of
behavior adequate to and consistent with this schematic.

In this process human capital {s, 80 to Speak, the raw
naterial, from which management builds the social information
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nto a closced rmodel of ccononic developnent. Thils Mmeany
b2t exogenous variables not furines cxkplained or deiined
sster into this funciion. These are the factors of production

"capital", "education" and "na tural resources'.

In a sector study c¢f production, tne situation is only

pa’tly similar. Among the similarities is the fact that

the volume of factors of production employed all over the

world in one specific branch is exogenously determinred.

Wworldwide demand for the products of & sector is the

exogenous variable that determins factor use on the global
levei. Within this exogenously given global demand one

has to deal with and consider the differcnt amounts of

resources allocated in the individual countries and - with-

in the countries - in individuval firms in response to that
demand. An explanatory variable for these aspects of distrib-
ution could be e. g. the dcgree to which the optimal combination
of factors of production is achieved. The combining of A
production factors in a relationship that - to a greater or
lecser degree - approaches the optimal is a task of the

mnanagement in that country, determining the relative success

or failure of that country in competing on world markets.

Thus, in addition to the exogenous factors - e. §. natural
resources and supply of labor of a certain lsvel of qualifi-

cation, which can be assumed to be exogenously determined

for a given country - and branch-specific world demand,

management determines the extent to which factors of pro-

duction are used in a given industey in any given country. |
sinilar considerations determine the position ~f & firm |
within & beanch of production. 2 I T
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sutial adeptacivn of attituces Wwithin the smaller sccuor
anits (e, g. the ‘ndividual enterprises) and eventually

cpow iNto trangsectordi aades oi concuct.

©,3.3 Manager :nt oatd technolopgical development

{nnovation, i. ¢. the adaptation of pew technology to the
roduction procceus and making the corresponding cranges in
organisational scructure hes been called an important task

of managercnt. Innovetica, however, is closely tied to
rechnological prcpress resulting from inventions. Expres-

ced in teems of ihe General Production Function, technological
TroJress (rc sulting in incrcased factor efficiency) means, 4
that the efficicnny pacemater p,- which, in cross-sectional
cemparison witnin & grov) of countries, remains constant ~
incpeases over time. The speed of growth of the efficiency
parameter ¢epends on the propensity for expansion of knows
ledge (invention) and tha propensity for innovation.

in a similar wey, the technolozical development of industries
does 2lso depend on the two.components just mentioned: Know-
ladge of new technologies can in principle be assumed to be
available tha worldé over. The actual technological develop- 2
nent of a sector in a certain country, however, does not only

depend on this vechnological progress but is very severly

mflucmté by the roadiness to innovate. It is actually

managc:amt m it Mcp&mihh for this latter innovation
activitya ;
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optinal reletic O cnenyy and information process

in the Cencral Productlion Iunction.

At this point of tre study it secms to be useful to distinguish

explicitly betweaen dilfercnces in efiiciency due to the fact
that countries belong to differemt zones , i. e. to different
structures, and thosc differences in efiective factor use
due to the degree to which their combination approaches

optimality.

This distinction can be made in analogy with the Gencral
Production function. ELfficiercy paramters vary according

to Greater Zone , while the optimal relationship remains the
same all over the world. Accordingly, it is tc be expected,
that - in drawing up branch or sector nroduction functions -
the efficiency paramecter will vary among the 5 Greater Zones
and, beyond that, even anong the firms in one given country.
The optimal relationchip of input factors, on the other hand,
probably will remain globally constant for every sector. The
optimality will differ from sector to sector. '
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Pig. 13: The optimal rsilation of capital input and quali-
fication of labor in different industries

Probably we will find oapital-intensive industrics

(A) as well as qualification-intensive seéctors (D)
and finally ssotors which move from one eide to the
other (B, C). The optii 2l relation for a oountry

ean be seen as the average of the corresponding optima
of she different sectors.

The degres t¢ which individual nations have either achieved
or failed in achieving this optimal relationship of facter
utilisetion in a certain sector determines their relative
pesition ia international competition in this industry.

