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THE DRIVERS OF PRODUCTIVITY

The paper is to demonstrate that productivity s Iblasis of all productive systems,
which are viewed as transformers of utility andueglsince the search for maximum pro-
ductive efficiency is necessary to reduce productiosts and thus produce value. After
presenting a coherent frame of reference, the drigé productivity are examined and then
the consequences of the continual growth in praditigtare discussed as well as non-
economic aspects are linked to the gradual imprevenm productivity.

JlocTipKy€eThesl IPOAYKTHBHICTE SIK OCHOBA BCiX BHPOOHMYHMX CHCTEM, SIKi pO3Iisija-
IOTBCSL B SIKOCTI TpaHC(HOPMATOPiB KOPHCHOCTI Ta IIiHHOCTI, OCKIIBKU IONIYK MaKCHMAaJIbHOL
e eKTUBHOCTI BUPOOHUIITBA HEOOXIIHHMMI TS 3HIDKEHHS BUTPAT BUPOOHUIITBA 1, TAKUM YHHOM,
otpuManHs LiHHOcTi. [Ticis aHamizy JiTepaTypH po3IIISIHYTO ApaiBepd MPOAYKTHBHOCTI, MPO-
QHAJII30BaHO HACIIAKH MOCTIHHOTrO 3pOCTaHHS MPOIYKTHBHOCTI, a TAKOX MPOBEACHO 3B'SI30K
MiX HEEKOHOMIYHHMH aCHEKTaMH 1 TOCTYIIOBUM ITi IBUILICHHSIM IPOYKTHBHOCTI.

I/ICCJ'ICZlyCTCS( TIPOU3BOAUTECIBHOCTD KaK OCHOBA BCEX MPOU3BOACTBCHHBIX CUCTEM, KO-
TOPBIC paCCMATPUBAKOTCS B Ka4CCTBE TpaHC(i]OpMaTOpOB IIOJIC3HOCTHU U LICHHOCTH, TaK KakK
MOMCK MaKCHMaJIbHOM 3(1)(1)CKTI/IBHOCTH IIpOU3BOACTBA HEOOXO0IUM ISl CHYDKECHUS HU3JCPIKEK
NpoU3BOACTBA U, TAKUM 06pa30M, TOJIy4€HHUS LIECHHOCTH. ITocne ananuza JIMTEPATYpPHI pac-
CMOTPCHBI HpaﬁBepH TIPOU3BOAUTECIIBHOCTH, IIPOAHATIM3UPOBAHBI IOCICACTBUA TOCTOAHHOTO
pocTa NPOU3BOAUTEIIBHOCTH, a4 TAKXKC MPOBEACHA CBA3b MCXKAY HEOKOHOMUYCCKUMMU acCIICK-
TaMH U NNOCTCNEHHBIM ITOBBIIICHUEM TPOU3BOAUTEIIBHOCTH.

Keywords: productive system, productivity, drivers of produity, hypothesis of
increasing productivity, employment, jobless ecogpdL classification: D24; L23; M11.
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1. Introduction. Productive Efficiency and Productivity

The European Commission communication to the Ewpp@ouncil
and Parliament of 21 May 2002, whose object wasd@ativity: the Key
to Competitiveness of European Economies and Erisespprovides this
definition: «In formal terms, labour productivitg the quantity of labour
required to produce a unit of a specific produat.the macroeconomic
context, labour productivity is measured as a cgisitgross domestic
product (GDP) per capita of employed populatiomd®ctivity growth
depends on the quality of physical capital, improeats in the skills of
the labour force, technological advances and newswa organising.
Productivity growth is the principal source of eoaric growth» [9].

If we let «i» stand for the average productivity of labour,(te
COM definition indicates the efficiency in the uséthe labour factor,
which is directly quantified by the ratio:

m:@:i: 1 (l)

whereQP is the volume of production and QL the quantityaifour.

| define productive efficiency as the capacity o tproductive
system to reduce the unit factor requirements aratiyctivity as the
capacity of a productive system to maximize thentjtya produced with
the minimum use of labour.

