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Abstract
On an example of two hotly discussed concepts ofakgapital and
proximity we demonstrate usefulness of systems agmbr in social
sciences. The paper is self-contained and doseqoire any previous
grounding in systems analysis. In the first parth&f paper, we give a
short description of main relevant techniques usexystems analysis.

The main objective of our work is to provide thethodology for an
assessment of the value of social capital of a broadly viewed as a
profit or non-profit organization. Next we use owmethodology in

evaluation of the utility/value/volume of a giverrogimity and

demonstrate that these two concepts are very maleVde describe
two models, introduced by Walukiewicz, for an as@yof both social
capital and proximity: the accounting model (parb} and Virtual

Production Line (VPL) as the managerial model (ghree). The
paper contains the main results of such analysigetisas examples of
using VPL in analysis of social capital and proxymin different

sectors (part four).

In conclusion, we present generalizations and maitkome future
works on the analysis of social capital and progmi

Key words: Systems approach, social capital, proximity,
value/volume/utility of  social capital/proxityi

1 Introduction

The main objective of this paper is to demonsthater systems approach can contribute to
better understanding two concepts: social capitdl @oximity. The first is among the most

hotly discussed concepts in social sciences thags, danking as high in importance as
economics, management, sociology or political smenand we will demonstrate that the
second is very relevant to the first, and, moreovére concept of proximity is useful in

analysis of such complex notion as social capital.

The number of publications on social capital iswgng rapidly. In 2000 — 2005, more than
2,000 papers pertaining to this issue area werkghll and filed in ProQuest, SocioFile and
SocioINDEX databases. The World Bank and otheritgpeconomic institutions, or even
individual scientists, have developed websitesottect and disseminate relevant information.
Despite massive popularity however, until now, tendard definition of social capital has
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been clearly coined. More than that, many autheig, Arrow [1] and Solow [2] and Sobel
[3], to name a few, find it misleading, confusing @ bad metaphor. See Powar [4] and
Quibria [5] for the most recent and detailed analysf what meanings arose around the
notion of social capital. Below, we claim that & & definitional questions and confusions
related to the matter at hand are tightly conneuatigal the problem of how to evaluate, asses
and measure social capital of a given firm, regiorcountry, either it in volume or value
terms.

The concept of proximity was introduced and depetb by the French proximity school
(Torre and Gilly [6], Torre and Rallet [7], Torr8][ Rallet and Torre [9] and more recently
studied by Menzel [10]). We introduce a conceptVatual Production Line (VPL) as a
managerial model for social capital analysis anomshow VPL can be used in proximity
studies (see also Walukiewicz [11] and [12]).

The paper is self-contained and does not requmg @evious grounding in systems
approach. In Section 2 we provide a compact dasmnipf the main techniques of systems
analysis, illustrated by examples from economia management. For better presentation of
our reasoning we use figures, mathematical formatakcharts. We introduce the concept of
orthogonality (independence) of inputs or (explangt variables and demonstrate how
important it is in social sciences, in particularanalysis of both social capital and proximity.

We introduce a firnf, by which we understand any profit or non-profit amgation, where
people (workers, partners, etc.) combine their reffdo achieve its more or less clearly
defined objectives and whose strivings can be miedswith certain accounting systems. Our
firm F can be an industrial/service company, researchidbng institution,
university/school, sports club, professional/podtiorganization, etc. We show in Section 3
that the term “social capital” is correct and nasleading. We argue that it is one of four
possible forms which make up the entire capitalfioch F and should be measured in
monetary units, as three other forms, financiaysptal and human are.

In Section 3 (see also Walukiewicz [11] and [1®p introduce the accounting model for
social capital analysis and demonstrate that thtipa the entire capital of into the four
categories above leads to new, interesting reamiiscontributes to better understanding of
the concept of social capital. Next, in Sectioruding the concept of VPL we demonstrate
that there are four forms of proximity, mutuallysjint or orthogonal to each other and give
some examples of applications of VPL. Thereforexjpngy, like capital, is a four-
dimensional concept. We extrapolate our findirmgghe regional/national level and formulate
suggestions for further research in final conclosio

