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1. CONCEPTS or i >\ . L . o. 

This Study tries Co dpply d new typ.: of ¡iruoucuo,, fue.-: v .on, 

which n.i.-. piT.ve-) UüCJUI on a i:i¿ric-l. vcl ..n<¡ h<„'-, led ;o 

highly sicnilioanî rc-su]-.-, , to .; icw:' Jrvel oí a;,,-re.;',.n loi. , 

that ic to s.-.y, to ^«.ui.yinc the de termii'u.a ts of ;.color 

output. 

The concept of production function has no  tar  been applied 

mainly on the highest level of uggrogation, in order to 

define a country's economic output as   •-• function of its main 

determinants. However several stuc^es have recently attempted 

to use this instrument for describing the relationship between 

the output of sector.1; of industry and the inputs of their 

most important production factors. 

It is interesting to begin with a short outline of the studies 

made so far. jbviously, 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 underlying the research work done in this field by 

means of describing certain selected examples. This will also 

help to clarify in greater detail* in which respect our proce- 

dure Corresponds to what hap been suggested in earlier papers 

end where It differ« fro« the». 

Two fundeaenteily differ*«* approaches muy be used in sector 

studies. One of then it demand oriented, describing the 

•' • • ."»g"*-«. •• 
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' ..er   üb t _ .. i -       ; i ì 

^pendei, *    -.•::.. i. M o , i 

•h   t !,'•   ic. i"    : i .. •   i. : l 

f   LJ.e   rv~. -., t :.   o; '•.i 

ridurr, tand ir.', oí   x. 

'••".      ;'.(.•   o' 'in-r 

i J . ' ! i    i •,    1 OC.. : 

>í t , O '.S .     '. ;ic 

*    '     •'••••-   i   y ^.c.ií;: 

' "^    '•••.• e   l);àt   "!  :s   variai, : ,.•   ^pfeur:; 

fí, ... iii'i.   liowfvci-,   iruerpi'o-, ution 

.-:, r in.itioa  will    !...(!   y;;   to   u   different 

rcla :. .or.ijíi ii) which   ne ¡o :,iuy   >>a   under- 
load   ai;   folluwr;:   7he   f^nr.-.iwn   u,n.u  det.cribo   the   relation 

• ..--tv.'fc-ii  .r,^;:--   ..!,:   ihc   -uit^v.t.   Therefore,   tíu:  relutionnhip 

•u.'ows  tli.;   t'.'.iii.itir.n  oí   t:,e   output   resulting  fro:n  a   certain 

..-.put   coi.btciu.iion.   IK-WOV..T,   tnii;  Kiiowlec^r :r,ay   noe   be  used 

:or   lorccast: ,   since.in   the   long run,   the   overall   sectoral 

output  will  undûamed^y  be;  determined  by  the dewar.d.   Still, 

ouch  a  production  function  can  be of  some   interest   for fore- 

cast  purposes,  a:,   it .mcwei'ü   the  following  question:   Given 

a certain expected  du^nd,   to which  extent  must wc  expand 

the  production  factors   in  order to reach  an optici  result? 

To a  specific   incust.-y  of   a  certain country  or to  an   individual 

enterprise,   the  knowledge  of   such an optimal production struct- 

ure  g.v^s  a  competitivo  advantage in  that   it  leads   to  an 
increase  in   the  marke t.-shave. 

If several  sector production functions are  calculated,  another 

question can be answered,  which  is without doubt of particular 

importance for developing countries:  In which areas can « 

given factor  potential be  used  to achieve  the utmost advantage? 

The answer to this  question follows from the fact that the 

production conditions are known for each  industry.   In decid- 

ing        where our efforts  should be directed to, it is that,. 

umtfÊmiÊÊÊaÊÊâÊÈÊÊÊ^mi^ÈÈÊÉiÊiMiÊMeàà 
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w.i i i. !    t r.i?   ;   , ..• t -,r    :,. :,r, i,..   i,., ,- 

l U    \¡,e     ibOVí     (:,;;, 7  ion    J    '  UiVi 

further rir,.,l¡i..piiv.n, n-.-.-.-ly i.1(1t ,-.n i,.; 

iactcr^ jy¡:;it> ce . t¡ co...)f: i úv,j ,;;Vül,:„ 

enu ,,-h   to   ju,>! iiy   r he   ¿>. o 'act , ve   c í for 

:>•-.. JL r A  prominent  example  oí   a  dc-nar.vi  orioni»*]   cuu:y   j.,   r„ 

by   Chtncry  <,r¡j  Tayior   (   S ) ,   wh>h   aTtei/;.-'--'-   te   ck :.c.-.. U"    s^.. 

oral   development    ocseniidl,y   ar;   c   k.n;.tLon   of   the   rv«_i\-ii 

economic  development.   It   u,es   a   broad  data   ¡.¡se which   co:;;;i 

of   both  crots-sectional dota  and   tiir.e   ne: ics.   Th>>   L iudy 

succeeds   in conveying   a  relatively  consistent   idea   oí   the 

relationship  between  per capita   income  „nd   output   i;,  cjCicr- 
ent   indut,   riee. 

Our  approach differs  fundamentally  from this   study   /.:   GO  fai- 

es   it  does  not  use any demand  components   in describing  the 

relationships, but    hy  trying  to  desoribe  the  producvion 

structure, Considers all relevant production factors  instead, 

However,  the two approaches retemblé each other in method- 

ology,  as both try to use all the available  information by 

relying on international cross-sectional data and on  time 

series dating back as far as possible.   But the-.e problems 

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

2 .  mm DIFFERENT INPUT FACTORS IN STUDIES OF SECT0Ä 

Whon trying to obtain m idea of th« various studies in the 
fitld of «»tilting s «e tor production function«, on* will 
*•« that tfcty «r# »iaija* i» many respects.  In particular, 

i "i àmf^^ìii**£ùÈ*> ^ 
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1 • • - -^--••'••::    : --e r;.>: ;,   ,,;    ..t;C\o."   ee ; .u; 
r    '"••'   "!> r   tr.^.;   the   (\ : ..-•¡.,o.;,-.l,i;.   e. 

•'•   •"' v-(-j    i .i - ! :';.;:IO>ïI t   in   ecüi.j.^i.j   -    . 

•ii:6   situation   ir   j libroni   w ; ;. t,   :v'^c;:   to   tlu;   iw  oilu-r 

i ¿cior...   ::.Lhcr   cli-jy   are   not   uscJ   e. l   u*l,   or  only   one  et 

...C.^    1'.    •_ OL^lc;,.-;-^.     I;¡    tlU:,    Context     tWO   Of    tilC    Studi*:. 

•«hi eh try to introduce expj i citly the r¿u.,lif icat i or. of   ti, 

labor force bhouid he mentioned. In one of hiü ttudic-i. 

• •'-.i Í.C •"» 
rc-ls (i?> makcu un attempi to supplement available e 

of the physical capital stock by esticitinn utockt ù. .,j;r.an 

capital. It becomes apparent that both factors combined ¿rv: 

better .suited vo explain output differences than *itr.?^ 

physical editai  stock data. The report by Tel:,  ufes quite 

an interesting method for estimatine human capital. V« ..Ave 

used a very similar approach which will be described in no.-e 

dotali in the chapter dealing with methodology. 

In the hook "hanufaouring Production Functions in the United 

States 1957" (19) too, a qualification »«asure is explicitly 

introduced. The authors use however an entirely diffcrc.t 

method, for they make a distinction between two types of 

worker:;, i. c. "production workers" on the one hand a;.c "non- 

production workers" on the other hand. Although we utc «-. 

different approach in measuring qualification, our çonecot 

sh-ws an analogy to the study, for we also distinguish"be- 

tween different types of activities, which also manifest 

themselves in separate factors: On the one hand, account 

is taken of the differences in skills of the workers «fi 

used in the information proofing of the firms. 
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í iir.r ;ìO;I     o 1    ,   . , 

".í.nt ;i o.i.-u   ,j,.r ., i e e 

one   of   th.;   :.:• „. i    ; • (11.,: 

uniJoubictM'./   th..   ,.,;.;, 

which   ¿;,   ¿Me   t..   r.,i).. 
produc :; i o;,   i ..." o-; .   ', 

I y  dcterrnin-cl   ir,    ;o.„«, 

the  CLS-Functio.:   (l,u) 

concept,   which will   b>  dc^rihyd   i;,   the   ío¡¡owIn¿1 i, 

features   in   common  with   some   very   importunr   otudicc. 
field  of  sector.-1   production. 

. i:.        ,   ..:•/ 

i   ¡    L     t: '.i   li.,, 

.    cf: ,cu; 

.h«-roí or. 

to 

-, r. 
¡nay   \ 

;JP    J r. 1 /-, 

lud.. U    w 

ti id: Oí.," 

- lì   t r. 

But   mis   study  also  differ,,   from  previous  research   by   hm-o- 

ducinfi not  only  WISE  of  the   factory  capita],   labor,,   qualifi- 

cation and  efficiency,   but  al]   of   the:.-..   The   introduci lor.  of 

all  of  these  componente   is  of  decisive   importance.   This   is 

demonstrated  by the result of  our  studies mace .so ftr,   in 

which we have  succeeded  in  «xplaininß  the differences  in 

economic output of  countries,   by  th« different  amount   oi 

their input  of the  factors mentioned above.  We  have   thus 

arrived at the »athaisatical  formulation of a "General  Produc 

ion Function".   This relation,  which has  been derived  fror. 

international comparisons,  i« our chief working hypothesis 

for studying the determinants of sectoral output anc  will 
be described in the following chapters. 

'*'", 

-' I 

¿;.„    ...-     Üla'.Aft. 'fa&i^ 'i--1. •rìnF" 
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"'  t-"   ' •-    '''I <.•: . .'  Pi O... ¡til 
: ' '-•• c. • í ,:,.,;:.,,, Q, the t  M i '. 1 

.•T.c:^l. ;:.,rl ; or. , wt- tr.^nk 1.1 will Mo useful Lo 

so; ¡e rcj.--.ri , or, the i;r.»orly ¡ i.¿ concept. At fire;:, 
11 ->0l¡i- -^ r;wt.. : i:,,:i   Mji'.fly can b<« L.out.ht of as a 

ccv.o,, ;nui : ::,;^rdit:.;oai üyt.tcia. Tni:: ^y.,tc;n is ch.-*racttT- 

l.-.co by the j.:.:c-i>..ctLoii of a ¿real nurnhrr of sub:jysiu;:.5, and 

it is thii. iiiLCiViCLioi. which rir.blfí, the ovirall system to 

Junci"on. Lconomy ;c one of thc-r.c subsystems. Therefore, if 

we want to ui.derstt,;». how this  subsystem works, we must 

go beyond the economic sphere proper and consider also the 

ìr/.ui rciatiOii;. with jthc-r subsystems. 

Society has another characteristic feature in common with 

other systems, namely its ability of processing energy and 

information. The economic output of a social system is there- 

fore governed by its capacity to cope with these two fundament- 

al processe*. Argumenting in such a way we are applying e 

concept which clearly shows the influence ox K. W. Deutsch 

( 9 ), who understands society as a self-developing cybernetic 

systea: Superimposed on a control system, in which the material 

processes take place, there is a system of information recept- 

ors, information channels, information «storing units «n4 

logical units. This network receives information on th« actual 

situation, on environmental changes,and on the internal struct- 

ure of the system. It then processes this information.using 

additional information stored in the past. This process give« 
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Pi 

•"'     •••:...'/   ¡^'"-     .....,.'   í   ••¡••i\:y   o;    i;   -y:,  •;,   ii   ..•,   : 

C-;K.!. : i i ty   oí    ,,,.. :, I. ..• r i  , •    inínr \.c.,      ii    ¡r.v.    , .  ;    ici *:•., ;.   ; o 

cK' IL •.: .<", i!ik    a   ;.y;.i ..:..':•   (.'.;;.,;.jc   oi;;.,i,,   /•,   tniru   f-c-.r-rv.i .¡ :.    ir, 

;ic?cc.i..   ':o   ¿;. '.'T.I.:    .. coqt.M t •] y   ; tu.   convex   p/i/cc-.. rjor:    ju;,i. 

t.'tcnt IOJ ."•..'.   On   t.io  oiio   hui.d,   thJj   third   -actor   rcrle^t:,  tfic 

objective   low,.;t¡   ><;.-'er,    t;:c  eííorL.,   o:    t/.i.,   -y:, lui.;  „:v 

airee ivd.   On   the  oti,kT   hen'!,   however,   ;.:>;  v.\.y   the   ^y:,^.. 