If we let «t=» stand for the average productivity of a gen&aator
«F» (used in a productive system for a defined guerand under
unchanging conditions) and generalize the aboveinitieh, then
productivity is measured through the following tedaship:

ﬁ:@:i: 1 (2)

which immediately shows that productivity is enlyrequivalent to pro-
ductive efficiency.

The search for increasingly greater levels of pobige efficiency
(and thus labour productivity) is undertaken by gfoduction
organizations or firms, since:

= as (2) clearly shows, the more productive efficiefmcreases,
the more production costs fall (the unit requiretsergF, fall), with
supply prices held equal,

= alternatively, we can neutralize the increaseshfactor prices
in order not to reduce EBIT;

= the lower production costs allow firms to obtaigher levels of
EBIT even without increasing selling prices;
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= firms can maintain or improve the levels of EBITsal by
reducing the selling prices, thereby undertakingtrategy for increasing
demand and reducing potential competition.

In fact, all production organizations pay particuttention to the
trends in labour productivity. «The ability to oltamore output from
given inputs of labour and capital correspondsrmath in productivity.
Productivity growth depends on the quality of plegsi capital,
improvements in the skills of the labour force healogical advances and
new ways of organizing these inputs. Historicgtisoductivity growth has
been the principal source of economic growth. I$ n@ade possible an
expansion of output, not just without concomitamreases in inputs, but
with important reductions in hours worked over timedium term. In
doing so, it has made a sustained rise in reanmesopossible» [10].

We can argue (as observation will prove) that ireaonomic system
with a developed network of production firms, eaghmoductive
organization has a higher probability of long-tesarvival if it produces
at levels of productivity at least equal to thodeother firms; in fact, to
survive, each production firm must try to improve éfficiency, and thus
its productivity levels [14].

This general behavior of every productive orgamniatesults in the
continual increase of overall productivity in theseem, thereby triggering
a positive feedback that leads to an increasingdtrigoth in the firm’'s
micro behavior as well as in the system’s macrobieindl4].

This increase in productivity becomes the dominamnomenon in
the entire economic scenario and ends up becomistiftitionalized; so
much so that | would not hesitate to describe itaatue hypothesis
concerning how economic man behaves.

Hypothesis of increasing productivity: the netwawk production
enterprises tends to achieve increasingly highezléeof productivity, but
it is governed in turn by this continual increasgroductivity.

| have tried to provide an operating justificatifim this hypothesis
by demonstrating how, from a typical holonic viewgo this increase in
productivity derives from the activities of prodist firms as a global
production network, the productive KOSMOS [15].

2. Explaining Productivity. TheIntrinsic Driversof Productivity

There are two questions which arise when analy#iegincreasing
productivity of labour:

= what does the increase in productivity in individpaoductive
systems depend on? This leads us to search fdadtars of productivity;
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= what do the trends in the productivity of the emtEconomic
system depend on? This leads us to examine thevamiotis behind the
continual increase in productivity.

In order to answer the first question — what ddes increase in
productivity in individual productive systems degeon — we shall use
the term drivers of productivity to refer to thoskeements, phenomena,
causes or variables that can produce an increa®®iand/or a reduction
in QL.

Though varied, the drivers of productivity can bbeuped into a few
categories which, though they interact, must bet lsgparate in order to
facilitate our observation, which is derived fromda&n Smith’s famous ex-
ample of the manufacture of pins to illustrate dldeantages of the division
of labour. «This great increase in the quantitywaofrk, which, in conse-
quence of the division of labour, the same numlbgreople are capable of
performing, is owing to three different circumstascfirst, to the increase
of dexterity in every particular workman; secondtythe saving of the time
which is commonly lost in passing from one speoiework to another; and
lastly, to the invention of a great number of maeki which facilitate and
abridge labour, and enable one man to do the wbrkamy» [18]. Follow-
ing Adam Smith, the authors propose this typology:

1. Passive drivers: these increase QP with QL ¢efdtant. There is
only one passive driver of productivity: fertilityy all its forms: the fertility
of land, water, subsoil; and natural fertility (thanks of the Nile) or artifi-
cial fertility (irrigated and fertilized land);

2. Active drivers: these reduce the QL needed ¢olyce, with fertility
held constant; there are three types of activeedsiof productivity:

= Skill; it is easy to imagine that a skilled fisheemor hunter can
obtain the same amount of goods in less time thiwerp less-skilled
producers; obviously, applying the same amountabbluir as the others,
they can obtain a larger quantity of products.

= Equipment; from the first chipped rock to modernchiaes and
digitally-controlled plants, equipment extends ttepacities of «human
hardware» (represented by our body, its limbs, amdbrain), reducing
the effort and danger associated with productiolenait the same time
rewarding skill. Holding the amount of labour ey#d constant, we can
greatly increase the amount of clothes producedisizgg a loom rather
than a crochet needle; with labour hours held eoristwe can increase
beyond measure the amount of arable land by usmgdern-day tractor,
which uses a six-bladed plough, compared to whataugd obtain with a
single-bladed plough pulled by a pair of oxen.slieBsy to imagine how
few cars would be produced without the modern rizedtassembly line;
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and the construction of three pyramids with theitiah equipment at the
time required more human labour that the constuactdf all of

Manhattan’s skyscrapers put together. We can easbognize the
progress computers and robots have produced wiland will continue
to produce going forward.

= Specialization; a characteristic of the organizatics the
functional division of labour; this means that eauwlorker in the
organization provides his skilled and equipmenedithbour to undertake
a specific activity.This specialization, togetherithw the equipment
available, further increases productivity.

3. Endogenous or psychological drivers: theseteg@sychological
conditions that lead man to supply his labour given organization; these
drivers can be divided into the following:

= Motivation; man is willing to supply his labour gnif adequately
motivated and if there are expectations that thils satisfy his needs or
motivations. At one time the main motivation wagy paither in the form
of wages, salary or profit; today other motivatipimgellectual in nature,
have been added to monetary payments: a job tlat giatisfaction is
often preferable to a better paid but boring onetivhtion drives man not
only to be more efficient but also to continuallain to improve his
preparation. Motivation not only is linked to a Wer’s personal and
family situation but also depends on individualsi@n» (improving one’s
status) and the collective culture (advance thaigrohe homeland, etc.);
this driver also includes the worker’s ethical tatlie toward his role in
production and toward time-wasting;

= Satisfaction; motivation provides work incentives inhan; the
initial motivations must be followed by satisfacatio that is, the
satisfactory achievement of motivations.

| shall define intrinsic drivers as those drivestdd above; these di-
rectly improve the worker’s performance.

Maximum productivity occurs when skilled, equippaadd organized
work, properly motivated and satisfied, is supplied fertile environment:
that is, when production is organized into produetisystems within
production firms and enterprises.

The primary challenge to developed economies villtd create the
endogenous drivers of productivity; that is, to ivete and satisfy workers.

Certainly the problem for the future (which alreadglay has become
a crucial point) will be to improve productivityrbugh the quality of both
products and working conditions.
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3. The Extrinsic Driversof Productivity

Along with these traditional intrinsic drivers ofqaluctivity, we can
identify other, extrinsic drivers, so called beauthey involve the
organization of productive systems, the environmwttiin which the work
is carried out, and, in the final analysis, thenfs policies regarding
increased productivity. These differ depending ba type of productive
sector and the type of production; among the maostortant are the
following (for a more in-depth economic and histaiitreatment, see the
vast literature on this subject-matter):

= Continual mechanization. Mechanization began withdrigins of
man himself, with the natural creative capacitytloé worker to produce
equipment, a capacity subsequently passed on tooif@nization as a
unitary system. In recent years this process heale@ated due to electronic
and computer technologies.