2 Systems approach

Researchers always work with models of reality, wibh reality as such. The main doubt is
then how confident one may be that the model adl limrelevant enough. How useful it is in
scientific studies on reality? Modeling, or buildimodels for scientific research, is in
common belief an act of art and is governed byadeneral principles. The main principle
says that it is a stepwise exercise in which onginsewith a general model, vaguely
addressing the piece of reality concerned, and toemes up with more adequate and precise
models as they proceed to more advanced stageswBeé describe systems approach
technigues applicable in such modeling. In theofeihg Sections we present two models for
analysis of social capital and proximity.
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2.1 Main techniques

Input-output analysis is a key technique used Biesys research whereby a piece of reality
(in the case hereof, a firm or region/country) isdelled as aelatively closed systenmwith
inputsx and outputgy, relations of which are investigated (see Fig.The system is called
relatively closed because we assume at one pa@hittinteracts with its surroundings, that is
to say the rest of the world, only through its sfged inputs and outputs. We may choose to
increase the number of inputs/outputs as well as@h their specifications down the road.
Anyway, we will always keep in mind the well knosystems approach) principle: from the
general to particular. The main question of systamgroach lies in relations between the
inputs and outputs or, to put it otherwise, how slgetem in hand transforms its inputs into
outputs? The answer is twofold:

i) Function f. We look out forfunction f, if possible expressed by a mathematical formula,
such thay = f(x). Below we consider two examples of such an approach

i) SubsystemsWe define asystemas a finite set of constituent elements cafleldsystems,
interacting to achieve a supreme goal of the systenterned. In this approach we look to
identify subsystems filling the box on Fig. 1 aniahdf out how they interact in the
transformation of inputs coming up into outgoingtpuis. We will look in detail at this
approach in Section 5.

The rest of the world

Country
Region

Input Output
mputx [ >| .. . | > Outputy

e Functionf e

/ 3
/ Export \Import
°

The rest of the world

Fig. 1 Economy at different levels as a system

Example 2AThink of the national or regional economy as daeyswith three inputs: labd,

capitalC and technologyl, andGDP (gross domestic product) as its output. UsingGbbb-
Douglas production functioh (see e.g. Sachs and Larrain [13], p. 430 for Btaie may
approximate the value @&DP in monetary units as a function of the number ofkersL,

the value of capital C and the production technglogefficientT, 0<T<1, namely

GDP =f(L,C, T) =LC"". (1)
This is an example of a multiplicative functiontesf used in econometric models.

Example 2BIn the expenditure approach ®DP, its monetary value (for details see Parkin
[14], p. 498), depends on four input variables:spaal consumption expendituxge, gross
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private domestic investmenry, government purchase of goods and servigesd net exports
of goods and serviceg, namely

GDP =f (X, X, X3, Xa) = X1 + Xp + X3 + Xa. (2)
We note that the net exports represent an interaci the closed system (national economy)
with the rest of the world and may be positive egative, as

X4 = value of gross exports — value of gross imports.

In (2) the functiorf is additive, as always is in accounting modes.nBb®ugh in export or
import relations one actor is located elsewhereahim rest of the world, i.e. outside the
considered closed system, we always count the pofpsuch a relationship, i.e. its positive
or negative result, as relevant to the system ucaiesideration.

2.2 The orthogonality of inputs

In the above examples, the inputs are multidimeradjan Example 2A — 3-dimensional and
in Example 2B- 4-dimensional, while the output iscalar (1-dimensional variable). Such a
situation is very typical in systems approach. Wseove that these inputs are orthogonal
(perpendicular) to each other or they are mutudigjoint as they describe reality along
directions (axes), which are orthogonal to eaclemth can be easily seen in Example 2A, as
nobody will mix people (labour) with money (capitaC) or technologyl. Things are much
more complex in Example 2B, but orthogonality gbuts or the fact that they are mutually
disjoint is manifested in that GDP is calculatediagt the accounting model (balance sheets),
where every item is taken into account once ang onte in computingy, ...,%.