We 3ust, however, also copsider the possibility, that the
: optimdl Pelationship is not oniy detersined by the branch
> investigated but by the scale of enterprise or size of firm,
100. A further observation to be fitted into this context is
thoimj;*eéﬂ'i&t the Gensral Production Funoction assunes & certain
complemengarity between the scale of factor use and the organi-
yusturs.. In ranapasing this assupption to the
4+ @ i Digger f£irms - demands
atpeased. 3f this Turns out
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in order to estimate the General Producticn Function in a
cross-section comparicon, We have uUSed cither Grous Nationel
Procuct or National Income per-capita figures to define
economic performence. These figures should be understood

to be gruss production values, since taey include inter-
mediate goods and services not to be explained by the value
of productive factor inputs. Mainly two types of variables
pelong in this calegory: a deficit in the balance of pay-
ments and natural resources. Natural resources fall in the
category of intermediate goods, inasmuch as they rcpresent
values put at the disposal of a country by nature itgelf,
quite independently of th: use of the input of productive
factors. If we now transform the equation (1) by substracting

0.8 r from each side, we get

1\~¢ » Y7
1 3 T
y-0.8r = p,, m¥ a¥ e® % EB" + % - ()
e Yy

This relationship describes how a country's "value added”

is explained in terms of inputs of productive factors. This:
model is now to be used for the estimation of sector produtts
ion functions. In these, the economit¢ performance of an
industry is represented by the value added - this being the
difference between its gross production minus the input of
intermediate goods and services. Net production is dxplained .
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¢ tyne of capital-antensive production, in wiaich the role of
wocial data orocesuing 1s a comparatively minor one. Such a
Lltuation could obiain e. g. in such arcas of produccoiun in
which ~ in comparison to other industries - the optimal re-
lationship is marked by & fairly dominant position of capital,
which is yet strongly increased by countinuing technological
development. We could interpret this as a special complement-
arity, namely between capital and material inputs of inter-
mediule goods or natural resourcus. The gqualification of

social data procecsing here is relatively insignificant. Tris,
on the other hand, means, that the efforts in rescarch, markiet
research, pianning, promotion and advert.sing or distribution
are proportionally lower. A capital-intensive producticn of
this type will have to operate ncar the cost margin, since -
from the side of qualification of labor - there is practical-
ly no limit to supply. Thus the value of production is progres-
sively more determined by demand. This can possibly lead to
ruinous' competition, in which advantages of location, connected
with natural resources, can be decisive, since they, in turn,
account for & great portion of gross production value.

For thie reason one %ae to be avare of the fact, that inter-
mediate goods - although being eliminated through the use of
value added as Jdependent variable ~ otill have an influence

on the parameters of the seotoral production funesion.

4
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Takiiig 1NTO accoO.nt <y conpidcrations deseribed thus far

and the resultu Cbiuiied ih Country compurisons whicli are
gumrmarized in the General Production Function, we may

tentatively fc mulate a Sector Production Function of the

following type:

Iny = 1n kg + k,qy ¢ koQy * kg« ° (5)

value added

q; @ amount of skills (see chapter 11/2.1.2)

z qualificaiion for social information proces-

sing (sec chapter 11/2.1.3)

¢ = capital (see chapter 11/2.2) .
(All the variables are calculated on & [ér capita ]
basis) i
i
e

<
"

°o
»
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The problem now arises how the different independent vcpiablclé

in equation (5 ) ought to be actually measured. That will
have to be the topic of this following chapter.

2. MEASURING THE FACTORS OF THE SECTOR PRODUCTION FUNCTION.

2.1 Qualification_of labor

Our experience with the General Production Function, "'-“;
us observation of the relationsha, betwesn income and




tion ©n the individual level
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Fig. 14: A graph shoving this relationship for individuals
in the USA

1sad us ts the assumption that the amluication variables q

cf the fector Praduction Functien will have an nxponcntul
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while in.the Seneral Production Function the relative
conpigniey 0f thie. tern m Yaken into acoount by, maasuring
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e futiCual SuCiG. o, WLl o oVl veloped to haegan witl,
d a0 or - L he wApaiesen inoachioved at trhe cxpuense of
0t her lewe 1o Of CauCael ol T eVEn LCgLlive efivcts on thu

procuct.

Trhks, 1his L.opatided mothod, using oniy the reictively

6mallest COLOUTIional CulTgulys doubtleicly ig incomplerc.

1r ORe Glnt G4l @ more dtcuraile represoniation of reality,
orc Wou.d heve to clways include e 11 (three) qualili-
Cat.on cutosoiies inio one's observation. A similarly sophisti-
cated approach would be the goal in wnaiyzing sectors of

industry, LOO.