>, is  ürgcir.x¿cd,   i.   c.   the   regulation   aix]   eoo/c! i ;.¿¡ ï j on  oí 

energy   and,    in  particul ui ,   the   infor-i.-.ufion   p:'üc.->;:ci;i£  o:vra.- 

¿ons,   a!t,o  ought   u.  pli-y   ó  certi-in  ro¡.o.   î'iu i>c   tv;o  ronpont n;.-. 
are  the chief  clct " minanti,  of   the   third   factor,   i.   e. 
stru'.ture.   This  factor, thus describe?   tr.e  objectives oí   the 
system and  the organisation of  its  energy  and  data  proces- 
sing subi-ystetne,   that  corresponds  to  these goals. 

This model,   of which only a  short  outline has  been ¿iven hero, 
has  served  as  a basis  for the   investigation of   the  societal 
subsystem economy.   The  chapters which follow will   show how 
£ country's  economic performance can be desct ibeti  as a 
function of  its energy and data processing capacity and of 
its structure. 

2.  THE FACTORS 3KFLUENCING ECONOMIC DEVELOPMENT 

Applying"tbtt< ¿tiiMpt «ìescribed «bove to the stuáy of economic 
development ttt.*i>t led to for»ttl*te,the foUoi;ir«g hypothesis: 

WÊÊÊÊ 



;.    .-     .i}  • ,  .    . .. 

r.^o-rii : ,   .   ( :  ) 

!> c lM.¡C •   ii ."c      (  ,    ) 

ar.d  i.ii;,.".T.< .    r < 

(    ) 

Oui CCI.     ( I') 

( '  v.  :.   •- , i  _'    >>ii ,. , -U 

iji. : .1   ;>; o. C.,.: 

v.. lui :. ,    Ly, <•   ,">f   0;y, .1 l 

io;.,    .yp ::.   oï   huh., v ! u- 

The  use  of  sorjt  of   the ûbovo  r.;entioncd  production  factor 

is  ino."*;  or   less»   conooii practice. 

2.1     Canital 

The factor capital - which, as will be shown below, showi. 

a close correlation with energy consumption - constitutes 

a common component of almost any economic production functic 

The relationship between capital input and economic perform- 

ance has been dealt wit!; in a great number of previous 

studies, and we find ali-  tterapts to measure this relation 

on the basi« of internat   ti comparisons. A study by 

Galenson and Pyatt ( 1£>) is such an attempt to tôst the 

assumptions underlying the theory of growth by »cans of 

an international comparison. Thereby it has become apparent 

that too Bimplc assumptions are not <euited to explain the 

international  differences  in economìa growth. 

1 

». 

a 
« 

o 
í* 
;» 

•1*' 

s 
%» 
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*   • 

I ly  |H|    |H ,n|    fi  1    jl   , .1 

ijiTCAtacnl; reti©« 
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Pig.  1: Investment» »ni gvovthratee in ih* oountrie$ of the 
world 



übv.uuríy   *!\ .¡'.   ;">;>.:>.'   ...n,   !••_:..   j r. " o  ti. . í ! IM: r. ¡...,.   Yh«1   r... :. ..oro 

c-i-o   co;,írürit\:ú   •.:.";,   probi -•:....   wüich   ;.:•<".•   v.;i y   üüÍIJí'   to 

i:.o •;o   cncoui.tií.". A.   jr.   r,d:.y   O:;.C.T   L.tu>.: í..TJ ,   rc.:y:i;.r   o;,   ii,,. i — 

rw. lion.i]   cu;,ip.í'i-Oii   us  u.  r„;>,.,;:,   Oí   tostinr,   í.;.i-jr  hypotr,^.,^:;. 

For  the  frost   part  the-be  stud jes   :,.\ve  no:   tuccecücíG   in  tok.-i¡,¿ 

account   oí   the  cre.-st   number   of   gco¡,i,.pí,ic1.l,   cultural,   cij.nútic 

and   pol it ¡.ed  di:;erbacee   ¿.mon g   the   inaividurl  countries   of 

their  ii.ir.plc.   In other words,   tne  observed differences   in 

income   (dependent   variable)   result   from heterogeneous   in- 

fluences which   cannot  be  adequately  explained  by  differences 

in capital inputs.   They mutt  be  explicitly controlled ¿mc 

entered separately  into the  study.  Not taking care  of these 

influences corresponds to a  non-fulfilment of the  ceteris- 

paribuc-condition. 

2.2    Structure 

This gives ris« 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 >»ut 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* 
meat in the different countries of the world since the b«<- 
ginniag «f this century. Th« ti»« series from all countrle* 
of the world fer which figures are available have shown» 
that the development ©f health it fairly uniform within 
group« of countries, these groups being at the «am« time 
sensible geographical *agr*&at«s. The differences b«twe«n 
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ft'í-   2:   Health  developmont   in  South America. 

?h¿re  are   three   distinjt sortee,   the   La  P'ata States 
the  Central  American States and the  rest  of South    ' 
America   fAndean   States). 

Without going  into details of tie problems  encountered her«, 

we may  interpret this  observation as follows:   Health statistics 
provide  one very fundamental  indicator of  the  development 
of a society.   Here we are  measuring the  "pulsation" rate of 
the societal system as  it  were.  It is governed by many factors 
which cannot adequately  be measured directly.   We may consider 
the adoption of medical  innovations as one part of a nore 
general  social process,  which  is the adoption  of  innovations 
in general and which we  call  "learning process"  -  this 
hypothesis will be supported below by international comparison, 
of the relationship between education and economic performance. 
Thus, the regions differ as to their readiness and capabili- 
ty of adopting innovations.  This general statement is based 
or. the obaarvations mad*; in one aufcsyatara of the society, 
namely th« fcMlth system.   For it is the greater or smallar 
readinea. to atíopt medical  innovations that  is raspo«*«*;« 
for a more rapid or slower iasprovanaat of h**0i-h conditions. 
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Pig. 3:  Health development  of the African,  Asian and European 
population group»  in  South Africa 

The diagram refere   to  the situation of countries 
»nose population oamms from three different  eivil- 
teations. 

The    differences in health developraant 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  the  »etruotuee»,   i.   e.   the value system,   the pat- 
terne of behaviour and  the  types of organisation constitute 
en important faotor responsible for the differences observed 
with regard to the development of health. 

The European emintrie* cm also be classified into sones 
according to their diffaiwnt health dëVelopaent. 

¿ *', ¡ •» '.   -.   \ v .   ,  , •, .    i 
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ftf.   #:   Health  d&velopment  in  Europe 

There are   three zones,   Northwestern Europe,   Southern 
Europe  and Eastern  Europi.   Southern Europe and 
Eastern  Europe  ahou much   the same development. 

Applying the classification  in groups of countries as  present- 
ed   in Fig.   4 to  the data of Fig.   i   in oráer to separate the 
two groups of European countries we arrive at a meaningful 
relationship: 

p 
o 

o     H 

e; 

Invaatctönt ratlos 
(* oí 02??} 

H$.   8: Invêêtmtnte and groutk ratta in tuo groupe of 
fttìWféen oountrUê *      ' 

ïîî «*••*;«*<•»• i* thU diagram ore data tafeen from 

uithiH groups of ,imi lar oountri*». • T^* 

fM it?' - 
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ûtruuLuvîi   Uj'fcci-    íh^    C f/,".: t ¿Wï.,.. I;   ,¿¿L>.   whi.^-ì:   capital    t.; 

Uo¿d,   thuu   thi'   i-i.ci^y   ;,; oc;   -/• :;v,   .-<.•;.;:• ! . y.   in  audir^;,   .o 

this   íaclua]   ÍJ-..J !:.',,    i»,,    eviuv.v.cr   p/'ei^Tiiod  ¿:vc\';   ri:.«     ec 

the  ir.cthodologic '<;I   re::..trr.,    that   reí ^.abl^   rvsi.J i .;   in   lnu-i- 

national   comparisons   c<.n  unly  be  üjta.i:;tü   ir  duc  account, 

is   taken  of  the   eetcris-;<aribUí;-co;.dlt ion. 

2. 3     L^LlÇ«tion 

The majority of the studies made sc far have considered mar. 

as an element of an undifferentiated factor "Labor" a.ncl 

havr used just the number of people in the working force- 

as one of the input factors. Various abilities, differences 

in the level of education (which correspond to differences 

in information processing capacity) have GO far been neglect- 

ed or have not been examined in relation to the other factor: 

But if we take a look at Fig. 6 we find, that it is obvious- 

ly a country's level of education  which happens to be vary 

»ignifioantly correlated with its economic performance  and 
that, therefore, this factor has to be included in a product- 

ion function. 

• A relationship »ÌHÌÌMS* f© that presentee in Tig, S has been 
pôint«d mt by X***}«. ||6> %& smtlm ?fa# cl©*e fit between 
capital investment and economic areata as formulated by the- 
VS^JÎJEÊShJB^i Ssksm ffe^ifUy.dat* im JIUU«. 
tibial mmm^'inMi immm-'^^mß^^ without b«ing 
according 

cïasíiíioation of countries 
«i»ilAr fitructvire 

turn 
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Fig.   6:   Per capita  income  and  literacy   ratee   in groupe of 
countries  with similar structure 

The diagram  shows  the oloee  fit   to  the exponential 
relation  between the economic  output  and  level of 
education. 

Closer examination of  the relationship  between education 

and  income in a cross-section of  countries reveals  that 

the aggregation of countries according to the criterion 

of  similar health development is also a good  criterion for 

thie purpose.   The regression coefficient of the education 

is practically  the same in all the regions.*  The intercepts 

of  the regression lints however differ  from one zone to the 

other.   Significant differences however do occur only between 
five large zones of  the world. 

The evidence presented thus far <**n be summarized as follows: 

There is sufficient empiricax support for concluding thêt A 

country's eoonomio parfornano* i§ mainly determined by three 

faetore,  namely capital (energy),  education  (infermatimi and 
etruoture. 

JUgions are defined by the criterion of equal heal tí» 
development. • - .   -•« 
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ucú    »o  ;"dr,   !.",>_•   occurence  of   minara!   resources   Í3 an   additional 

relevant  factor. 
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bsLitoracy ia >» 
Ftp.   ?:  The epa ai al position of Venezuela,  Trinidad and 

Tobago  in the  oompariaon of par  capita  income and 
literacy in South America 
Venezuela'0  large deviation from   the regraaaion  line 
ie vary  atriking and oan be  explained,   evan quanti- 
tatively,  by  this country's   important oil production. 

Thö  important influence of mineral resources on the  level of 
economic output  ie supported by observations in other regions, 
in particular in the countries of the N«ar East and in 
Africa. 

2. S    So^ißiia^jhjjacsors 

If w« now 
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í"ig.   £:   Jompariüon   o/ observad per  capita  income  and  ite 
estimated ce   calculated  value  wl-en  aoaount  iê  being 
taken  of all   me  faatora 

All  faatora   combined yield  a  much     higher  explanato- 
ry  ¿ouer.   Discrepancies  between  observed and calcu- 
lated  values  are  insignifioant. 

The individual  factors are combined by means of the so-called 

General Production Function,  which, will be described mathe- 

matically  in the  paragraph which follows. 

MATHEMATICAL EXPRESSION OF THE  "GENERAL PRODUCTION  FUNCTIOK" 

1       3     .      . /    0.25 \-1     . t    -b    \'{\  " t 
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TCIH 
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per capita income, measured i¡. US-dollar« 
per inhabitant (annual) 

efficiency parameters 

employment ratio 

per capita capital input, measured by mam 
of energy indioatort 
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The   exponent  oí   ;u   and    t.,.'  coi.f i i ( i e;; :    cif   b  li-ivc   bcv.-.i   est ,'n. -.t ec'. 

in a  cTOïs-soiuio;i   oí   counir K.:.   by   i'C-ono.:...-lric   meni'..   Vr'í.i "1 «.• 

the   pjrv.ir.öti-);.   arc*   not   •'Xui.! iy   íA   et    '• ,   respec tiv< ly,   tì.oy 

do  noi depart   statist icriLly  s; i {• nifi </ •.;. t iy   from  the.;e  valuer 

used  for the  sake  of   simplicity. 

A  closer  look at   this   equation  reveals   an   interesting  relation 

between the General  Production Function  and   the well  known 

Cobb-Douglas  Function which  is  of  the  type moot   frequently 

used   in computing  and  estimating  nacre-economic  production 

functions.   It hau  been estimated  for  the  first   ti.T.e  for  the 

United States and describes the relationship between both 

capital and  labor   inputs  end  income.   The  Cobb-Douglas  Function 

oan bo regarded as a opeoial oaeo of the General Production 

Function :  if the two factors education and structure rer.,ain 
constant (social technology, organisation and management, 
values system etc.   remaining static).   In this  static case 
the General Production Function becomes formally identical 
with the Cobb-Doug las Function. 