To demonstrate the importance of the orthogonafiiyputs we consider the following other
example:

Example 2CIn Fig.2 we present the results of a hypothetgrakidential election forecast.
There are two candidates, denoted on &xes A and B. Let the poll results be that:#42%

for the candidate A and 48 3% for B, with 10% undecided. The results aloggre given

with zero error (tolerance), that is they are ascise as possible, while aloxg a certain

amount of error is allowed which cannot be reducezkro because the poll represents voting
preferences of a small portion of all potentialerst even though selected in a scientific-
based way. Besides, some of them can change thar lmefore the election gets under way

or lie for one reason or another. We note thateiesing the amount of error, say frai3%6 to

+2% will, in general, require a lot of investmentterms of effort, money and time. We

conclude that in social sciences some variableslar@ys measured with some nonzero error
(tolerance).



Technical University of KoSice, Faculty of Econonts

2" Central European Conference in Regional Scien€ERS, 2007 —-1161 -
&
B - << - < £ m £ o C Lol
B0 b= mm o m e e e e e e e e e ) - e %?@ ________________________
B o o m e n oo e
45% A mmmmemmmecmmmmmmmemmmeme e e —— e e mmmmmmmmmmmmmmm———————— _.3.0.,&' .........................
+3% :
a2% 4
T [T

¥

Candidate A Candidate B ®y

Fig. 2 Election results forecast

Let us assume for a while that measurable congescial sciences, such as social capital
are described by two criteria (variableg) and x, measured with tolerancdx; and dx,
respectively. If these criteria are independerdisjoint, as illustrated by the orthogonality of
the corresponding axegandx,, then the concept we are interested in may be repted in
Fig.2 as point X or Y, within the rectangle ABCDytlmot point Z because it is outside this
rectangle. As our knowledge about the concept asgg, then the tolerancgs and/ordx
shrink and our rectangle will grow smaller. Ultiralgt it will become a point, which will
mean that we have arrived at the precise defindfonhat we investigate.

X2 A < X|2
B C
a
/ X
dX2 S , [ J Y o Z
/ [
Y —
E A D
< EX;

Fig. 3 The concept in social sciences described twyo criteria x; and %
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What happens if the criteria are dependent, ngoidisor the corresponding axes are not
orthogonal? In Fig. 3 the new ax$, is denoted by the doted line and the angle is now
strictly less than 90 Then the concept at hand is located somewheieitrapezium EBCD
and, more importantly, the dependence of critem@duce an extra errobx; (see Fig. 3).
Now, the total amount of error alomgis bigger and equakEx; = dx; + Dx;. Similar things
happen when the angle is obtuse and there are thremmetwo criteria describing the concept.
We may therefore formulate as follows:

Remark 1 The dependence of criteria (variables) inducesaestrors.

Without orthogonality of inputs the research resbutputs) are burdened with additional
errors, which makes analysis (statistical, clugtier) more difficult and conclusions much
weaker. It happens when e.g. answering a quesir@nnave note that answers to, say,
question 17 is relevant in connection with, sayesion 10, already done. In Conclusions we
make a recommendation how to avoid such pitfalthédesigning of questionnaires.

3 Social capital

The entire capital (all assets) of a typical firour( firm F) is too complex to analyse it as one
entity. Dividing it into two forms (parts), callgdngible assetsandintangible assetsis still
too complex. On the other hand, we are not incliteego into too much detail and, more
importantly, we want the forms of capital to bejaist, independent or orthogonal in the way
it is construed in Section 2. Below we divide #wire capital of firmF into four forms
(categories, parts, components), show that suchisiah is a new quality and a source of our
new results. At the end of this Section we explahy the division of the entire capital into
three forms is not interesting both from theoreteral practical point of view.

3.1 Indicative description of four forms of capital

Since firmF as profiled in the Introduction thereto is almasy organization, then the above

four forms of its capital cannot be defined in an@ee, scientific way. We prefer then to

describe them in an indicative way, featuring thestimportant aspects of each. We hope
that this indicative description can be appliegiactice as well. The four forms in question

are as follows:

1. Financial capital (FC), made up of short—term and long—term finance (gpviloans,
sale of stocks, sale of bonds, retained earnirgs & value, denoted agFC), can be
calculated for any moment in the past and presera aum of all components with a
corresponding plus or minus sign and includingszalint rate. Different currencies can
be converted into a target currency in a standaagl. idata for such calculations of
V(FC) in the past and present are available, in generahanking and accounting
records of a given firm. Future value of financadpital can be calculated using
techniques of short-term or long-term financiakfmasting.