In empirically measuring qualification in a brancn-cok.parison
study we have followed a suggestion implied by Fels (12).

liis basic assumption is, that the difference betwecn the
actual sun total of salarics and wages and a hypothetical
figure derived from multiplying the wages for unskilled labor
and the number of people in the working force makes a suit-
able measure for determining qualification of labor - in his
terminology “Human Capital®. "Human capital data had to be
estimated. The method applied ie based on the consideration
that the difference between the actual wage bill and a
fictive wage, in which labor input ig valued by the wage rate
for unskilled labor, can be ragarded as a return to human
capital."

This mode of computation is, however, only valid if one can
rightly assume, that the various wage and salary rates are
actually strongly influenced by corresponding differences in
qualification. Only in such a case could the available
statistical data on returns to the fattor labor fairly be
used in determining the measure of qualification.

e

R Y oy

=




sl oo the onslinees roerstlioncn o hotherto foung 4o
Ooteln BOTVEEn Quaelificalicn et coonon.c ol ficivuey (and
vhich we ascune to be valid oa t..o induntiy Llovel, wo0),

we have come 1o the conclusion, et it maght be mo.d
meaningful (0 sumewhat KOCLLy The ebove mecsuring device.
We are using not the differcace betweern the iwo magaliudes
used by TFels, but the ratios.That this quotient provides

a better indicator for qualification of labor than the Gif-
ferance approach menticned, car be decuced from the
relationship observed between average incoiie and average

qualification of individuals (eee Fig. 14).

The wages of an unskilled laberer (L,) depends on his quali-
fication {(qy), which constitutes so to speak a minimun prec-
requisite for the use of manpower in a given country.

L, e Qu or 1ln Ly = qQu (7)

The analogous relationship for a skilled worker looks like
this: ‘

Lg 'k L] s or in L' ® Qg (8)

1f we furthormore define the qualification of labor as the
difference between skills and abilities actually available
and the minimum requirements, we arrive at the fallowing
relationship: o

Qs lnly - dnly or ﬁ~‘iia~‘;§’ {(9)

This expression, however, is idantical to:
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AN CepPlividlal on Or i ferentis in the queliflicotion o
Manage..ent. I nummning up, wWe dh statle Lhat conputing the
neasure of cualification ry the whove method yields indica-

tors adequate and uscful in inter-branch conperative studicu.

The meikod for arriving at ualificaelion measures desceribed
can be used 1o estimate the amount of t£kills of workers es
well a5 for the inforumation processing capacity of employces
In measuring these two magnitudcs we are using an idea of
Hildebrund and Ta-Chunzy Liu god

)£ CL T8 ul cunivepi,

,.:

!J

Bly adupt
Hildebrand anc Te-Chung Liu, however, operate by trying to
derive a mecasure for differences in the level of techinology
from the ratlo in whicli workers and employces arc used in

the productiorn process: "The tesk, then, is to devise some
simple proxy or dummy variables that would reflect changing
technology to a significant extent. We think it reasonable

to assume tlat no important change in the level of technology
employed in an establishment is possible without it being
reflected in tne following: "... (iii) a change in the ratio
of technical and professional personnel to production (manual)
workers, ... reflecting ‘'tecchnology intanSity’" (19, p.40 sq)

Thus we should like to state that computations of the measure
of qualification should be made fir two groups: workers on
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abic, even or i Internat Lone) aevedy At would woch Genlp-
able to weight licve vilue With o roasure of education in
the country urucr consileration (sce ecuation (16) ). Tiis
figure would then also be an indicator for the verying bhasic
or minimum qualification of tlhe unite of social iniormation
processirg in each country.For duveloping countric, we used
literacy as this measure. That thc ability to read and write
is of decisive importunce in thi's arca can readily be under-
8tood from the fact, that each perecon possessing this quali-
fication can communicate with any other person similany quali-
fied (leaving considerations like language barriers, etc.
aside). A person thus qualified is no longer dependent on
pertonal contacts for conveying information - he becomes

4 more highly qualified information channel. The added con-
sideration of this would result in making our indices compar-
able between different industries as well as diffeient
countries. '

Inr ddh’trut with the abbvo. international comparability of
tth"'q&jylif’:[éction"Mnure pertaining to skills is relatively
reliable, without any additional information being required.