If we convert the per capita relationships of equation (1^ 
to total values, while assuming no major departure from the 
optimal relationship (leaving out the expression for complement- 
arity) and disregarding natural resources, we get 

3T * » 
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Fi0. 9:  Number  of aollege graduate»   in  the  USA  for  the 
years   1870  - 1970 
It íB  clearly evident from  thie diagram  that  the 
education explosion in  the   USA began only after 19iO. 

«*. CONTRIBUTION OF INDIVIDUAL FACTORS TO THE PERFORIMANCE OF 
THE ECONOMY 

of,labor) 

When it cane  to  the task of measuring the information proces- 
sing capacity of the system - which is closily tied to thè 
qualification of labor - figures pertaining to the education- 
al structur« «pre used. These figurem "were derived froa fti* • 

r>>t';ìì 
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l'i« ion   o:    uijtii'   t.\o<.,   S¿/,   ion,-í:li   oí"   i-;..;>.lcyi;.< ,, L   -   wVc;, 

could   be   taken  a-,,   an   .'iu].ir/hür   i oí'   1 c.-.rni 1.,',-by-i.Qir.;;.    V..,'; 

in   ;o bcCíiu.-^   ti..^   Ií.CVCí"   i'j  noe   ovr.piy   t.: ;..o-0ví;>»ii'.clr n c. ,   ;<>.:' 

is;   h:i¿hiy modified   by   the  native   i.ntclli(>ncc,   educati or... I 

lev»! ,  ár.ú willin¿:nci,.';   to  learn  of   ti.«  peruor.  rubjeetec   ,o 
this   prociíSü.    Ir   one,   on   the  other  huno,   uses  edurcL.ior.ol 
statistics  as   indicates,   one  arrivo:,  at   a  measure   i>rob<..biy 
containing al 1   the  componer.tn  just mentioned.   Suc))  criuccllor 
al  otite; not only  state  moro  length of  trainili«,   but  also - 
as  a  result  of drop-out.;  arid retardation  -   Lhc components 
"adaptability"  and  "willingnces to learn". 

Summarizing tha  empirical  evidence concerning the  relation 
Detwcen education and the other factors of  the General   Prodi 
ion Function wc may  stette:  first we find an exponential 

relationship between the qualification of labor  (i.   c. 
eduoation) and economia performance;   then we observe  that 
there exists a certain amount of complementari¿-y between 
qualification and oapital; and finally we  see that a siuiil¿r 
relationship holds for the subfactors of education,  i.   c. 
primary,  eecondary and higher education am nub e ti tu tab I* 
only in a very narrow range. 

4.1.1   Exponential relationship of education and income 

As opposed to those concepts which understand the contribution 
of education to incorna AS the ret« of return to human 
capital <i. e. capital aocuRuleted in the-process of education), 

svanì 
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.1.2     T:n;c-.lu¿   ¡...L;^'.;,   ctiuCi 11 on   ¿-nei   it.-;   economìe  cfffi:r 

Ar.other   iir;>o:-t.:;.t  ,.:.;-tcL   tu  ho  douit   with  when  i.rru iriniii J i.ß 

llK.  relut i ungili,;  ;>etrfuc n   education   ano   economie  output   iS 
t':.c   ídct,   thut  a   tima   luj  of  t¿n   to   fifteen   yrava   oxiais 
between  an   "injeclior."   in  one  of  the   catccories of  education 
and  itb   eventual   efioct   on  the  economy.   It   is this   tice   lag 
which mikes   a  triul-and,-error  control   of   the  educational 
system  vie»   the  labor >narkct   ¿.o extremely  dii/icult  anc  v?hich 
rr.akes  this   type oí   empirical market  feed-back  so prone  to 

oscillations. 

U.1.3     Complementarity   of  factors 

The factors   education  and capital  do not  occur in ran/Ion 
combination,  but we observe: only a  limited degree of substi- 
tutability  between thet;e factors.   This   implies, that the in- 
formation  processing  capacity  is  tightly  connected to' the 
enórgy processing capacity.   An expansion  in one sector only 
produces a deviation from the optimum relationship.  Such a 
deviation  is characterized by a suboptiinai use of th« f*ctor 

which is  in ¡surplus. 

Empirically, we have arrived at th* following optimal 

relationship: 
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^.-.^CJ   ¿•rfc-.J.ritj   a ootíieneck   for   ih*   -joon^rutc  ^cformane* 

of  f.c   ¿yattir.    ir. i.aci.  a   cas-,   inerbi.-.,;   t-o  prepert .or.ato.y 

.ai'ger   ii»p-t   wili ..oc   yleiü   a   9i¿nlí ic¿r;t   ii.crcs«   in   :>rû- 

wuCt ¿ori •    -    •--» 

P¿?.   JO:  limited êubêtitutability of education and oapital. 
The our Mature of thé i toquant da$oribea   the  limit- 
ation of sub »ti tut ability of the  tuo faotorn.  Un- 
limited $ubatitutability wouia correspond approx- 
imately to tho dotted tangent of eurve ÌS00.  The 
interrupted lina raprêêêntê optimal relation. 

•*.!.<•    CqaplMMfi'Mrity'of subfactor« 

Th« concept of limited eoiapleaenterity can if «•»ninffully 
applied «l*o to th« variou« eat«f©rl«« of «dttcation.  It 
turned out th«t th« nu&erical relation between th« various 
educational categories differed from on« group of countries 
to th« other.  Far tiwricor«, thsrê Mí«*« an optimal relation' 

»hip, in **# «#•* of»hi*h the 0o**e*i* •ffeat 9f •4uaatim 
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;\( » ••    «.-Y i ' ; :.   < •    ~ •    in   íin»'  Ar.::.ií    .. ci¡n ¡ »\; >. .i   i :.   tfi.-fjCi.coi 

j-.r,'.. .ry   v:clv.- •• »: : or. ,   wh . i >;  wLvh   fin-   :..i». J H-A.T.*-TíO». r.  rct-on.^ 

i:.o   i.hort-í',0   i.    ir.   ¡>».. o¡¡.¡../y   cJucvlú....   V).-     !..».».«.:.••  »¿pplii-c; 

to   thö   colini: »cj   et   Soutnern   ».na  ;:_,.i<r¡:   ¿uro,)*: , ' too.   Grct 

Britain  òI.C   her   lor. »:   roio'iii. ..   r.how  :.w^>   d   i;o L ;. i'.-.'u-ck  when 

il   coi.ter,   to  i.i^icr   auction.    I i.vc;;t i r.f,   in     that     o ¡ c£ory 

oí   education  which   rv present s,   a   bottic-neck  yield.;  the   ):i'¿¡.- 

esf   return;.-   An   identical   invftutment   in  £   "surplus category" 

producer much   snvilicr gains. 

In  order to estimate   the Gérerai  Production  Function the 
energy  processing  capacity  is  measured on  the  basis of  áítxa 
for  the total energy consumption of a country as well as by 
using  the figures  for electric power consumption.  In using 
theee measures  it  became apparent, that for countries»,  for 
which capital  stock time scries exist, these time series 
have  a remarkably high degree of correlation with an indicate 
reflecting the changes in total energy consumption and in 
the us« of electric power.  This can be expressed in the 
following relationship: 

%.    „    _ v)#5      m 0,25 

k    *     capital per capita 
•j *     energy consumption p*r capita 
»2 s      consumption of electricity per capiva ; 

"      ' •    "    i 
TH« fact that en«rgy consumption turns out to be such # 
useful capital indicator has itt deep-lying causes. IntttK 
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du«., i. Ion  o i'  "¿r\ i: ici"   energy   í ,i; a  t. o ¡<. oduCLv;.  procer 

w,. '.   iho  fí..r,
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,rir,,wC   ir,.turo   01    the   ,"x:-:-.t.   í¡'¡u .MI'WU   KI.- 

VOK: L' - f">:i.    11    '-:>'     Vi..1. rod   VO   ¡Val    c.    púilU   on    ii,    ono   ... ¡£..t 

even   ¿o  ¿.J  x..."   -.--   óayir,¿   ih, l   capitai  ^'Xk   w^n«.'  úii   indicai 

the  uu:.;:n t.. c-n  o¡ ,rta icini"   energy   in   Li.o   prud^cti o;. 
process.   In cr.y case,   hov.\:vcr,   "órlií Icini"   enor¿<y   u.rTied 
out   'Jü   be the  prerequj .-.itu  oí   invchanir¡¿tion.   Thií.  -  at   lear» c 
in  part  - explains   tr.o clcoc  relationship  between energy 
utilization <.nd  capital. 

The  contribution capital luakec   to  the economic  output 
romains iî;orc  or   less  the same,   regardless  of  whether we   use 
the  General Production Function  or the Cobb-Douglas Function 
in  its  computation.   Furthermore,   in the General  Production 
Function it corresponds at  least  approximately  to the  contriti" 
tion  of capital  to  output arrived at by using the Marginal 
Productivity Theory and assuming perfect competition  ,  when 
viewing capital's  empirically  observed returns. 

Another such observation relates  to technological development 
in the production procese. Looking At the world-wide develop- 
ment  over time, the relation of electric power used to totfi^ 
energy  consumption  is changing,   since the use of the former 
increases by a square ratio to  the increase in total power 
neede.   This relation of electric to total energy consumption 
is frequently used as a measure for the technological level 
of the  stock of capital (machinery, etc.). Thus it is related 
to capital-induced technological progress.  One study by 
P.  B.   Du Bofi  'ÎCO, amongst others, teams to support this 
interpretation. ïnr êèelinf with the development of the t?ni*%d 

-•-•-'• %* 



•   1 .ven 

.n  i.......!. 

Mu.... iv :••• '— • i .Cí.'.W * » 

•,^;    mi . l   i;.,."..  t.oc;   f i. ••: 

L,j v     J... -.• >•   :;-.L.:¡ L    ,.C¡   ini >ort- 

V.C .     O.i  :    f.UCi'i   cú'.e    í»i.'<.'~'t;.    io 

¡.:;¿    !..<!...,'. rie:.;.   l;e!'c   ti.e 

.•rj..o;ii-jiy   wi.-.j   tr.Cf'.rujr«.'»- 

of   '.".JV/I.
-
."   eira • i't'it'Tit   cilici 

„-..it CciLicS v;;.v re 

¡•e O.Oi.t :•' "... .. -... - 
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•,   i^rn.L   o^    r.o.'.'fi.   r  '•••'.-."   C-J. •-. — ij   <-••   ¡ 

cc»su:,p::,n    ,ï   pov.e   .   Kri;:^^:,   thi:.   'revolution'    in   the 

.pplicac.oi.   ci   1,0,.^ e,,n   be   v.iv.wod  a^iiert   tl,e  background 

of   clear,   k.n^wn  ch.ir.¿e;;   in  i;.e.;.u) uctur J ag   productivity   . ..". 

And,   after  dealing wit'i   the   various   lunctions and  uses   oí 

electric  power   in  plant   modernization,   he   states:   "Llectnc 

,ov/er affected  tac whole   scope  oi   these   processing  services, 

by revolutionizing the  application of   energy to materials." 

Summarizing  we can say  that   energy  indicators o an be  used for 

measuring capital stock.   Doing  this,  vie take, moreover,   into 

account actual utilization  of  capital,  which corresponds  to 

what Solow calls "Employed Capital".   It encompasses only 

that part of capital defined as "active" capital stock  (vii. 

plant and machinery excluding buildings). 

»•.3.1    Static features 

Measured in a crocs-section,  the efficiency parameter   ?Ä|t 
of the General Production Function is the same for all countries 
belonging to one group at a given tirae.  As previously  statedv 

analiiing efforts in the field of health makes a division ©f 
countries in 14 distinct groups possible.  Some of thee« 
groups have very similar efficiency para*aters and thus can 
be aggregated into Greater '¿ones. The characteristic tirait, 
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L-,   tr.e  mid-sixtiüs,   -int   CJ.^-3   cr.^cr.-i,   ir.e   war*.,   cou..:,   ~c 
v   diífexir.g  efficiency clìviceo   into   rive Greater   Zori¿^  w.t 

parameters. 