2. Physical capital (PC) comes in the form of buildings, machines, infrasture,
equipment, row materials, products, furniture, cateps and software in its
materialised form of license documents, etc., @lectively known as tangible property.
For the purpose of this paper, we generally assiimaethe value of physical capital,
denoted as(PC), can for any given moment in the past, presenuturé be calculated
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or assessed in a reliable way using accounting ameestment planning
documents/statistics as well as amortization tepres.

3. Human capital (HC) is derived from competences, tacit knowledge, egpees, skills,
education, training, etc. of workers considereddmssrete individuals. The value of
human capital of a firmy(HC), is a subject of debate among practitioners and
researchers (see e.g. Lin [15], Edvinsson [16], unitl now, in contrast to the two
above forms, there is no standardized, commonlgm@ed way of calculating or even
estimating v(HC). No doubt,v(HC) is closely related to compensation for the work
done, its volume (time), intensity, quality, comglits etc. Education, training,
experiences, etc. from the past and present argeneral, investment for the future.
Edvinsson and Malone [17] suggest measuvi(igC) as a lump sum of compensation
for all or specific work, e.g. of experts, in anfirthroughout the employment time,
including corresponding discount rate. This formutdwithstanding, we assume for the
moment that we can somehow asgg$C) for the past, present and future of fifnand
will come back to this question by the end ofstBection.

4. Social capital (SC) which is composed of formal and/or informal relas among
workers, teams, organizational units, etc. withifirm (internal relations), as well as
formal/informal relations with customers, supplierdbanks, regional/central
governments, R&D institutions et@xternal relations). All these relations set the stage
for so-called organizational culture viewed as aolpof formal/informal rules,
principles, behavioural standards, conduct proesjwetc. Clearly, such relations lie at
the core of the study herein. We define each melatas a two argument function as it
describes interactions (cooperation, joint actiogts, — elements opositive social
capital as related to the firm’s objectives, but also argats, personal fights, etc. —
elements ohegative social capitgl between two actors (experts, team of specialists,
members, etc.). The output (result) of such intevas at present depends largely on a
history of a given relation in the past. Similarfyture interactions and new relations
depend on the past and the present of them. Tads l® the conclusion that the past,
present and future value of social capital of anfiv(SC)- and this is the primary
subject of this paper - is the aggregate sum afesbf all such relations. We assume
for the moment that we know how to ass€SC) for the past, present and future, and
will come back to this question at the end of Bextion.

The above division serves only as an illustratienduse it is extremely difficult to provide a
definition of any form of the capital of a firm g@nerally defined as the one provided at the
beginning of this paper. For the same reasons,seeatc’ in the above definitions.

One can easily deduct from the above our sociakalapecipe.” We first slice the firnfF
assets into tangibles and intangibles. Since anguat or banking product can be converted
into real, touchable money, we consider all finahdapital of firmF as tangible assets.
Similarly, since for any legally bought software matent we have or always could have a
corresponding licence written on paper (a matehiedg), we count software and patents as
elements of physical (material) capital of firlh Among all tangibles we distinguish
financial capital as elements of monetary (finahaature and call the rest physical capital.
As financial capital is measured in monetary ursitsywe measure physical capital in the same
units using known amortization methods. Among rfaingible assets we distinguish human
capital as a resource associated with people (w&rkeonsidered as discrete human-beings,
with their ability to think, cooperate with eachet, express emotions, etc., and call the rest
social capital. As human capital is closely relatedthe work of workers, measured in



Technical University of KoSice, Faculty of Econonts

2" Central European Conference in Regional Scien€ERS, 2007 —-1164 -

monetary units (see point 3. in the above defing)pthen we would like to measure the value
of social capital in the same units. But as thiesion is much more complex, we will often

first have to asses the volume/value of socialtahpising points, rankings, etc., and then
somehow convert them into monetary vahi8C).