Thue, in summing Ups We should like tc catalog the data

that would be actually required to quantify our function:
up* ;#’Q&;.}w1h ?°§?§;?f}§‘3?91?3 : :éﬁi,:
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1805 o 1914, Shuw., dmpresuively, dhal these two mag.:tudes
are oxtremeay c.ovely roiated. oo samliar study, Jim
Taylor (50) demonsirates, ".. . that tae ancunt of active
capital stock (viz. plent and nach.anery excladirg buildings)
in five main irdustry groups wichin the manufecturing sector
can be sccurately esiimated for the United X ngdom from
statistics of industrial electricity conswrption”. This
Taylor explains as follows: "Industrial eioctricity con-
surption is complementiary to the use of capital cquipment

vecause it is an imporiant fuel input. Practically all
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From such empirical data, ac well as from our own investi-
gations, it can be concluded that energy consumption, especial-
ly that of electric power, is an excellent indicator for the
amount of capital in usec - also when it comes to sector

comparisons.

If we use our experiences in international comparison as the
point of departure for & hypothesis on the suspected relation-
ship between economic performance and energy processing
capacity, thcn we may expect,that - also on the sector level -
relationships obtain which can be represented mathematically
as a linear relationship beiween the logarithms of the
variables (e. g. value added and capital or energy consumption

respectively).
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100X time ceries. Tt would e iGesl for thic ty o o
computation 1o hLave ¢t one's dinposal thoe fipuie. 100 s
irvestment Turf @ JIiven yeor. Since, hfwever, fha. Kinw o.
date might be e.tremcly hard 1o obtain, one shal. have Lo
content cnecvll with the fagures for gros. invecawn:s. Wioe -
ever and wiuacver edditional capital stock time sericn erc

available they naturaily should be used in the invesiigatic.

Basically there are tarce diffcerent ways 1o cstliate cime
series of capite¢l in nioney value using the deveiopment of
erargy consumption over time, which also nmay de combined:

If we know the money value of the capital stock at a certain
point in time and the development of energy consumpiion, wc get
to an :astimation of a capital stock time series by the
following procedura:

mi
¢4 * kmy kK & — ce, = k.mg (11)
o §

¢; = Capital in terms of money value at period i
my s Index ¢f energy consumption at peried i

Another poesibility to deal with this problem is to use data
for the developmant of energy consumption and net investment
daza. -In factinet fnvastment is an indicator for the actual
change in @tﬁittl stock in terms of money value, which may
be nhteﬂ to tho wmspm@iﬂ change of energy consumption.

i = oM
i,u . x Snm qx ..; X.» M

A - ';,k,‘,“t (12)
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Fig. 15: A method for sstimating capital stook time eeries

Movag B horizontally changes the lifetime of capital whiech
is reflected by a changing vertical distance from A and B
which is a measure for capital. In this way we get different
possible time series for capital. The one which happens to
be proportional to the time saris describing the development
of energy consumption, will be the best estimate of capital
stock in terms of money value.

In time series analysis, the ratio of electrical enesrgy
consumption to total use of energy would seem to be a use- ,
ful index for technological progress (see P- ). Accordingly,
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a b )
et} = ml . my (13)

Depending on wheiher we are dealing with a cross-section

or time scries, different values for a and b are to

be uxpected. This can best be explained by the fact that

in the time eeries capital-induccd technologi.al progress
beconcs an additional influence.

Summarizing we need the following data for a quantitative
description of the input factor capital in our function:

ny oo total energy consumption
By .. electricity consumption

I ‘e investment (gross investmen: ig or net
inveatment i)

8¢ .+ time series of capital stock

When it comes to measuring technological development we
should like to refer our reader to page 23 and to page 61,
where diffsrent approaches to deal with this problem are
described.