Fig.   Il:  A map of Graater  Zones 
It ¿a interesting  to note that Greater Zones with 
differing efficiency parameters - which were calculated 
using only  the data for p~r capita .income,   eduoätion, 
aap i ta I and naturaî reêoureee- strongly resemble the 
various groups ôf countries and areas of a map showing 
dominant religions.  The zone of maximum efficiency 
ooneiat$ almost exclusively of Protestant nations, 
the one ranking just below it of Catholic countries - 
including Greek Orthodox and formerly Christian count- 
r\e9 of the Mediterranean region.   This would seem to 
indicate that Mam Vebe*'s theories could be to some 
•*.*«** tmpirioally verified  (il).  The resulte of HcClel- 
land'sill)research can be interpreted in a simxlar way. 

The dtlinMtiOB.9f.thtf« «r««tt«* Son.es of-varying efficiency 
leads one to ««tpeet **t* **MM&*/£f- ** Öecifive importane« 
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Tni;:  -   co;.i¡)d.\'J   to  the  old   ro:. ich... ì   íactor  Oí"   the Co.>b- 

Dou/*,ias   ¡unction  -     n  n  u     residual   factor   of   the   General 

Production   Function   reflects   world-wide   increases   in   ef- 

ficiency.   There   increases   resulL  on  c;e   hum;   from the  develop- 

ment  of   new   tech;.oio-¡G5   and  their adaption   to   ti.e  produclio:. 

process   and on  vlie  other  fron  improvements   in  the organisa- 

tion structure.   The differences   in  the development of   the 

efficiency   parameter  over   time  that   exist   between th, 

separate  group:;  oí   countries  requit  from varying changes 

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

patterns  and corresponding  foras of  social  organisation. 

M.3.3    Complementarity  between production  factors 
and  structure 

It  is highly likely that the complementarity mentioned  in 

H.1.3 also exists between the production factors capital and 

education on one side and the structure of  the  syste.fi on 

the other.   This means  that a quantitative  increase in  the 

factors  capital and éducation muet be matched by corresponding 

processive  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  structura of 

organisation possible, on the other hand they themselves 
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index basirci on the total value of nin.n.i .i;i(' cru,.e 01 

production. Usir.g regression calcul.it Lor, on«- îDUîP. that 

approximate ly  80  %  of  the   value of natural   renounces  an 

added  to   the  income  determinad by   the  other factors. 

&. SUMMARY OF THE RESULTS HITHERTO OBTAINED 

The results thus far obtained by our method can be summarized 

a s follows : 

The effectiveness of the social sub-system economy can be 

described by the General Production Function, which shows 

cortain characteristic traits. It describes economic output 

i %  terms of both material and non-material inputs, as well 

« t 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, jr. 

processing system with varying structure has turned out to 

be extremely useful in international comparisons on country 

level» aimed «t describing and explaining their varying 

economic perfornante. It is only natural that one should 

want to broaden tali» **«c*e**sa oowas^t by adapting it to 
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oiher   invtectiauiion;;.   A  p^i-t iculariy   •'• '•;'"•••' <>••• <•  ¿*-> ; ' <• 
in  this   connection   the  question,   if   <-•''. ci    ~°  v;..cu   cxv«;.. 

the  General   iVociuetion  Function cen  be  i..fur,;.it.i»..'y   «••• 

to describe   tl.c   output  oí   individual   br^x'.chcs  of  ¡¡.'ocucU 

or  sectors  of   industry. 
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:.    TL  AM   IKDÜ37KY A   ^ANl^rUL AGGRI.CAÏZ  FOR  THE   ESTIMATION 
CT  PRODUCTION   IVNL'TKHa; 

1.1    The  eop.ccuvt of  íL^rC.yi_aD^_il}Í2-.:Ií-i¿¿'--i?~-------^ 
*î>J>1ÎÇÛ^2AÏS±9LS..2Î-Production 

rountries are  societal  tyatuins as  defined above.   They have 
p   clearly marked area of autonomous decision-making, well 
¿«lineateti structure,  governing  tha  formulation of goals 
and decisions, and ara sufficiently cet off from surrounding 
other entities lu develop specific attitudes, modes of be- 
navior and forn.s of organisation.   None of these criteria, 
however,  apply to the entity "sector of industrial product- 
ion", because the individual branches are    not    societal 
system*.  They are, leather, ths BUSI of social systems, naaely 

firms, to which th* above criteria    d o    apply. 

Thus our considerations are dominated by the question» 
whether by Aggregating firms their properties as social 
systesw are being lost or whether the ba$ia ralatie*» fr«- 
tue0n energy ana information p*oo§§Hng **min intaot also 
in the aggregate. Naturally» for the time being, w« *u»t 
forego entering the immanent probi««« of aggregation in 

detail. 

*--*re-^ 
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',; .   --..i,-:f   ro  :,;,;•: rr.cro   o;    lee;  ¡iru,.n.at ica: ly   that   for  the 

p.uv--^-   —   bxvK.vi w^juiv!,    .í.to ccoi-.or.ir   iKU:rr<*i«tions, 

u:-ir.fj  oinor  cat.-,   'hur.   roi... l ry-iiud i«:s   and  jio-inc   into  Greater 

detail   i-hä..-.   t.H    ^.ttc,   t;.o   iiv.uï>t;*y   level  i,ee;.;s   to   be   t.ie 

noarvet   -    il   r.or   the   scic   -   mu.u.ingiul   level  of   aggregation. 

Widespread   ¡vpr.K.. n ta i i-v.i  cata on   efforts  and  aohievjmonte 

of a majority   of individual   firmo   are  cimply  not  available. 

In   the  following, we   shall  attempt   to muster  some  additional 

reasons  why -   beyond   the  pragmatic  point  of view  -   the use 

of  branch   figures appears  advisable. 

1 • 3    Additional inf luenci.n2_factorB_on_the_entgr2rise_3.svfi 

If we were to  investigate  individual firms in order to 
discover the connection between their economic  performance 
on one hand and their  structure as well as energy and data 
processing capacity on the other,  we should undoubtedly have 
to consider two more factors: technology applied and the 
aizi  of the enterprise.   Technology presumably  influences 
predominantly the relationship between the inputs  "capital' 
and "education", while differences  in the si«« of enterprise* 
would find expression in the relationship between the 
structural factor and the other two factors.  - Mow in what 
way does aggregating individual firms into branches of pro» 

duction influence these variables? 

1.3.1   Sectors of industry as aggregates of enterprises 
with "similar"  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 be 

,t M 
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finished products, and oti.ers whose re, nology is primari J y 

¿eared to the shaping (casting, forging, punching, ¡ailling, 

etc.) and combining ( Id in ina ling, coating, etc.) of materielle. 

This leads us to believe that the definition of industries te: 

result  in aggregates with similar technologies. Thus it ir. 

safe   to aeeume   that  firma   within  a  branch  are  using  move   or 

leas   the  aamc   technology  -   if that concept is defined as 

losely as we have above. This would mean that parameters 

estimated for the brunch 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 result« from 

the varying size-structure of enterprises from one country 

to another is an entirely different matter. These differences 

will be important inasmuch as siae of enterprise tends to 

influence the organisation of energy and information proces- 

sing, and thus the structure of the fiï'a as well as the 

significance of its management. Therefore» in a sector study 

we should be able to control this factor. Consequently, such 

an undertaking would have to aira at either suppressing or 

taking account of the influence of difference» in siae- 

structure ci  enterprises on the results, obtained. 
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in t,i.::.-T¡^'i¿   ,.p wc ;.ote, Jn.i, in i;pitc or ali JUü LU labio 

theoretical e-V oc i ;or,s , e;. t ira t in¿ .'.ee.or production iu;.ciiOr¡s 

¿or purely -j.v¿rio¡k eons.kd...;
,atioi.¡; - appear« to be a priori 

meaning)ul. Ag^rcr^t ion tíAc-r ir.to .account the ir.íiuer.cc oí 

technology in ¿aun a wuy, that the influence of this variabil- 

is decisively reduced when ceti mating see,or production 

functions. Doubtlessly, one of the main remaining problems 

is adequate consideration of the differing size-structure 

of the different observations - be it in time series or 

cross-sections. 

The following parts of this study shall deal with the 

problems arising when transferring the successful concept 

of the General Production Function to the development of 

sector production function.  In doing so, we pre-suppose the 

following analogies: 

General Production Function:  Sector Production Function: 

Education 

Capital 

"Structure" (cross-section) 

"Structure" (time sequence) 

Qualification of labors social 
information processing and work- 
related skills 

Capital 

Management, human relation«, 
organisational structure» 
Technological progress and 
adaptation of organisation ** 

All values are calculated on per capita basis.  This leads 
to the following analogy: 

Population   x    employment 
ratio 

Labor force 

;i'**'. 
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2. TíIL GLNLAA:, :\<OJL.CYIO\' ;'¡.:.-,cv:o;-: 
OF ÍJECVO.V'.L i-.vGDUCVi'Cis' 

IM'úV I7'.C7v.'KLi 

?.'l  OUí-ii f ^G.i', ¡ :->;i_of 1._::J2; 

General e OHM 'i e rati ont; 

Ir. contrast to tru- Cobu-Dougl^s ¿nei other ¡>in.iìar production 

functions the Generai Production Function has in addition to 

the generally used factors tho term 

This expression represents a measure for the qualification 

of "labor", which in many other production functions is 

expressed purely quantitatively and without any attempt to 

measure quality. In our international comparisons this measure 

of quality could be expressed quantitatively by the amount 

of educated people in the respective countries, and inter- 

preted a* data or information processing capacity of society 

as a whole, 

In all considerations regarding the transfer cf the qualifi- 

cation measure usad in the General Production Function to 

sector production functions th« cuestión soon arises whether 

the concept of social information processing is valid and 

meaningful on th« sector and individual-enterprise level, 

too. To what extent is i. feasible - within the area of 

qualification - to »«asure or quantify sub-categories on 

the basis of available eapirical data, is on« question, and 

"should tha concept b« widened" th« other. 

We ara inclined to think that th« application of our concept 

(social information processing)i« u**ful also on th« individua]- 

maamimmtm 
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-.. L i,/ ;J.¿^J:/Wíí¿ ir.AOi-umT.ion acc&:-u.::^ 

",  . e. ,i:i ox'^r.üulio.n structure ¿.iioCt.. '. :.,. 

voe-.  ¡.;i,:v¡ry,   secondary  unci  hiß'r.er  ocucat .x.. 

•ry i, t   VKV'sa.-it   not  be Eieacured 

the uso of available tt<.tistical data. 

i'he further cuestión oi w.u.-mer the concept of social infor.-«.- 

ciori processing in its present for.r. is sufficient and adequate- 

io describo ^uulirica lion sutisf&cLorily fcr sector production 

nas to be answered. Our basic concept, which defines society 

ir> ¿i leernj-;; uyntern, leads us to considerations which snake 

a further subaivision of quálification dosirablo, whan a 

cevcloprnent at tna sector level is to be studied. This sub- 

ivi?, ion derives fron the varying functions and positions 

yf  personnel within the information processing system of the 

individual enterprise and from the interaction of capital 

and labor in the production process. Fcr the description of 

these interactions wo need the definition of * new type of 

capability: "nkills". "Skills" are those capabilities direct- 

ly needed in the production process, say in the operation Of 

machinery. This new factor "skills" obviously constitutes 

?. second catego-y of qualification, which, however, i» öleioly 

related to the first, which is Social information practising 

capacity and has already been described above l/e shall 

attempt to demonstrate the usefulness of this approach in 

the course of our treatise. 

M 

In summing up we can state that the measuring not only #/ §&# 
social data processing oaf a oity but ala o of uork-r§latti ¿kit 
yields suitable indicators for the description of "quality 
of labor" within a given sector. 
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1 Jori v.    L, k ; J 

|,, ro   w»-   âfv   citìrìa-iìj   with   SUI,,   skills   <..'••  ai-o   t^:;.ii¡u;d   to   rf- 

j\etiviì!y   co>:-:^:-i,   ir-,   inf,>si:;ci¿oi:   p>-o~:. rjCuj   i UD.-.IJJ tan   tn 

thì   cnaryj  p'rji-K'.aait.-j   ¿..¡¿ò;/..ii«.    Thus   i.n>y   «ire   :.ti . li,  CXCTC , - 

uvó   in  clüíic   /-al* ti or.  wit!,   ihe    L.V/UI    iuUir   c ,J... .:<v..   l'eri.o,.;, 

possess in¿  tr.cíiv-   í;ki!.lí>  ari-   i .v   "W^/ú.Cí'J
1
'   Wí.O   -   .m a   t, wo- 

re ".u  way  -   reprobai...   a   juncture   po¿n;  of   l'io   system:   On  one 

hand  wo   find  u  close   ir.tercc. lo;»  between r/.an  and  machino, 

in which man represents  the data  proc •..?.!ng   part  01   this 

closely  del i.r.crd   production  Ky,.x-v:.\,  w.iile one   of   the functions 

of   the  machine   is   to  provide  the   er.or^y required.   On the 

other hand,  ti.e operator is clos.ely tied to  the  social  in- 
formation processine  system:   we  can go as  far as   seeing  in 
the operator its  output unit. 