From the above considerations one can easily cdadlat tangible assets are disjoint from
or orthogonal to intangible assets. Next, amongibde assets we, generally speaking, call
financial capital anything that can be depositedbanking accounts of firrk and call the rest
physical capital. Markedly, financial and physicabitals are disjoint or orthogonal to each
other. As we go on, anything among intangible asstfirm F that is in the heads, hands and
legs of workers viewed as discrete human beingsldvbe human capitalThe rest that is
associated with internal relations of at least tmarkers of firmF would be called social
capital. Interestingly, workers of firfa take their human capital home, while social céjsta
left at work. The latter is tightly connected witthe spirit of firm F”, both in positive
(dedication, trust, honesty etc.) and negativeesgpsrsonal fights, distrust etc.) The external
relations will be dealt with in this paper in eXgcthe same way as export and import in
Example 2B (see also the next Subsection). So, hurapital and social capital are disjoint
or orthogonal.

We can therefore formulate as follows:

Lemma 1 Financial capital, physical capital, human capatiadl social capital of firnf, once
viewed in the above indicative way, are mutuallgjaint or orthogonal. The division of the
entire capital of firnF into the above four forms is ipartition.

A graphical representation of this statement givefiig. 4 below

Entire capital of firm F - V(F)
or megafirm MF (see Section 5- V(MF)

Tangible assets Intangible assets

V(TA) V(ITA)
Financial Physical Human Social
capital capital capital capital
V(FC) v(PC) V(HC) V(SC)

Fig. 4 The partition of the entire capital of firm F or megafirm MF (see Section 5)

While in Section 5 we continue to address the iglatbetween the four forms of capital we
will finish this Subsection with the following obsation: presently there are 10-20 different
categories of financial capital, though in poirdfithe definition herein only 5 are mentioned.
Although their number is slowly growing, it is inoparable with practically uncountable
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number of different categories of physical capigimilar finings are reached when human
capital (6 categories mentioned in point 3 of tlkeéirdtion) is collated with social capital. In
Section 4 we demonstrate that such practically uniable diversity of social capital relations
can be divided into four disjoint groups.

3.2 The accounting model
The value, and more general, the volume of anypeffour forms of capital as defined above
can be assessed or measured in one of two prinega:

1) As astock — a quantity that exists at a given moment of tinfer instancey(FC,t) means
the value of financial capital, measured in monetmits, at a given momente.g. at the end
of the yeat.

i) As aflow — a quantity per unit of time — we will denote &réC,t) for financial capital
per, say, one yearand define it as

v(FC,t) -v(FC,t -1)
V(FC,t-1)

wherev(FC,t-1)denotes the value of financial capital at the efnithe previous year. So, in
the above example(FC,t) defines the percentage increase or decreaseud vélfinancial
capital in yeat against the value of financial capital in the poeg yeat-1. We will call
r(FC,t) thefinancial capital ratio for year t. In many textbooks on economics only the
numerator, i.ev(FC,t)-v(FC,t-1)of (3),is taken as the (absolute) measure of a flow under
consideration, which is useless in comparisonthi;paper we will always measure flows
using formulas similar to (3).

3)

[(FC,t) = 100%,

Obviously, these two quantities are related: ifkimew the stock of social capital at the end of
yeart-1, that isv(FC,t-1),and we know the financial capital ratio for y¢athat isr(FC,t),
then we can compute the stock of financial cajpitdhe end of year namely

r(FC,t)) (4)
10C%

Similar considerations and notations are validifierthree remaining forms of capital. All
these ratios are expressed in % and can be positivegative.

V(FC,t) =v(FC,t -1)(1+

By V(F,t) we will denote the value of firfa at timet. It can be established in two main

ways: For firms listed at stock exchangég;,t) equals the number of issued stocks times
their stock price or (the second wayJF,t) is established as a result of negotiations between
the seller and the buyer (see Walukiewicz [12]details).

Since the entire capital of firfa is partitioned into four forms (see Lemma 1), @@ c

propose the following formula (5)

V(E.D) = V(EC,1)+ V(PC.1)+ V(HC. )+ V(SC.1) )
for any moment in the past, present or future of fifm
We will call it Fundamental Equation as it forms a base of tlEcounting modelfor social

capital analysis. The formula says that in markeinemy, under the equilibrium conditions,
when demand equals supply, the value of a fi¥mequals the aggregate sum of four
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component values of its capital: financial, physibaman and social at any momermf the
firm’s past, present and future. For instance, fanmehtal Equation was not valid in the well
known case of Enron, since than the equilibriumdittions were disturbed by crime. ‘The
past’, ‘present’ and ‘future’ references vary bynfiand sector. We will also call (5) the
accounting model since we use accounting methodgetniques to calculate or asses the
four values concerned. The Fundamental Equatiansaygs that both the value of a firm and
the four forms of its capital amulative, i.e. their values (stocks) are changing gradually
in the past, present and future. Further on, weupstte as follows:

Lemma 2 In one-person compamnySC) = Q i.e. there is no social capital.