= On-line automatic control systems for processesne ©f the
factors that slows down work is the control funotidMechanization and
electronic technologies have automatized the cbufrgprocesses, with a
noticeable increase in labour efficiency in theduative system.

= Work environment: ergonomics. A well-equipped amgoaomic
work environment speeds up the execution of taskthé advantage of
productive efficiency.

= Advanced information systems and dematerializatibtaking
information gathering and access to data bases diatee thereby
increasing their quantity and variety, improves dieeision-making process,
facilitates the execution of tasks, and avoidsrertieat require control, with
a consequent savings in labour time in every plafs¢he production
process.

= Standardization and use of new materials. Desigpiegucts and
processes based on unified criteria, utilizing malg and components with
specific pre-defined (and thus interchangeablehdsteds conceived and
designed to make the processes they are used m efficient, speeds up
assembly work and makes it more precise, while aézhicing quality
restoration measures, thereby increasing the ptivitycof the entire
production system.

= |Increase in the speed of processes through: (&arstined
production and the continual improvement and ratiaation of the flow of
component assembly through the search for totdltg@and the application
of just in time [11]; (b) the rationalization of dstics and of materials
handling [5].

= OQutsourcing and decentralizing the search for prtdty to more
efficient units [16].
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= Progress in scientific and technological reseairciparticular the
development of systems of energy supply and thedymtive use of
energy, as masterfully demonstrated by Carlo M&ipolla in The
economic history of World population (1962) [8].

The improvement in productivity increases welfatg vhich we can
see not only in the spread and accumulation oftiv@ahong consumers but
also, and perhaps above all, in the gradual realudti labour times and the
improvement in working conditions [4].

We can add to our hypothesis about the increaggdductivity by
also including in it the continual increase in giyal

Hypothesis of increasing productivity and qualithe network of
production firms tends to achieve ever greater petdity and ever higher
levels of quality but is itself governed by the Bioned increase in
productivity and quality [15].

4. Several Non-Economic Aspects of Productivity

The search for productivity has such vast and wgriconsequences
on the socio-political environment that a systematnalysis, no matter
how concise, would go beyond the limits and objexgi of this short
paper.

Undoubtedly the most significant effect in termspwbductivity is
the institutionalization of «property». This instibn is linked mainly to
the discovery of fertility and the invention of épmnent, and its aim is to
protect the owner’s use of the latter.

It seems reasonable that whoever discovers a &damihg with fish
or land well-irrigated by natural waters will supphis labour to such
contexts; it is equally natural for the discovetertry to gain exclusive
advantage from the fertility by blocking others rfrdoenefitting from it.
Anyone who uses his labour to construct a machiileolwviously try to
stop others from appropriating it.

Deriving from the need to benefit exclusively fraauch factors of
productivity, property has become one of the moseply-rooted
institutions of any time or place in history. Weed only remember that
one of the Ten Commandments, «Do not steal!», ghtrhext to that
which says «Do not kill'». We cannot claim that pecty — whose genesis
and survival is probably also due to the territbnistinct characterizing
the behavior of all higher-order animals — is adirconsequence of the
production phenomenon, since this institution asises in areas where
self-production exists to protect habitations amdhishings, the factors of
production (cattle, stocks, etc.) and the factdrsomsumption.

Nevertheless, the fact remains that where produdsidacking, or in
ecological systems where it is confined to selfduction, property is
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limited only to factors of consumption. Propertyddnot exist in the

natural environments among the Indians before tteye into contact
with white men, or among present-day Pygmies, ifexelude equipment
needed for self-production or consumption process&isnilarly, there is

no property in communities with exclusively salgifiaims, such as
Catholic monasteries or Buddhist communities. Prypeas given rise to,

or at least greatly advanced, other phenomenatigadlinstitutions (the

clan, tribe, state), theft, the administration o$tjce, wars of conquest
and, above all, heredity.