Communication between 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 th« operators.  Thus it seems advisable to provide training 
in and for these qualifications  somewhere near the site of 
production, preferably in facilities owned by the firm or 
closely related to specific sectors. 

It is interesting to reflect - taking into account the two 
fundaBMHitêl functions of the factor labor just outlined - 
what task training in vocational schools seems to perform, 
"his ty?« of education would» so to speak, provide the basi« 
for linking th* "operatori" with social data processing - 
simply toy giving tha student th« theoretical background for 
understanding his own rol« er function. Thus, vocational 
schools provide a "cession language" for both »operators and 
social data processing. This £* important, sino« we can re- 
gard eeoh op r^or a« an outpost of the data processing system. 



After   ¿II,   the   o;.-íir„r     i   o  e   ;;     V.tv     <-..   Ir ,>oi £ -.nt   íunct.o:. 

a:,   ".r.oiv.ut : •:•-.   reto,:.or"   in   the  proc^.úc,-;   proejas.   V¿.KÍnj 

t..ls   v.ew,   voc,l;o,.ai   scj.ool..   would   ;iri:..*s;   . ¡.y   hav,;   LO  provide 

th<?:'r  btv.v-or.tf   with   :r.e   ur-wert   io   lì.e  W.-IY   oi   tiie.r tvv.rituai 

sin£ ti.e LO:.. The la". U«:- couLI *>tì 

:;J:,: i3r.»^ v.nov,; - in v.riour typcu of 

,   It   is  fcxrtctìy  inic   knowledges of  KOV.f, 

worx, ri. Li'.ev   tn.ir. s.'^ 

ttise ". Ci:'.: o i - ûi 

on- ; '.-v. - ;')oh tr<; ¡ r. *r.f, 

the í>kíii.s wair; AI'e  oí   ¿» great i;r,poru.nce in n;*iny countries 

witii an economic syrien not yet fully dwelo^ed. Therefore, 

if we loo*, it t..e hiiitoric development of industrialized 

countries we find, that before the Industrial devolution 

the prevalence of skills was ir»ost.ly decisive for regional 

economic success, wherees in the process of industriolization 

the importance of social information processing became ever 

increasing. 

The historical observations suggest« 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 roofed 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 . 

2.1.3 Social information proö^Ming within the enterprise 

The social information processing capacity it responsible 

for the o*ar all control of the production process and for 

ita integration into the respective markets. 

Here we are dealing with the area that deacribe* the ability 

of thé ayêtam to handle,   transmit and atora information and 
to affaot dëoiêiont.  With thia factor we describe the «ffici« 
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í . 5-i.rc.    .t'.....   ;; t. v».-.'. o. •. i".:.. ,   Cv i«. ^ ..Ci   vi' 

;,.o,.,,c : v.,f;   . !,   ;,^.:-ii,    . itv <.:.'. or>   ro-^rcl,   ae~ 

t ; ; t £>. >   .iroric^ic.;  ..ad   ..<!v(.,'t ici ;,,;,   o;¡-the-jOb 

?..r   ¿ifJc.Ui.cy   oí   '¿¡:.i.   •••.:',>' yete;:,   i •;  r.,. i'cr,( ': y 

„ ni II..need   by   i n tí> .-pir-jond   fc^àiion.;  a.nong  ino   people 

,.u3ta!:iin;'   tnís   process,   ü;.ICC   i'i.e   *:...£.!..íT.jo  oí   inf orrr.o u^or. 

is  a  ntcess-ry   pr^recjuiìi ito   fer  it:,   preces sin¿.   The   ovcrJ ! 

performance   of   soci¿¿  data   procjsr.ir.j ca;»not  be   viewed   ac 

the   cum total   of   the  efforts   oí" u  nun.ber  of  individuals  - 

actually,   it   is   the product  of the   interrelationship  between 

their efforts,.   Social  data  processing appears  to  require 

general qualification and   abilities  which  can be  taught 

independently with regard  to  either  enterprise     or sector 

of  the  economy.   They are,  however,   closely related to  certain 

attitudes and  patterns   of  behavior.   These,   in turn,  are 

determined by  the  country's   structure.  A  suitable measure 

for social information processing capacity within the   individual 

enterprise seams  to be  the qualification of its  employees. 

2.1. M     The  interrelationship between  social data  processing 
and the skills of the  working force 

It  is assumed that a semi-limitations relationship obtains 
between these  two categories.   That would mean that at 
inoriate in production  under  conditions of etatio technology 
oan only be aahitved by a balanced inarëatê in both input»' 
It is to be expected, however, that the equilibriu»-ro«l%tioii- 
ship between the two categories would be changed or somehow 
affected by * dynamic change in technology, i. e. a change 
of technology over time in one factor of production would 
result in a fc.Mft of this optimal relationship. . 

.-;>•'*'- »•, ¿v'O*« 
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th,'  scopo   oí   social   ^:a   processing would  grow. 

,xiij: 

2.2     Cap^^.in^ut^r.^ technology 

2.2.1     General  considerations 

We have  alrccy pointed  out  that  the  General  Production 
Function  is   sinilar  to othdr production functions  in that 
it    uses capital as  on* determining factor of economic 
performance.   Moreover the relationship between the two 
variables^  similar to the one estimated using other approach«! 

There are, however,  differences in the way capital has b*en 
evaluated,   since the General Production Function has b«on 
estimated using data for energy consumption.  This concept 
seems to bo promising and can be transAr&d to the estimation . 

of sector production functions.  Finally we  see, that on« 
concept of  subdividing  the production  factor "labor"  into 
two subfactors gives new insight into the mechanisms of 
interaction between capital and labor.   In fact w« obs«rv« 
a substitution proceso between capital and «Kills in th« -* 
process of technological development,  this being accoapaffi** 

be a "balanced" increase of energy and information proe*t* 
sing capacity reflecting a coe»pl#»«n*ary relationship — 
tween capitai tnd social data proe«»aing capacity. 

2.2.2    Capital and energy 

For th« estimation of th« 6en«ral Production Function tH* 

doninant probi«« was to »«asur» •««*** processing oapa* 

mmm 
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.¡i,,:  to   dv't.,r:;. ine   it--,  r •_ i<* ¿.ior.   ;o  eccn.orr.ic   ,„*;...>:..... • 

WC prGgX*8*«d     -:-   our   i:.vtsi if, .--ti or.,   it   b., cwv:   ¿;^-.r\ r.,    :.. c . 

mo n:velo?m::t   c:   tro^y   procer';.:;  eu :.Jîy   ->>   <••-••  ^-V 

;-,i,UuG   to   vac  üí.,OUJ:-;   01   cíícerivo  cap., tu 1   .in   a   r^v.-i.   c..u.-. ..> 

Üüwovcr,   since   in a  study   focur^ir,-  en indlvifiuu-i   sector,   o. 

the ecor.ony    uie  proi>li.-;r.s   of  t¿c;inclo;jy ús~i...".e  great, r   ;::vc^.- 

cir.ee,  wc   S1.C.U acal in  this  p«.rt  of  our  r.tuay  with  the 

iuc.or   "capital"   - une  noi.   just witn energy   prooc'itnr,  -   -, 

greater detail,  at the  same  time attempting  to  sor.ewhut 

analyse  it«   function. 

Without doubt the Industrial Revolution was characterized 
by th« uue   of "artific&I"  energy in the production procer; 
and by the   subsequent tremendous increase  in the utilizarlo;» 
of this  type of energy.   The use of more and more machinery 
kept st«p with this trend, and - necessarily -  the capacity 
of th« economy to utili»« energy is expanding proportionally. 

2.2.3    Capital and skill 

The industrial development leads to the following phenomenon: 
Tha ëoùpë  Of "êkillê* th» capital can perform ie constantly 
inorêa»*d.   Thus the function of capital can be divided into 
two »ain components: on on« hand capital is used to procese 
energy» ami on th« other hand it takes over "skill" functions 

fro» th* i*!»©* i»put. »?h« pow«r-«ngine as a source of 
Motiv* e*p*«ity h** to ©« ...  linked to a »achine perforating 
the wtmk . « * Ö»ty Aftex* th«*« two W« link«d came the next- 
big ft*p i©tf*#*rd if« th« fruitfulness of craft? production." 

The oe«c«pt *fnM|i*rt'*fcto.«Wf» «*rt«4a «MU« gives new 

insigh* _ iato- 

skill«'by 

of \^f$mìrÌMlmm t*ehii©logieaì 
»«ïha*it«tioï» th«- ***Mng over" of 

fo» of "inforwrtion «wage*, 

' K'l , 
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do f ir. i te ly tha i one o 

technologicí.]   progres 

:..;,<.;".   J   rr.etci   punches. 
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t    tio'.'d.iLC     <íi   ^ali.vi- 

.;:.,    ,u;u take;.   ovt.i-   the   control 

.Tur.   A   iu.ly   àula .¡.itevi   production 

nc,-c   io.   operatori,   < J.M   th.-  u-.Mñ 

•to   ^r.pioyed   this   ttre) ,   but r.lill 

praccsjlî.a.   One  can   state c.uite 

.he  components,  of  capi tal-incuced 

is   the  take-over  of   skills formerly 

in   the   domain of   the   operator by the  machine.   Thut, as 
technology ccvolops   a:.c   pro¿retses>  over  time,   a substitution 
of  capital-related   skills   for  Zcior-relatcd   skills takes 

place. 

To avoid giving the  impression that we are oversimplifying 
matters,  it should be  pointed out that the  "take-over" of 
"skills"  is only      one      of the aspects  of capital-induced 
technological progress.   There are e.   g.   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.U    Capital and  social  information processing 

The described process  of substitution, however, doss   not 
affect,  i.  e.  reduce,   the  information processing capacity 
of the system in the same way. Among the corollaries of an 
increase of the capital input are both an  increased use of 
«nergy 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 adequate- 
ly - especially in such areas as marketing, research, invent- 
ory control, accounting, etc. - Thus the substitution of 
capital for labor as part of economic development «aphasi**! 
by all the traditional theories does not necessarily c©ntr«éil 
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er observation,   that  energy and  information processing 
c:«paoility  of   a   system are tied  together  in a rr.ore or 
..ess conplemantary relationship. 
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.;.,:,.-,t   up—  t,K    efficiency  p.;ru...,-ter 

IM..   í:U;.:<;; .   to  the   r ..l..-fion   in spec ií < c 

!,"ct'or'¡rProLcc,(,r..   ^-  efficiency  parameter  íB -related 

to   the   t^k,  of  ,0«r.a-,:r...in.   The  ta**«   of   «^"t   -   which 
must   not   ha r,l-toc!   to   owner^p of  an  enterprise -  consist, 

asicc   i rom ci, to, •* l .iir.fi   the  ar.u,unt of   factor  input,   in   tue 
domination o.   ai•,   and   goals,* decidora pertaining  to 
the   type of   ccc^olosy   used,  *•  in the  design of structures 
for  social  intonation   processing.   In  other words:  mandent 
must   determine,   the   WHAT   and HOW of production.   The WHAT  is 
expressed  vn term,   ,i   goal, of  production;  the HOW means - 
within  the encerprise   -   decido,,, on  suitable  technology  and 
development of corresponding organisation structure  for 
their implementation.   Externally,  the HOW governs competitive 
strategy,  «ales and  promotion.  An important task of management 
lies  in the field  of   innovation,  i.   o.   the aquisition and 
adaption of new techniques and technologies and the harmomou» 
adjustment of organisation structure to the resulting 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 controlled 
by the information processing system guiding the production 
system. Aside from establishing goal* and determining the 
scale, on which factors of production are used, management 
must also draw up the schematic of social data processing, 
and bring about and cultivate attitudes and patterns of 
behavior adequate  to and consistant with this schesiatic 
In this process human capital is, so to speak, the raw 
material, from which management builds the social information 
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t,,'v-r.".'.; '"   f.'i-   provided. 

-t¡.c  tenerci   ìTCUCUO;,  Fundi,•;.   h..u   r.M   b^er.   into¿rc;tcd 

.uto a ciocco   model  of  ocono:.¡ic   devcìo^o:;!.   Tras  meant; 

.¡,¿t  exogenous   variabler,  not   furir.er   explained  or  dríined 

-.ter into   this   function.  These   are   the  factors  of  production 

"capital",   "éducation"  and  "no turai   resources". 