It takes at least two experts, two staff membexr®, organizational units, etc. to build any
relation in a firm, a basic element in evaluatidrv(&C).We observe that theynergy effect

the basic concept in management science, appebrsvban there is cooperation of at least
two people, that is when(SC)> 0. External relations of such one-person company ldhosi
taken into account in evaluation of its human @p#s exports and imports are considered in
evaluation of GDP of a given country or region (Ssetion 2.). To sum it up, there is no
social capital in one-person company, its intareggssets consist of only human capital and
the value of its human capital is dependent orstbe and amount of such external relations.

One-person company with it§SC) = Oplays the same role in economics and management
science as temperatWeC - the freezing point - in physics. So, we concltitv(SC)> 0 at

all times. Similarly, we hold that(HC) > 0 (Walukiewicz [12]). The value of financial capital
can be negative in case we have debts, loans,Thtc.same can happen to the value of
physical capital when, e.g., the cost of utilizataf used machines, computers, etc. needs to
be accounted for. Let(TA) be the value of tangible assets of a firm &{dA) be the same

for intangible assets. We conclude as follows:

Lemma 3
a) Since v(HCY» 0 and v(SC} 0O, then v(ITA) = v(HC) + v (SG 0.

b) Since v(FCE0 and v(PC)0, then v(TA) = v(FC) + v(PC¥O.

3.3 Remarks

3.3.1 Decoupling We will use the concept of one-person company inamalysis of social
capital in multi-staff organizations such as unsies, research institutes, etc., where
professors, top experts etc. form, in fact, redeanmits working as one-person companies.
Specifically, in stage one of this analysis we veiisume that a given university, research
institute, consulting company etc. is a set of gigaar number of one-person companies,
each with a corresponding human capital and antainmcrease it as much as possible -
though, at the end of the day, all contributinghe prestige, reputation, etc., of their parent
institution, generating new projects, contracts, ftnancial capital) and possible investment
in physical capital. Such an approach is calledyistems sciencedecoupling. In the first
stage of the analysis, then we will assume thatbwoye relations are negligible, while in the
next stages we will address them as a matter afgoyi importance. The question of what
actually is important and when lies in the essesfceystems analysis which is sometimes
called the art of modelling.
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3.3.2 Examples from sportsRelations between the above four forms of capdaal even be
better seen in a sports club. Take Manchester tdnitee of the richest football clubs in the
world. Each of its top players represents bestityualuman capital (skills, experience,
competence, etc.), sufficiently well defined in retary terms during so-called transfer
periods. Each player can be considered as a oserpepmpany - though, in fact, he has a
personal manager, lawyer and secretaries - withbggctive to increase its human capital as
much as possible. Thus we obtain data to estim@€,t) of Manchester United for anty
from the past and present. At training playerstéryncrease their human capital even when
they work out a collective action and a match isomparison of social capitals of two
competing teams at a given moment of time. To rwrenreliable comparisons, different
rankings and statistics (regional, national, indional, seasonal, historical, etc.) are held. If
players do well together, then the social capifathe club is high in terms of value, with
obvious implications for its financial and physicalpital. And vice versa, one, single player
can play brilliantly and his/her human capital nteeythe highest on the sport arena at a given
t, but his/her team is losing out because the saeipital of the competitor is higher. The
history of team sports is full of relevant evidendé the club is listed on a sock exchange,
then we know its valu¥/(F,t) for any past or presemt and using (5) we can calculate its
social capital value as

v(SC,t) = V(F,t) - v(FC,t) — v(PC,t) — v(HC,tjor anyt from the past and presentfaf

3.3.3 Evaluation of human capital and social capitaWe follow the principle: from the
general to particular and note that both valudsunfian and social capital are mostly made up
by top experts, professors, specialists, etc., wiwve already observe aboveor instance,
V(HC) can be gauged by calculating the amount of cosgi@n of top experts, professors,
etc. Additionally, we may study indicators from called professional (academic) market,
where human capital of experts, scientists, etaldcsomehow be estimated, mostly in an
indirect way (academic market knows who is strond & what subject) or directly, by way
of e.g. expert ranking lists. We observe now tbatrhanagers are changing jobs the way top
sports players do.