2.3 M}M

2.3.1 Gamml cmxﬂ-ﬂucm

The. mmt af t!n Meﬁm factors qualification of
labdor and capiul ca;: bo achieved through the direct use of
Gdﬁiﬂ&tﬁ 6&%&: Al °9§ﬂi§¢ to that,the direct measurement

of the iaflusnos af ummt m not seem to be m:ibh
fw m of Muh m ﬁa m. mmha:eu. try to taks




Zapital o ang Guali-

. e L C L e o 3 L I .

oo T Ve et a L ToG oL oy

Sedegenent- onduned ol clency s measured as the residual

i ! " . : - [ b Y, £ ’
lil @& CPUSS=LuCl.Gha. hndlj,’.“ on the country level: If the

[

(.’

above metihoc 18 used Lo de the iafluence of cdpital,
qualificatiun of labor,dn raw materilals on value added ,

on the bawis ol an e uation which is valid for all countries,
tilen the calvwliates output docs not correspond exactly to

the actual observations {or «ll countries. The difference
between the two 1. e. the residual of the regrescion, can

be explained by the influence of manrcgement on cfliciency

as well as by the relative influences of values, patterns

of behavior and organisationual form in the Greater Zones.

If the latter influence is 10F§Jiminated, two possibilities
oifer tnemsclves: The residual can be related to the efficien~
cy parameter of the Creater Zones, i. e. the residual is
divided by the efficiency parameter for the zone in question
(see equat.( 1) ). - The other method involves setting up
dummy variables for each Greater Zone describing the status

of the individual country as meaber of one of the Greater
Zones. Theoreticeally speaking, both methods should provide
identical results, as long as the Zone Efficiency Parameter

is the mean of the efficiency parameters of all aggregated
units. This would mean, that - as stated above - "structure”
(values, attitudes, organisation) constitutes the average

of the atmospnere ("climate") prevailing in all the firms
within the aggregate (see chapter 11/2.3.2).
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Measuring technological progress in & sector study nodel-
led after the Gencral Prodection ifunct.on nakes use oi the
residuel in a time serics analysis: This residual céntains
both the influence of invention and innovet.on. (We refer
to the residual resultiag when one uses a sector production
function obtained by cross-section analysis to explain the
development of an industry over time.) In ordar to split
this residual into its two components we may proceed - in
analogy to the General Production Function - as follows:

The worldwide average of the time serjes residual is closely
related to the expansion of Fnowledge for that secior of
production, while departures from this average residual
value in the various countries must be asecribed to their
respective p'ropensity for innovation. These changas fi+
corresponding changes of the efficiency parameter, which
canrot be attributed to technological progress, or, more
specifically, to expansion of knowledge. Rather, these
changes must be attritluted to managenent and its ability
to incorporate innovations into the production process.
As a result of these changes, a time series of cross-sections
shows country-specific divergences trom the seotor~wide
avarage of the sffioisney paraseter discus-
sed under 11/2.3.2 also ohangs. |
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Cu’ S Uer il G0 Svdes ANT0OMLatiOn proces-

P TS SR Ve eh a0 NG ser4iCer Or raw Haterials,
SO SIS Chun wLbaaldL epplUANeilly Lo the factor:
2ol o n de Paa b C L L. relaetioncehip of the Ceneral
Proaeet o bon sens T ve chsuie wha. conbining the factors

LGN O0Ulie. wa dedes oo couniry 1o compele suceesufully on
vordd mersete, thon we may use the relation of fectos input
of those cowitrlics which arc suceessful in a specific sector
to ¢valuate the optimal rezaticn in that industry.

Such cata as trne growah rates of exports of the products of

a scelor to total exporis of that country, or changes in the
share of a country in the international market for an irduscry,
could serve as indicators for relative success or failure

in international competition.

Getting additional information on the optimal input factor
comwbination for differcnt sacters will be a valuable contribu-
tion to the better unterstanding of the degrse of sub-
stitutability or complementarity between these faf:tom.

3. MODIFYING THE FORM GF SECTORAL PRODUCTION FUNCTIONS

Taking irte eccount the considerations made in this last chﬁptﬂ'
concerning the measurcront of the eAplanatory variabies, we '
may proceed to reformulate the Sector Production Function and
write as a tentative modifiud approach:

iny ®1ln ko + np, + X461 * k3qQ3 + k3b & Kk ine (1%)




Yy 32 value added

P = efficiency parancrer (see PI/2.3.2 an TIIZ2.3. 77
11 F ekil) (see II/2.1.2 G 111/2.71)

Gz * wof.el anformat en procescin,, capacaty (see

11/2.1.3 and I11/7.1)

b = Tieasure [or the level of elucation of the dif-
terent councries (sce 111/2.2,

c £ ceapital (see II/2.2 and II1/2.72)

it is to be expected that this COncapt,tou,will have to be
broadened, especiaily through the introduction of additional
information concerning the vptimel relation of factor inputs
within sectors and <he behavior of the function if input
combinations deviats from this optimum. At this point, how-
ever, it ig not possible to éive a matiematical formulation
for these aspects, a@lthoush we expect the General Production
Function to be of use in the formul~cion of hypotheses.