Today the idea of property itself is widespreadhihareas («Don’t
enter my study and don’t use my computer», saysethployee, even
though the property claimed is not his) and oftemfased, or coupled
with, the idea of possession (my institute, my dagt my custodian, my
errand boy, etc.).

No less remarkable are the socio-political aspkcked to the other
factors of productivity.

For example, the search for skill, its improvemant preservation-
transmission gave rise to the great education pmce form of
transmission of knowledge, which has evolved frome tmere
observations of the apprentice in the master’s slok to the advanced
post-university and company training courses ohyodkill is the source
of greater productivity. As a result, along wittetheed for professional
instruction is that for confidentiality, secrecy, at least, the right to
exclusivity; and thus the need for corporations aeedified proof of skill
(from Giotto’'s O to present-day state exams, froptitade tests to job
competitions) and patent offices. However, the aspaf skill that
interests us here is specialization, since it is factor that has brought
about the transition from a self-producing and comgtion economy to
one of production and exchange.

Functional specialization is one of the factorstthes most
influenced the rise of productivity following theystematic spread of
equipment-aided labour initiated by the Industi@volution, even if
specialization has an easily intuitive «social spshasterfully illustrated
in the memorable 1936 film «Modern Times». Spez&lon not only
involves production operations but production emtises as well; in
particular, it facilitates the creation of entegms that produce only
equipment, components and components of componetts, to be
exchanged with factors of consumption obtained faiher enterprises.

Nevertheless, we must keep in mind that, if on tme hand
specialization is the result of the need for ineszhskill levels, on the
other the introduction of equipment has made & targe extent detached
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from skill, though still remaining a factor thatrcancrease productivity.
In fact, in many ways specialization has ended w@gking skills easily
transferable, even superfluous in some cases.

Equipped labourhas for many generations been confined to a
secondary role; only with metals technology hasigment been able to
bring an improvement to productivity by initiallyugporting skill until
eventually transcending it.

Whereas a hard-earned skill is needed to till #relIwith an oxen-
plough, to use a six-bladed plough pulled by a medair-conditioned
tractor requires a short training course and spegierator’s license.

If the blacksmith needs considerable skill to mite blades of a
scythe, to use an automatic scythe that can ma@3;uts an hour would
probably require only a brief training course. Tieed for equipment-
aided labour has considerably spurred, if not aetgd, technological
research and the associated scientific researd.itipossible to say for
sure whether the growth in technology and the fkhing of science is
the cause or consequence of the factors of prodiyctand equipped
labour, especially since the three phenomena -thegevith many others
mentioned above — are interrelated in a unitaryesysof action and of
economic, social and political thought.

| shall only observe that in ecosystems where teldgy is absent or
rudimentary production has not developed, the ca®vés also true. As
mentioned above with regard to property, in suthasions the economy
is centered around self-production.

It has only been a few generations, since the Imidlikevolution,
that capital has been used on a large scale. Fe m@n has searched for
equipment to increase the productivity of manudolar; it is only
relatively recently — if we leave out the abacubat computer technology
has developed to provide us with instruments theam iocrease both the
productivity of intellectual labour and that of égment. The age of the
robot is about to begin.

5. Tendency for Productivity to Increase

Let us now consider the second question raiseddtian 2.

The increase in productivity is continual and haws exponential
trend, which is certainly correlated to the exticndrivers of productivity.
Even if the expansion in productivity has been skvd, what is more,
has only consistently occurred for what historigali a relatively short
period of time, today it is undergoing an amaziegederation, spreading
wealth to all areas, reducing individuals’ needd asatisfying their
aspirations.
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The theory states, and observation confirms, tha. fProductivity
appears to be the fundamental variable that allos/sto observe the
productive system as a single, complex, self-ramdanetwork [15]
where economic units, motivated by wealth, and tpusfit, achieve
incremental progress in productivity in order tonegn essential.