In a  sector   study cf production,   the  situation  is  only 

pc-tly similar.   Anions the similarities  is  the fact  that 

ine volume   of  factors of production  employed all  over  the 

world in one   specific branch  is   exogenously determined. 

Worldwide demand  for the products  of a sector is the 

exocenous  variable that determina   factor use on the global 

level. Within this exogenously    given global demand one 

has to deal with and consider the different amounts of 

resources allocated in the individual countries and - with- 

in the countries - in individual  firms  in response to that 

demand. An  explanatory variable  for these aspects of distrib- 
ution could bo e.  g.  tht degree  to which the optimal combination 

of factor» of production is achieved.    The combining of 
production factors in a relationship that - to a greater or 
lesser degree -  approaches the optimal is a task of the 
management  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. g. natural 
resources and supply of labor of a certain le'-el of qualifi- 
cation, whieh can be assumed to ©a exogenously determined 
for a given country - and branch-specific world demandi 
management datarmines the extent to whieh factors of pro- 
duction ara usad in a given iaduatry in any givan country. 
Similar considérât ions determina tha position «*f » fit* 

within a branch of production. 
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f;.icy  CI.-K.  the  ¿one  efficiency 

:,.   W.V;Tî^;..    ;¿-r ecv,...:wie efficiency 

i  /.   ta-s ;   n^¿ -u . -.c-Jotcminod efficiency 

l4f,n,;t  r.r/L-îicnoy  parameters of  the 

••>.  -'.vjc-n xì..r-  niwa been found for tha 
•T  -•<> •,; ri'".   -  V?3 think it is a reason- 

:  i-, a-,r."r.»r,   th*t zeno sffioienoy *o- 

;/-s  rffidane prevailing  in 

'.  U.  g.   s Tutors of production).  These    4 

;¡• •) of stiU'rjtur'f.s management has been 

J.1* to bvild:   .v-d rh^V'-Y. t,vn -   lead to certrin attitude 

;     c    to r  cert A'.. "':i;.-.o.;c1'  or  ,,f.t.u03phere" within the  in- 

livitìual  -ntrrpri,,.   bsinC -:his  concept,  it can be  statedt 

hct structure  (VMUCS, p^tern« of behavior, -organisation) 

A'a country constitua,  comethi*-  like the mean of th« 

•• internal CUT.-;O rr ^osp^re1'   of    a I I    enterprises  ill 

,.is country. 

•..t. "climate"  o^  or.o  f»cererie* does not depend excltt»Ìv«lr 

on'mantgftÄWt'dacisions of «his enterprise; On the on* h»»* 
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.atteins   pi'>-va .'i ^ ;;,,   wi'hi;-.   t •<:   country.   Finally   iv.eu.i   put- 

'.(f:\~r,   -   in   rum   -•   or i-;;;¿. t.:,   partially  et   Icabt,   Lrora   the 

nutual  adulta i i en   of  atti ti.c.os  within   the   smaller   sector 

units   (c.   g.   the   'nüi.'idual   enterprise-,)   and   eventually 

"row   into  tiv.ntuocCor,il modes  oí   conduct. 

3.3 igur, ani  technological   development 

Innovation,   i.   c.   the adaptation  of   new technology   to  the 

reduction  process  and ¡nakina  the  corresponding changes   in 

organisational   structure has  teen  called an  important  task 

of man a cerini .   Inrovctica,  however,   is  closely tied   to 

:echr,olüßica.l   p-c^reüü reoultinß  from  inventions.   Expres- 

sed in terms  of  the General Production Function,  technological 

progress (resulting in increased factor efficiency)   means, 
that the efficiency pa¿vmatcr p^- which,  in cross-sectional 
comparison within & group of countries ( reir.ains constant - 

increases over» tine. The speed of growth of the efficiency 
parameter çiepencs on the propensity for expansion of know^ 
ledge (invention)   and tli3 propensity for innovation. 

in a similar wey»  tho tachnolosical development of industries 
does also depend on.the two> components just mentioned;  Know- 
ladga of new technologies can in principle be assumed to be 
available tha world over. The actual technological develop- 
ment of a tete tor in a certain country, however, do«« not only 
depend on this technological progrese but is very ««verly 
influenced by the readiness to innovate. It is actually 
management which 1» responsible for this latter innovation 

activity. 
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Ar. y   sector  ^ cu¿^y   ; 

hï^ur.>'.!:,  hovj   i.h> 

,,   bt  ..¡•....d   at   f :r...Lr.íi   oui   foi- a  f.iven 

M     ;.,ltvjr:(  o.   production   are   ccohií.od   in   those 

^u'-rLrïîIt'.r.   co:;ioiinr  or.  world   nw.rket,   with particular 
^cce;s  m  th^x    ..:,oc:i.o ¿ndut-try.    Thus   one  would arrive at 
optimal factor   co...;.ir.tior,  lor  that    sector,   .iaiUr  to the 
optimal relation   u:   cnnr¿y a;.d   information  processing described 

in  the Cenerai   Production Function. 

At   this point   of    the  study  it   seums   to   bo  useful  to di.tinßuir.S. 
explicitly  between  différences   in   efficiency due to the  fact 
that countries   belong to different   zones   ,   i.   e.   to different 
structures, and    those differences   in  effective  factor  use 
due to the degree   to which their  combination approaches 

optimality. 

This distinction   can be made in analogy with the General 
Production Function.  Efficiency paramters vary according 
to Greater Zone    ,  while the optimal  relationship remain* the 
same all over  the world. Accordingly,  it is tc be expected» 
that - in drawing up branch or sector production functions - 
the efficiency   parameter will vary  among the 5 Greater Zone« 
and, beyond that,   even among the  firms  in one given country. 
The optimal relationship of input  factors, on the other hand» 
probably will  remain globally constant  for «very sector. Tha 

optinality will   differ from sector to sector. 

if*& ';'. 
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Qualification oí labor 

tiq.   It;  Tha optimal relation  of capital input and quali- 
fication of labor in different induatrxoa 
Probably w* will find oapital-intanaivo  industries 
(A)  at well a$ qualifioation-intanaiva  aaotors   (D) 
one finally ttotora uhioh mova from on»  aid»  to tha 
othar  (8$  C).  Tha optii il ralation for a country 
«an b* toon at tha ava mg a of tha eorraapondmg optima 
of tha différant aaotora. 

The defre« to which individu*! nations heve tit her achieved 
or failed in achieving this optisal relationship of factor 
utilisation ia a certain sector detersine» their relativa 
pesiti«! ia international competition in this industry. 

We aust» hwtvtr, also confidar tha possibility, that the 
optimal feiJAtioiiShip is not only determined by tha branch 
investigata* Ant by tha seal* Of enterprise or size of firm, 
too. à $W&** dba«rv«tiea to ©a fitted into this context is 
tha iom* *N** the *m9**X Production Funotion assumas a certain 
complementarity between til« »«ale of factor usa and tha organi- 

satiaail 4P«««*.U ttwMpmtm *W« ftmption to the 
•tudy #.UÊ*M>y*-ia^t&m*.^ ***** ««*»* thÄt " *ith 

biU»* **h»** «***<-******* ^ •• i« Uif«r ***** -jananes 
on ummÊÊÊm *mM •trm^U   ^ljfe«|MPi4. 51 *M# twrns ««t 

•"»„•s -1 



t : .i    »•<• i. •. i k.•••>• 

ov:-,   c:i   i •.>    ":,.iTicJ   ..:.«.   <••'•.. ¿i.i- 

4 

n. .« • ¡'.   L        O 

at I'd   :. lud ai-. 

fi ITU,   of   ncur-t^ud 1      c 

: ufni 

2-H     Onj^LOlVÍDL-ÍL-LV.-^DJi^ 

in order to c-i, t irn.ite tha Conerai Production Function, in a 

cross-section comparison, we have used either 6ro:.e Kitiojtcl 

Product or National Income per-capi ta figures to define 

economic perionr-ance. These figures should be und«r«tood 

to be gr.»ss production values, since they include inter- 

mediate goods and services not to be explained by the value 

of productive factor inputs. Mainly two types of variables 

belong in this category: a  deficit in the balance of pay- 

ments and natural resources. Natural resources fall in the 

category of intermediate goods, inasmuch as they represent 

values put at the disposal of a country by nature itself» 

quite independently of ths use of the input of productive 

factors. If we now transform the equation < 1 ) by substracting  -g 

0.8 r from each side, we get 

y-0.8r 'ti 
m •V a* :#•)•' m c«o 

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

is explained in terms of inputs of productivo factors. Tttif 

model is now to be used for the estiaation of sector product* 

ion functions. In these, the economic performance of an 

industry is represented by the value added - this being the 

difference between its gross productio» minus the input of 

intermediate goods and services. Not production is explained 
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í;,iene.ve   ¡;.Ov¿  o;   producilo,',   :••,   ^rrvl.^i   to 

.i   tyi-e   oí   cápitJl-i.'itciijivf'   prouuction,    in  wnich   th--   role  of 

sucia!   data  procos i, ir.£   ií.-   a  compi/ u t i vcly  manor  one.   Such a 

situation coula  obtain  e.   f..   in  DUC!,   «reas   of   production   in 

which  -   in comparison   to  other   industries   -   the   optimal  re- 
lationship is  marked  by   a   fairly dominant   position   of   capital, 
which   is  yet   strongly   increased  by  continuing  technological 
development.   We  coulo  interpret  this  as  a  special  complement- 
arity,  namely  between  capital and material  inputs  of   inter- 
r.ediiite goods  or  natural  resources.   The  qualification of 
social  data processing  here,  is relatively   insignificant.   This, 
on the other hand, means,   that the efforts  in research, marK-t 
research, planning,  promotion and advertising or distribution 
are proportionally low*r.   A capital-intensive production of 
this typ« will have to operate near the cost margin,  since - 
from th* side of qualification of labor - there is practical- 
ly no U»it to impply.  Thu» th« value of production is progres- 
sively nor« determined by demand. This can possibly lead to 
ruinou« coapatition,  in which advantages of location,  connected 
with natural resource«, can b« decisive,  eince they,  in turn, 
account for * great portion of gross production value. 

For thie reaeon    one has to be aitare of the feat»  that inter- 
mediate geode - although being eliminated through th» net of 
value added a« dependent variabU - etili hat« en influenae 
on the pararne tare ef the eoa toral produotion fuño ti on. 

•"#-** 
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• i .>»•.+ ; <•»«»-   (W"',rribed  thus  far „ ,  .        ,„»«      -o   -t   th    considerations  i.c ..<..»   w«. 

and   the result,.  o¡.^¿— *" -"-""-y  • - 
.„«ari»d  in t».o  Goner.l Production Function.  « «V 
tentatively  fc -ul«. « Sector Production Puncto of tb. 

following  type. 

In y    =  In  k0  +  k1q1 •  *2
q2   +   K3  A 

y    s value  added 
q,   -, amount of skills  (se« chapter 11/2.1.2) 

q, s quaxixxcrtUu» *«»• »^j»; ;v  * 
sing (see chapter 1172.1« J) 

c    » capital   (see chapter 1172.2) 
(All th« variables are calculated on a F«r capita 
basis) 

Tha problem now arises how the different independent variable 

in equation ( 5 )  ought to b« actually measured.  That will 

have to be the topic of this following chapter. 

2.     MEASURING THE FACTORS Of « VOSM PRODUCTION «*»«»   ¿ 
i 

2.1    Qufìif iS§ÌÌ2D.2l-ìifeS?S 

Our experience with the Señera! Production Function» «*Jf«^ 
as observation of the relation**** bet***« inocme aa4 -•—- 



lion   on  tr.a   individual   *evel 

aducatior. (Years; 
MMN 

Fig,   Ut A graph »hoving  this Ftlwtionëkip for individuale 
in the USA 

lead US t* th* »mmmptian ***** th* qualification variables    q 
of th« flMtjr P*Q<ittfctioa IVnot^U viU fc»v« *n axpontntial 

s ; /. .¡i       «*•.«. »n'A    J'    JE.      ."•       l" 
(6) 

Whil« in .«*• S«I*P*1 Ffcsäuetiöf* Function th* ralativ« 
coapi.fjdtX «ft 4j*t. t#» w*^,t*k«n ¿n#» *e«*Ottnt by, »»curing 

an* ^Ì^-.^è«iA*$w5.* ¿^«^^tUnack ,f»ptor in,«Ration 
<th* 3^ d«v*lo|>«J ftf t^M^P^AP »»** ¥ *H\*#1*»*1   ^ 

'       "vr ""f f :_?***«^ • 
i4*r»tiOft «f «!*• i©tt*»»n«ek factor 

t>4^/«it4*M ïtrliNif» o*i*ndifi* 

th# 
baoottM *X«lttiiv* 

1 MME #«w 

Ml 



v„>_  .faUO.,.1-    ¿cC '«.O.'o ,    W,¡.C. 