4. CONCLUDING REMARKS ON METHOD

An investigation i{nto the most important determinants of o
sectar production funetion, t0o, should rely on the methade

of research that have bdeen successfully applied when estimating
the Ganeral Production Function on the country level. The
individual steps of “ur crots country study become apparent
4n Tig. 8. SN
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The first step will consist of measuring capital
(using energy and inveetment data) and qualification
of labor in two categories and of trying to estimats
the relation of these variables with ssotor oytput
based on international oross sections wishin industries:
In step £ the ssotor production funotions (SPF I) are ‘

sstimated using the results of step 1 and the hypothe~
ses derived from the General Produosion P masion. The
deviations of calouiated from obdeerved values dre uss
for considerations oconocerning effioiency. Then, in
step 3, the seotor production function arrived ast in
oross ssotion analyeis ts applied to time seriss of
the development of the sectors. By obeerving worlduid
ssotor development and the different developmente in»
side countries we may differentials betwesn sechnoley
progress and innovation. Additional informasion oome
Jrom analysing ocmpatitive advantages. Pinally in o
the information thus far arrived .f has to de gat
1(',;?; revised version of seotor productien funations
IrI).
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It is importent, however, to cnphasisce 1he step=by-uiep nature
of our method. Its besic principle Is the interaction beiweer
hypothescs arcived at in theory and tihe enpirical testing of
thesa hypotheses wgeinst reality, which in turn ghould lcad

10 « moditication, sophistication or corrcction of the hypo-
thesis, which then egairn, in its revised form, must be put

tc the test of reality, etc.

This kind of procedure can become successiul only if an
extremely wide scope of data is available. In principle,

one should attempt to check and test cvery assumed or found
rolationship empirically in a varicty of ways. Thus, the

geal has to be an over-defined s'ystem of information. This
requires not only the mustering of sufficient empirical data,
but also - and this is important ~ taking into consideration
all previous studies which investigate more specific arcas,
as well as the results from consulting experts in various
fields of specialisation.

Thus, all the thoughts hitherto formulated and the hypotheses
posed and assumptions made for the investigations of individual
industries within the framework of our study should be con-
sidcered only a first cursory question put to the amount of
empirical data that must be made available. W: are dealing‘
here wi.h the formulation of primary hypotheses, with the
definition of the point of departure for intensive research

- into the conditions under which sectors produce. We think,
howaver, that we have been able to establis) a reasonably con-
#selddared point of departure for such an investigation, since
the assumed and suspected relationships are all derived from
observing and analysing the differences in the economic per-
formance and their undorlying causes.

hmthclus. it should be pointed out that we are not at-
tempting to put - in this first step - & complete and complex
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rocel to the tesi, but traet we are here pricarily coicaraed
woth cotubliching ond Telv a2 the various reloevanht inter-
wepenuenc.aes and relet.onsoips. Only wlter the roelationships
of the Inaividua: factors with cconosnic output have been
cleacly Cemonctiuied, cun the cecond step - computation of

a complex mocel - Le Tokern.

1t is consistent with our criterion of over-definition that
such an investiguetion is to be based b o t h on cross-secction
comparisons as well as timce serics studies. Cross-ceciion ana-
lysis compares different countries in one and the same branch
of production, while the time series studics are to compare

the situation of a specific branch of production over time.