But no matter how vast the wealth produced, howdahe quantity
and quality of needs that «productive man» is &blgatisfy, the rationale
behind production implies that productivity mustntaue to advance,
while the profit motive makes such progress vitaldnterprises.

The Hypothesis of increasing productivity and oaloperates
inexorably: the increase in productivity, as a gahetendency, is
inevitable in that it is part of the logic of pragtion itself.

Is there evidence that such an era is approachHmgs®inciple the
answer can only be ‘Yes'. Scientific research tewhnological progress,
made possible and necessary by the need for iretga®ductivity, have
reached such levels as to foresee an extreme Berigaproductivity:
zero-cost productivity.

At a theoretical level, both Alain Turing — the ater of the
universal Turing Machine, an abstract computing elddat can carry out
any properly codified algorithm whatsoever and eveproduce itself —
and John Von Neuman — who, with the aim of designénuniversal
constructor, created Cellular Automatons, logicalchines that can self-
reproduce (at least in theory) and solve computatiproblems — have
demonstrated the possibility of achieving self-iegting automatons.

On an applied level, the science and engineeringysfems has led
to the creation of robots than can carry out compkeystem-guided
activities (which do not even have to be that ssfitited) involving
electronic data processing that make productiorcgsses increasingly
efficient [6;7], along with a parallel developmeim artificial fertility
(biotechnology) [12].

There are around one million industrial robots e un factories
around the world, inrepetitive and dangerous wonkimnments. “In
terms of units, it is estimated that the worldwisteck of operational
industrial robots will increase from about 1,02@7anits at the end of
2009 to 1,119,800 at the end of 2013" [17].

The entire World Robot Population will reach 8.6limn, and it is
not pure fantasy to believe the production of rebwsill be carried out by
robots themselves as part of a close-looped teolgiwal chain that
produces a positive feedback for continued techgiodd improvement.

It appears that strenuous, and thus tedious hurabout, both
mainly manual as well as intellectual, will be rag#d before long by
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mechanical operations. Thus, the active factorrofipctivity appears to
be less and less necessary for production. In ipliyceven fertility may
lose its role as a factor, even a passive onerarfyztion. In fact, fertility
is justified when the abundance of resources itageareas allows labour
to be saved and/or production to be increased. nAmy machines are
used to search for and utilize natural resourceslamour time no longer
represents a cost parameter, then even fertilitybgicome only a distant
memory of man’s condition of need.

6. Conclusion

The continual activation of endogenous and exogemnfactors of
productivity will produce increasingly higher legebf productivity and a
gradual reduction in the amount of labour neededhtain the goods
necessary for our existence.

Already today the reduction in labour can easily d#en in the
following phenomena:

= anincrease in the age when people begin their wgrkictivity
(raising of the age for compulsory schooling, i@ in schooling, etc.)
[13]

= areduction in the age when work activity endsifeetent)

= areduction in the average annual working daysg@gotolidays)

= a reduction in the average daily work hours (shuate work
week)

= anincrease in non-employment (unemployment, delayed
employment, and layoffs due to redundancy).

The increase in productivity makes wealth more b, while also
translating into a gradual reduction in the laboeeded to produce.

If the increase in productivity over time represera trend
(hypothesis of increasing productivity) and ther&ase in wealth is
viewed as progress, how then can we counter thanfahe quantity of
labour needed for production and ward off the fedrthe jobless
economy?

Although some have a pessimistic view of globalmaf2; 3], this
phenomenon is developing rapidly, with the econoayy a whole
becoming a network of interconnected organizatithreg form a unique
global production system. The world of the netwoiksleveloping. The
computer revolution has only just begun, and itsvettgpment is
unpredictable. The economic system is increasinglgre integrated:
firms and manufacturing companies form a singlegritonnected network
[15].

The only firm in existence will be the entire netlwowhich in spite
of everything will also be governed by the law éreasing productivity.
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