:..J   .10   or   -    tí    ti ¡e   ex,».t: — • 

o::ior  levels   t.í   i'J'üC..;   'J:I 

ov..r-'VC.lo¡:e.i   to  h<ig,n  w>th, 

is  ¿chi.'vco   "1   tr.-:   cx¡»in¿c   of 

¡f ; cet:,  or.  the - oVí n ¡,cgi". ;¿vo o i 

T,Lj) ffâij ,:.;.pJ-.i;l.(i x„-thoci, uting or.:y the r. actively 

sr.ûlïoEt eeuc.itio^i ciego.-y, doubtlessly is incomplete. 

Ir one ci::.t at a :nor¿ ateu-au repivsv neat ion of reality, 

one wouiU h,ve to ulwayL, is.cluae  a 1 1  (three) qualifi- 

cation cctc-ories ii.io one's observation. A sin i larly sophisti- 

cattd approach wouiJ DC tnt &<• 

industry, Loo. 

be the Koai in «naiyzing sectors of 

In empirically Measuring qualification in a branch-coe^urison 

study we havo followed a suggestion implied by Fels (12). 

His basic assumption is, that the difference between the 

actual sua total of salaries 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 î!riuman Capixai". "Human capital data had to ba 

estimated. The method applied is based on the consideration 

that the difference between the actual wag« bill and a 

fictive wage, in which labor input is valued by the wage rate 

for unskilled labor, can be regarded 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 êv 

actually strongly influenced by corresponding differences in 

qualification. Only in such a case could the available 

statistical data on returns to the factor labor fairly be 

used in determining the meaaure ©f qualification. 



- b .í 

;i«_sc.-i o.: the ;,ü!rjinc.r rei ¿t-or.- ': :> h.iiiC.^to . c-n-.c lo 

o.)t"I:i between q;!«lif ; cat Icn cj'C cco.ic;:. .c c: ! iciLM.y (and 

which we u5E«".o Co be valid Oí, i..I: ij-.di.r.t.y ^vei, .oo) , 

wc have como to the conclusion, ,i.-V i ¡. ni.^i.t be ;r,o. c 

iv.eariingíul ;.o ;,o;r.éWhdt modify the above measuring device. 

We are using not the difference betweei, the two magnitudes 

used by Feis, but the rut ¿ou.That  xhi& quotient provides 

a better indicator for qualified tien of labor than the dif- 

ference approach Mentioned,   car be deduced from the 

relationship observed between average incoine and average 

qualification of individuals (oee  Fig.   14). 

The wages of an unskilled laborer (Lu> depends on his quali- 

fication iqu)» which constitutes so to speak a minimun pre- 

requisite for the use of manpower in a given country. 

L * e Qu or In Lu = <îu (7) 

The analogous relationship for * skilled worker looks like 

this: 

L8 « e qs   or  In L8 * q$ (8) 

If we furthermore define the qualification of labor as the 
difference between afcills find abilities actually available 
and the *i»iaui requirements, we arrive at the following 
relationship: 

q « In Lg   -   4n L^     or   q * \%m <r~> 

This expression, however, is identical toi 

CS> 

A« Le ä n'mrnm #* *•*•«&*   (10) 

- "~r,*- f. ¡* * if,,".*•. 

quotient of actual total 

«EMS ¿if the 

MSjsjMSMsji M •HHsl 



il'      '.s        „ 

c í i „     ; * • 

.'•  vi    ;.;.<-• 

* :,e   li'.«.-    n : 

<-\c 1 v.J i n. t fio L. f      . , 

:.    >,.;,y   u: ,0,    ;.u..     i,,c_   i;(A'ii;,u:¿i:    o» 

o   ...   ifc5..;si,;   :o   -..M[;«,   and  sil.ii'y 

Ci *iei i ini,;:     nut   bu,    :   oi¡  di r Lor-c-r.eoi,   in   >¡u...l i : ; a . Í on . 

Tìiwf.e   otht.:--    •o::.;.o¡,c;,t      coi.'d   Le   due   e.   g.    tu  di f » cTv :.eoi. 

in  Cupii^ii z.irioM  or  u i s f .•¡•1j;¡t; u   in   th.;   i,a«.l ^fiction   oí 

u.d.,a¿c: ,o;.t.    :;>   su/v;;nir.^   up,   Wc   can   ¡scale    li„¡t   coj;¡;»ut i r.¿_   the 

iLcüurc   ci   i.uwìificuiioii   r.y   ti.e»  ubovv'  r.cti.^d  yield;,   indica- 

tors  accquoic  ür.a  us.ful   ir,   inter-branch   cooperative   studici.. 

The method   for úrri.vir.¿   at   qualified',ion  tMiatiuveo  described 

Can be  used   to estimate   the  amount oí   skills  of workers   es 

well as  for  the information processing  capacity of employees. 

In measuring  these  two magnitudes we aro  using an  idea  of 

Kildebrand and Td-Chun-   Liu  suitably ¿duptcd to ^  c.^«^, 

Hildebrand  and Ta-Chung  Liu,  however,   operate  by trying  to 

derive  a mca:,rr¿ for differences   in the   level  of technology 

from the  ratio  in whicli  workers and  employees  arc used   in 

the production process:   "The  task,  then,   is  to devise  some 

simple  proxy   or dummy  variables  that would   reflect  cnanging 

technology   to a significant  extent.   We  think  it reasonable 

to assume  that no important  change  in the  level of technology 

employed  in  an establishment  is possible  without it  being 

reflected  in  the following:   "...   (iii)  a change in the ratio 

of technical and professional personnel  to production  (ßanual) 

workers,   ...   reflecting   'technology intensity"»  (19,  p.t»0 s<j) 

Thus we should like to state that computations of the measure 

of qualification should be made fyr two groups: workers on 

•ÉÍ MB ....¿¿¿àfc1.feiJ 

ÏVÎ? ' 
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t.ìc  oro   «nd   «;,, ,   .cyot:: 
f..."Cl 

Ar. ¿ ,% 

• nu   u, 

. i ticen  to   \)Ki   4K. .;. .;;;,.   W(   L ,,,_, 

procès.s ir.j   c.-.^.ci.y.    in   o_L.; 

abic,   ever.   or.   ci,e   i; 

«bits to  weir ht 

ij•    1-,-J    i.-. :    j i, ; o:-.-.. ; ¡ ,;,,- 

)  ¡::--> e    s hi :,c   inaici:',   cur^r- 

f;^ t j.C>:if. 1    Jt'V.  i,     ;t    WOuld   i„:t:„   t. ci, ir- 

^...   w.Vbt   vuluc;   wnh   ::.,   r-^cure  oí   education   in 
the country  una.r con.iJer.non   (,c.e   equation   (IG)   ).   Tnis 
fißure would   then also   he   an   indicator   Í or   the   v¿;-yinC   bu;,: e 
or mininun  Qualification   oí   the units   of   social   in: ormation 
processing     <n  each country. For developing  countries  w,,  used 
literacy  as   this meaoure.   That the ability  to read  and  write 
is of decisive  importance   in this area   can readily  be   under- 
stood from the  fact,  that  each person possessing  this  quali- 
fication can communicate with any other  person simiíatíy quali 
fied  (leaving considerations like language barriers,  etc 
âsido).   A person thus qualified is no  longer dependent on 
personal contacts for conveying infornation - he becomes 
* »or. highly qualified  information channel.  The added con- 
sideration of this would result in making our indices compar- 
able between different industries •„ w.n   .> -i*f«r*nt 
countries. 

In contrat with the abova,  international coaparability of 
tha qualification measure partáining to skills is relatively 

raïiabla, without any additional information being required. 

fhmf in »uswing u?( *. ,hould likt tc catalog ^ ^ 

t**t would be actually required to quantify our function« 

1v£*\ of wages 

*«#í* '-,'. /> * • 
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for   M iKiuC 

_i(        •_ . ..;     . ,','    •"../.•¿'.L...-/ »  . Uli    o..    1 i.v.     il." 

-•.v..    ;••_      < ,   . . ;v, .. .,-t :.o¡.   if.   ...i  uxcv'1. lent 

•v     . ....    •.:%.-•:.   ,.-.<•'">   :<y   tl'n.'   rcuia   ol 

.   , . ' .,    ,.'...•:    (.'•),   J.-y   vi'., i n¿   ti."..c   ¿ones 

.   ._.    It _    „..vi   ....;./•/    .onsuír.uioa   ir:   tüe   ÜLA   írou. 

:bdO   to   -. îi -i íí   ¿;u:   i.,   i--   -'.i-rc-u   rtir.^ao.n   fui'   the   year.-,   from 

l8i.i   ro   1914,   sh./.v,   i:.vi«c:^ivi>Jy,    vh¿:   these   two ma^..i tuclec 

are «•xtreíneiy c.ouely   ri-Lil-'d.    ín   ..   i>j.rriiiur   study,   ojm 

Taylor   (¡>0)   «:cnons;rùt«-;,   "•••   tt.at   the  raount   of   active 

capital   .stock   (vi,-..    plv.r,t  <*nd r.iuci.incry  oxclutiir.,;   buildings) 

in five  i,¿in   industry   groups within  the inanuf f during   sector 

can be  accurately  estirr.aU-d for   the United  K   ngdom  fror, 

statistics   of industrial  electricity consumption".   This 

Taylor  explains as   follows:   "Industrial electricity  con- 

sumption  is  complementary to the   use of capital equipment 

because  it  is an important fuel   input.   Practically all 

»^v-jnioii   -,•--v\ i*.-   jjc'..' derived  fror, clcctr? ^*>i"v -^ 

From such  empirical  data, as well  as from our  own  investi- 

gations,   it  c¿n be  concluded that   energy consumption»  especial- 

ly that of electric   pow.:r,  is an  excellent  indicator for the 

amount  of capital  in  use  - also when it comes  to sector 

comparisons. 

If we use our experiences in international comparison as the 

point of departure  for a hypothesis on the  suspected relation- 

ship between economic  performance and energy  processing 

capacity,  then we may expect, that  - also on  the sector  level - 

relationships obtain which can be represented mathematically 

as a linear relationship between the logarithm! of  the 

variables   <e. g. valu« added and capital or energy consumption 

respectively). 
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Cü.._u.;.p    ' Oí:   i.: 

re. — t i Ottii.¡ j j i :   rute   o;    ch.j:.,. 

variabler;, ù..,. . ^st cy...jine T;.c;e tr.í.í„y :.;,.u .e: . i. . 

ir.ve;it::¡etK . ¿j^'o.,, ; ** o:n' w^nii. to ¿ut r.o.ri r,.i J. C.ì..:' 

stock tino CC;\:C:ì, Tt v/owd bt Ic^i for thir t y ,- > 

computation tu !,^vc ci one's dir.poo^l the : í¿j,u¿.v ; e. 

investment for a ¿ivt n ye«;r. üir.co, hc^ver, i fin-_ k.. 

data might be e^. tre¡.iuly hard to obtain, one shaK ;u-. 

content cr.tcclf with the figures for gros:, invent;..*-:: 

ever and whu^v^r additional capital btock tin.e r.eri 

available   they   naturuiiy  should  be   used   in  the   ii.vtt 

v.,-   to 

t.     Yl.cr-. 

Basically there arc tarce different wayo to estimate time 

series of capital in nioney value usine tne development of 

energy consumption over  time,  which also  laay  be  combined: 

If we know the money value of the  capital   stock ût a certain 

point  in time and  the development of energy consumption,  wc get 

to 131   estimation of a capital stock time  series by  the 
followin« orocadtir** 

ci k »j k * 
»i 

°i 
k. Hi^ (11) 

ei * Capital in teras of money value at period i 
»£ • Index of energy consumption at period i 

¿netti«* iweaibUity to deal with this problem is to use data 
far the development ef energy consumption end net investaent 
iê&ù, In $mt> mt investment is an indicator for the actual 
change in capital stock 1A teams of »oney value, which nay 
be related to the corresponding change of energy consult ion. 