Summing up, the method of investigation suggested r .quires
collecting and compiling an absolute maximum of pertinent
data on one hand, and a step-by-step process in developing
the model on the other. The underlying assumption is that
the model eventually arrived at will show marked similarity
to the General Production Function we have found in our
studies on the country level. In this sense the concept of
General Production Function may serve as a framework to join
the different approaches mentioned. | '




-69-

BILLTOGRAPY

D ek ST SO

(1) ARKOZ, K. J., H. B. CHENEIY, B. §. MILHIS & R. K. SOLOY:
Copital-Labor tubotitution and Ecoromic Efjicicney,

The Reviaw of rconomics ¢nd Staiistics, Vol. XLIII,
Nr. 8 (1081), pp. 125 - 250

(2) ATTINGER, F. 0., & H. MILLUINDORPEP: Performance Control of
Broloyical anrd Societal Sysiems. Parsp. Biol. MNed.,
Vol. 12 (1968&), pp. 103 - 123

(3) ATTINGER, E. 0. (ed.): Global Sjstems Dynamics, Bacel ~ Now
York 1670

(4) BAIN, J. S.: Irternational Differunces in Industrial Structu-
re, llcw Haven - London 196¢

(6) CHENERY, H. B., & L. TAYLOR: Davelopmant Pattarns: Among
Countries and Over Time, The Review of Economios and
Statistics, Vol. L, Nr. ¢ (1968), pp. 391 - 418

(8) DANIELS, M. R.: Diffsrences in Efficiency Among Industries
in Dsveloping Countries, American Bconomioc Review,
Vol. &6, pp. 169 ~ 171

(?) DENISON, E. F.: The Sources of Bconomic Growth i the United
States and the Alternative Befure Us, New fork 1983

(8) DENISON,E. P.: Why Crowth Rates Diffsr, Washington D. C., 1887

(8) DRUTSCH, X. N.: The Nerves of Covermmeni, London 1963

enggestsd Agproaeh, TAe Review of Economics and Statie-
$tos, Vol. XLVIIXI (1888), pp. 438 - 431

(20) bu Borr, R. B.: Klectripioation and Capital Productivisy: A

(11) BCE: Eeomomic Survey om Europe 1971, Geneva 1573

(18) PBLS, 0.: The Chotee of Induatry Wis in the Division of
Labour baspeen Developed ard Developing Countriee: Velt-
wirsechaftitohes Archiv, Bd. 108, Hefs 1 (189%),

PP 11,,-_1‘!1

(13) reLs, 0., X W, ﬂ“ﬂ 4 ¥ POLTER: hrmbﬂi swischen
. Predukstongatruksnr und Bntviokiungonivens, Ve
’ 55%?7"*C1&3‘*§Q‘; ‘ “ia& L EART A




{20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

-~
L.V
[~}
.

(29)

(30)

1‘1'\)‘} [ZSZRVIVE N "r.‘l' MO OTET W

s Ldloms S Feorodeg!
Cia, a3 darnrgeng, Hoefo S

The Teurno fer of Technology, Parte 1071

HILONPRARD, G K., & Ta-Creng LiJ: Marufuctusing Production
Farnctioon: v the Uni:od Stotes, 1080687, The Hew York Stuta
School of Irnductricl and Labor Ralationas, Ithaca,

llew Yord: 1866

KILIOARS?, H.: Production furciion in manufacturing industry,
Stat. Swudias oo 18, The Natherlonds Certral Bureau
of Statistics, 10c¢2

HIRSCH, S.: Location of Irdustry and International Compati-
tivanass, Oxzford 1567

JURBERG, L.: Growth and Fluctuation. of Swedish Industry 1889 -
1912, Stockholm - Cotcbory - Uppsala

Kommigsion der Europaéischaen Gemecinschaftan: Vergleichande
Analyee der sostaldkonomischen Struktur der Bargbau- und
Huttenindustricgcbiets der Gemeinschaft, Luzembourg W68

KOSTA, H., H. KRAMER & J. SLAMA:@ Der technologische Fort-
sohritt in Osterrcich und in der Teschechoslowakef,
Wien 1871

KRELLE, W.: Investitiorn wund Wachctum, Jahrbiicher flir National-
Skonomie und Statietik, Bd. 176 (1864), p. 21

KRENGEL, R.: Anlagevermdgen, Produktion und Beschéftigung der
Industrie im Gebiet der BRD von 1924 bis 1956, DIW-Son-
derhefte Nr. 42, Berlin 18958

KUZNETS, 5.: Quantitative Aspeots of the Eoconomio Grouwth of
Wations: II Industrial Distribution of National Product
and Labor Foras, Economic Development and Cultural
Change, 1957 o

LARY, E. B.: Imports of Manufactures from Less Developed
Countrias, London ~ New York 1988

LITTLE, I., T. SCITOVSKY &. M. SCOPT: Industry and Trade in
Some Developing Countries, A Comparative Study, london,
Nev York and Toronto, 1970 .