4lf£    •    It    !*§,$§.*   H¿)    ««*      It-*   '•Wriiw|lll»"'iíl..i|i„ ~* 

»ag   •   net í»ve*t*entt ia the pwio4i 

ef • H«at (12) 

if- 

¡*äP~*>'- 'fiMr 
:-^-f¡4.f*Í 4££ft'- 



:or.-j t dr. t  e v ¿r   1 

•e   uoo¿   ìì;.".U   series   .er   energy  consumption 

.cT.ts  uaj   i-   moreover   Dase--  or.  tne  or.ly 

.he   ctor.c..-^:    ii:*tir.<¿   of   capital   goods   is 

t.   ;,.e   ;;toc<   o:  Ciccai   za:, be   ¿«en  as  tne 
-xrrercr.Cv   ;;t;wcen   t:.e   surrjr.ation o:   ¿rosa   investments   i¿ 

(cLrva  A)  ar.^   t..t   ^:.r,¿tion  cí  tr.«  worn  out  capitai   (tne 

v.o-p.-'ecidtior. u¿ ,0'urve L¡/   over   time.   The   assumption  of  -t 
corata-1  lire   tir e. ìpital  implies   that tr.e  curves 
A  ara   3  repraaer.t-.ng the   two   vàridoles   art  parali«!. 

—>-..' 

/ 

lì.  - 2¿* r - kc*. 

-   —t 

¿•iflf.   25; A m«t,hod for »ttimating oapital  9took timë ëtHti 

Koving B horizontally changes  th« lifatim« of capital which 
is reflected by a changing vertical distane« from A and B 
which  is a measure  for capital.  In this way w« g«t diff«rtnt 
possible time series for capital. Th« on« which h*pp«n* to 
be proportional to the time s«ri« describing th« develo*»«»* 
of energy consumption, will be th« b«st ««timet« of capitel 
stock  in terms of money valu«. 

In time series analysis,  th* ratio of «leetrical energy 
consumption to total us« of «n«rgy would seem to be « use- 
ful index for technologie«! progrwt (see p.    ), Accordingly, 

*--"• •'- 



in   w"-   ^">--^   "t'^wi,);.   . «.rcijüi;   ¡liUtrt..:   ned-;',   o;   r.cu^.r;;. 

capiíúi  nava   Leen   usoú   i or   CíOü-MA t:oi, 

-;i«r. iy«; j i,.    Ir»   l)Ot:i   („<..:;.'•.,   .:_   UL,C-   ...   ;.,L; ;^,; 

,j • •" •    - <> •     i. A ...t.'   s •-•: : u ó 
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of   vocal   energy   CA,r.:;urr,t>r ,or.   und   u..e  or   el,cnic   power   <is   indo. 

(13) ni 
a 

!Tii 
b 

Depending on whether wc are dealing with a cross-sect ion 

or  tiff.« scries, different values for a and b ¿ire to 

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

in the time series capital-induced technological progress 

becoir.es an additional influence. 

Summarizing wc need the following data for a quantitative 

description of the input factor capital in our function: 

I 

total energy consumption 

electricity consumption 

investment (gross investment i 
investment in) 

time series of capital stock 

I or net 

When it cones to measuring technological development we 
•heuld like to refer our reader to page 23 and to page 61, 
where different approaches to deal with this problem are 
described. 

a.i.l   (^nersl considerations 

T*m.m$Êtmmm(tytf,thm production factors e,uelifiaati©n of 
Sa&wr *nd capital can be achieved through the direct use of 
equate Upkt. fm"ff^9H tô th»t»the direct measurement 
®f th« influence of management does not seem to be possible 
«•* lack #f adequate *£»» We can, nevertheless, try to take 

,.>f 
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rrd   úJ the   residual ,',..;i..¿t;.'.ei)'i- .r.ca'-o«:   . . i , c.t.r.c>   i. s   mea; 
ja   a   cro^'i-^ci^G.-.u'.   ..r.alysi,   on   the   couatry   level:   If   the 

above  method   is   ui>cd   to dv.-.cr^c   the   influence   of  capital, 
qualii ica l iur.   of   laLor.dnd   r^w materials on     value added   , 
on   the  ba^ii,   of   an  equation  which   is   valid  for  all  countries, 
tnen   the  calculated  output   aoos   not  correspond   exactly   to 
the   actual  obsc..- vatior.i,   for  all  countries.   The   difference 
between  the  two     i.   e.   the  residual  of   the regression,   can 
be  explained by  the   influence of management  on  efficiency 
as  well as  by   the relative   influence«   of values,   patterns 
of  behavior and  organisational  form  in  the Greater Zones. 
If  the  latter  influence  is  to/eliminated, two possibilities 
offer  tnemselves:   The  residual can be  related  to th« efficien- 
cy  parameter of  the Greater Zones,  i.   e.  the  residual is 
divided by the  efficiency parameter for the  zone  in question 
(see equat.( 1)   ).   -  The other n.athod  involves   setting up 
du;r.my variables  for each Greater Zone describing  the status 
of  the  individual country as member of one of  the Greater 
Zones.   Theoretically 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 - a«  stated above -  "structure" 
(values, attitudes, organisation)  constitutes the average 
of the atmosphere  ("climate") prevailing in all the firm» 
within the Aggregate  (see chapter II/2.3.2). 

Hujx*tt 
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Measuring  technological   progrès,   in  c   sector  hîudy  model- 
led  after the  General  Production   Function naXes   use   oí   the 
residual   in  a   time   series   analysis;   This   residua]   contains 
both  the  influence of invention and   innovation.   (We   refer 
to the  residual  resulting  when one  uses  a  sector  production 
function obtained  by cross-section analysis  to  explain  the 
development of an  industry  over time.)   In order  to  split 
this rasidual  into its two components  we may proceed   -  in 
analogy to the General Production Function - as  follows: 

Th« worldwide average of the timi series residual is  closely 
related to «ha expansion of knowledge for ti.at  »«dor of 
production, while departures from this average residual 
valu« in the various countries must be ascribed to their 
respective propensity for innovation.   These changes fit 
corresponding changes of the efficiency parameter, which 
cannot be attributed to technological progress,  or, more 
•peclfically, to expansion of knowledge.  Rather,  these 
changes Bust be attributed to management and its ability 
to incorporate innovations into the production process. 
A» a vmmlt of thee« change«, a tiiae «eri«« of cross-sections 
•ft«*» e«üntry-»p«eiii© divergences irosi the «eetor-wide 

avarage of the #f#4©á#na* *a*«*atar diseus- 
•*<t under «/f.t.t alto «liaji»«, 

**/vT«V   •'     .i' 
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''.   'i-; c •   ,:ì_...  rfcls.tioiisii.ip oï   the Cenerai 

•:<•   'í   wc   ^<..,u;..¿   tha.   corr.tinir,g   the  factors 

leu..j  ti   country   to  conpete   successfully   on 

•n wc   ;-ay   use   the   relation of   factor  input 

of   fio.se  cojütrit ;>  which  ¿re  successful  in a   specific  sector 

to tvdluato the  opti;n¿l relation  in  that   industry. 

Such  data a&   tr.o  growth  rates of  exports  of  the   products  of 

d sector  to total  exports  of that country, or changes in th« 

share  of  a country  in the   international rnarket  for an industry, 

could  serva as   indicators  for relative success  or failure 

in  international   competition. 

Getting additional  information on the optimal  input .factor 

combination for different sectors will be a valuable contribu- 

tion to  the better unterstanding of the degre«  of sub- 

iti tutability  or complementarity between these  factors. 

3.   MODIFYING THE FORM OF SECTORAL PRODUCTION FUNCTIONS 

Taking irto account the considerations made in this last ct|»?t*F 
concern!nr th*? Treasure  .-*•        ~*      --T. «e têApI«iiAtory variables, w« 

»ay proceed to reformulate the Sector Production Function and 

write a.«  a tentative modified approach: 

in y « In k0 • la pa + x^ • k2q2 + k3b * k^ In e    <!*> 
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y value   addivi 

efficiency   pa ram-tor   ÍSüe   M/2. 3. 2   «;.,.   III/2.3./) 
skill   (r.«c-  II/?. 2 . ?  a^.c   :n/?.:> 
SU v;c   iruor-n.at:c:-.   procestii.;.   capacity   (see 
11/2.1. 3   and   III/?.a) 

b       s     measure   Tor   the  level  oí   education   of   the  dif- 
ferent   councries   (see   111/2.1/ 

c       *     capital   (see  11/?. 2  and   ÎII/2.'/} 

It  is to  be   expected  that  this   concept, too, will   have  to be 

broadened,  especially thr ,ugh  the  introduction of addition«! 

information concerning  the optimal  relation of  factor  inputs 

within sectors and  tha behavior of the function   if input 

cosfcinations daviat« from this optimum. At  this  point,how- 

ever,  it  U not possible  to ,-ive a mathematical  formulation 

for thee« aspects,  although we  expect  the  General  Production 

function to h« of use in the formulación 01   hypothecs. 

H.  CO«CLüDlMe RTMARK3 ON  METHOD 

AR investigation Into the aost iapo^tant determinants of a 
sect«» production funetiwn, too, should rely on the m*.i-bod-i 
*f ratearci» that hava bean successfully applied when estiaating 
ttw «enarri Frodasti on Function on th« country lavel.  The 
Individuai steps of our ero« country study become apparent- 
ili rif. SI. 
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Fig.   17:  A graphie summary  of methodology ''* 

The first etep    wHL oonëist of m»a»uri*tg capital 
(uëing energy and  inveetmsnt data) and qualification 
of labor in  two categorise and of trying to mëtinatê 
th» relation of th*»« variable* with »»otor output 
ba»»d on international oro»» emotione ni thin indus trieê. 
In etep 2 the »eotor production functions   (SPF I)  are 
estimated ueing the reeult» of etep 1 and the hypothe- 
eee derived from the General Production F notion.   The 
deviation» of calculated from observed value e are  u»»d 
for considerations concerning effioienoy.  Then,   in        «g 
step 3,  the eeotor production function arrived at in 
oroee station analyeit i» applied to time corico of 
the development of the »ector».   By ob »swing worldwide 
eeotor development and the different development o in» 
eide countries we may diffsrentiale between  techno lea 
progress and innovation.  Additional information oomêi 
from analysing oempttitiv» advantages  Finally im ê 
the information thue far arrived if hat to ho gat ho 
in a revised vereion of eeotor production funa ti «ne 
(SPF II). 
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It   iti   important,   however,   to enphas i /.o   ihc  nte^-îjy-stcp  r.viture 
of   our  method.   It&   b<iüic  principle   is   the   inicr.iij tior.   bt:i:wcer, 
hy?oth*SB¿;r.  ¿reived  at   in theory ür.d  the   espiriceli  testi;;&   of 
theso  hypotheses  .gainst reality,  which   in  turn should   lead 
to  ci  modification,   sophistication  ox   correction of the  hypo- 
thesis»  which  then ¿.gain,  in  iff. revised  form,  ir.ust be  put 
to  the test of reality, etc. 

This   kind of procedure can become  successful only if an 
extremely wide  scope of data is available.   In principle» 
on«   should attempt to check and test every assumed or found 
rolationchip empirically in a variety of ways.  Thus,' the 
goal   h«s to be an over-defined system of  information.  This 
requires not only the mustering of  sufficient empirical data, 
but  also - and  this is important - taking into consideration 
ell  previous studies which investigate more specific areas, 
as well as the results front consulting experts in various 
fields of specialisation. 

Thus ,  all the thoughts hitherto formulated and the hypotheses 
posed and assumptions mad« for the investigations of individual 
industries within the framework of our study should be con- 
sidered only a first cursory question put to the amount of 
empirical data that must be made available. Wi are dealing 
here wiwh 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, 
hotrover, that we have been able to establish a reasonably con- 
solidated point of departure for such an investigation,  sine« 
the assumed and suspected relationships are all derived fron 
observing and analysing the differences in the economic per- 
formance and their underlying causes. 

Mav«rtheless, it should be pointed out that we art not at- 
tempting to put - in this first step - a complete and complex 
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mocci   to   tini  tesi,  bui.   t.'.uit   wo .ire   ì.^rv  primarily  concerned 

w_th   ó;, Cv/o_ií.hi;\* >.r,d   ;>.•.': !a¿   the  v^rioui;   roicv¿(:.;   ir. ter- 

ccpoaconc . e.; and rcl¿t .or..,." ips .   Only ^..'icr   th<'   relationships 

of   the   individua,   factors   with  ccono.r.ic   output   have   been 

clearly   dí'.T.ü.x tidied,   car.   the   ceconci  utop  -   computation of 

a   corr.olex   rr.odcl  -  be   t.'kt:,. 

It   is   cor.air.tont with   our criterion  of over-definition  that 

such  an   investigation  is   to   be based    both     on  cros&-scction 

cor.parisor.3 as well as  tine   scries studies.   Cro'js-cec cior. ana- 
lysis   compares different  countries   in one  and   the   came branch 
of  production,  while the  time  series studies  are  to  compare 
the   situation of a specific   branch of production over time. 

Summing   up,  the nethod  of   investigation  suggected  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. 

•**," 
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