MANSFIELD, E.: The Economics of Technologfcal Change, Long~-
mans 1988




: . e g oL me Lt -~ N ) ) 4o
(&1) P T u/»/‘h’u, .. itk fu". [ ARE A IV EEENVE SRV .’J‘, Fri o ton 120
;. N T - . o ip it L LI Lo E . o . .
{s2) k. AU, e e gl Ll L petsiei o T e eanedn
5 _ ¥ . I3 B y o s > Lo Y I
Corwnlar odee Bl 200 Ll Jabl, Deouwtecava Ieotitut
, PRI e o . . . o
fnf" v PC;;(.‘!’.L}' f,.,ij;'u;;I.’..f,/.‘ N .,,s}l,(;u)‘l,t,f T 'S T tc (}9J¢/,
- .
barlin

(36) MILLEADIRZER, 4. Systovtreorciicele avnokic der mitoalfri-
! 2> 1 R i »
strgan Progros, 4 rtecartfe fur lationaldkenorie,
ad. 29 (1969, pp. ri - 38:

(34) KILLZIDORFEP, 1.: Irput-Giatput Polations belween Soural Sye-
tame, in: Global rysicoms Dyaamice, 2. 0. Attinger (ed.),
Baecal - New Yor' 137C

(35) UILLENDONFER, H.: Inncre wund duberc Grenien dec Waeh:tums,
Wori und Wanrheit, sd. § (1973), forilhcoming

(36) MILLENDORFER, ., 4 E. 0. ATTINGLK: Global Systems Dynumics,
Medical Care, Vol. VI (1964), pp. 467 ~ 489

(37) MILLENDORFER, H., & C. CASPARI: Entutcklung als gescllschaft-
licher LernproxeB, Wian 1970

(38) MILLENDORFER, L., & C. GASPARI: Immaterielle wund materiella
Faktoren dir Entwicklung, lettschrift fur Nationaldkono-
mie, Bd. 3’ (1871), pp. 81 - 120

(38) NIOCHE, J. P., & M. DIDIER: Deux Etudes sur la Dimension das
Entreprices Industrielics, Les collections de LINSEE,
Parte 1569

(40) OECD: Productivity Measurement (Vol. III), Productivity Measurs—
ment Advisory Servioce, Paris 1§66

(€1) PIRTSCH, M.: Vox Wert wund Wirds menschlicher Arbett, Wien 1952

(€8) PHILIPS, L.: Bffeats of Industrial Conoentration: A orcis-
o ssction Analysia for the Common Nerket, Amaterdam -
London 1971

(¥3) PRYOR, P. L.: Ths 8i3e of Production Eetablishmente in Manu-
fasturing, The Zoonomio Journal, vol. 82 (1971),
pp. 647 - s8¢

(64) RICKTA, R.: 3%vilisction am Soheideweg, Prag 1068 (mimeographed)

(48) ROBKAKP, X. W. & C. C. MoNEEKIN: Factor Proportions, Numan
' Capital and Poreign Trade: The Case of West Germany Ra-
eonsidered, The Quarterily Journsl of Eeonomiue, Vol,
> LXxxIIr (1968), pp. 152 ®qq




(1)

- 7y -

SClURS, Kool Tra Deloroanants of Industirial Plant Stscs
i Stz Naticns, Tae Novicw o Ecoromics und Statistics,

vol. LY, dr. 2 (1373;, pp. 135 - 14§

SIROTA, D., & M. GPEZi00D: Undoratardiry your Ovarseas Work

VPO P

Foree, Larvard Bustrces Review, dan =~ Feb 1271

SPENCTAR, Do L., & 4. JORONIA: (edr ): The Transfer of Tech-

S8/ CTR, , &

nology to Vecvelopin, Couwntrice, ilew York 1267

STIGLER, G. J.: Cap-.tal ard Rates of Return in Manufacturing
Industrias, Princator 1063

TAYLO2, J.: A Surrcgate for Regional kstimates of Capital
Stock, Buliziin of the Oxford University Institute of
Economics and Statistics, Vol. 29, Nr. 3 (1967), pp.
289 - 39¢

WEBER, H.: Soziologiae - Weltgeschichtliche Analysen - Politik,
Stuttgart 1856