In common belief, the market value of Microsoftaknost entirely defined by its 50 top
experts (software engineers) or so. Thereforehenfirst attempt to calculate the value of
social capital of Microsoft, we evaluate relatidvetween these experts only (for instance,
what projects they participated in and how thesgepts contributed to the value of the firm
in the past and present and how they will affechstalue in future). So, instead of assessing
all possible relations among 76,000 Microsoft waosken the first step of our analysis we
study such relations only between its 50 top espdfinally, if we assume (see the above
Remark) that the value gap is almost entirely cedeoy v(HC) and v(SC) then we can
calculate their values. To do it, we need to ehpk.g. by experts the relation between them
(see Walukiewicz [12] for details).

3.3.4 Different frequenciesConsider once more the Fundamental Equation anehabshat
the values of its right hand side are changingeneral, at very different frequencies: Due to
the modern computer banking systems we can regstgrchange of(FC) in seconds or
even nanoseconds, but whatever the changes in ah®e wf physical capital, they are
registered only once a year because of used amtotiztechniques. Also contracts with top
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experts (human capital) are usually signed for gjeand the projects are evaluated on the
yearly basis (social capital). Therefore, in th@lmation of the Fundamental Equation in a
particular sector or company, using certain smogthechniques, may be necessary.

3.3.5 Why four, not three? A question arises why not bind human and socigitah
together, call them intellectual capital, and tleralyse three capital forms instead of four.
There are three main reasons why not: first, thehaamlogy we adopted leads to new
interesting results as formulated in Lemmas 2 aati@/e; second, it has its own appeal and
structure; third, it can be used to describe a mama model for the analysis of social
capital, which will be discussed in Section 4.

4 Proximity

To describe our next model for social capital asiglywe need general information about an
assembly/production line, which we would like topkn with an example from the
automotive industry.

4.1 Classical production line

Before 1915 cars were manufactured in so-calledymiion circles (see Fig.5), where a few
highly skilled craftsmen produced a car from begigrio end using parts and raw materials.
The division of labour in such a production process very flexible, in fact, craftsmen could
easily substitute for one another, and the obviimis for productivity was the number of
highly skilled craftsmen.
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Fig. 5 Production circle

Henry Ford was the first who put into practice thbowing observation: if we partition a

complex car manufacturing process into a fixed nemdd simple operations (jobs) done by
simple workers (blue collars) on a line (belt) ($8g.6), then its productivity will increase

and the problem of limited number of highly skillechftsmen should be solved. It is one of
the greatest achievements in management sciencecamdmics. The idea of the assembly
line was then applied in many production and servprocesses. If we have many
production/service lines manned by people or rqliben for the purpose of our analysis, we
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join them into one production/service line, whiche wwill call the Classical
Production/service Line(CPL).

% 5
Farte a . - o
| > r =
5 D -
Row materials ﬁ Services

| Productioniservice process>

Fig. 6 Classical Production Line (CPL)

Let us assume that a given worker has increasédehiskills (his/her human capital) and
now can do the job assigned in half the previoogetiDoes it have any impact on the
organization/productivity of the considered productprocess? The answer is no. His/her
extra skills may be used in the design and impleatiem of another production process on
CPL, but not in the one in hand as its organizaisofixed. We conclude that CPL does not
allow of anyself-organizationand workers (blue collars) are to work on it, twothink.

Definition 1 Classical Production/service Line (CPl is a partition of a complex
production/service process into a fixed numberiwmipte operations (jobs) described to the
smallest detail. Such a partition is fixed for an¢i and does not allow of argelf-
organization (see Fig. 9).

4.2 The model — Virtual Production Line (VPL)

When an individual applies science, he/she doeishier in their private interest or to increase
the value of his/her human capital on an acadenaiket, e.g. to obtain Ph.D., a certificate,
etc. The situation drastically changes when a teaexperts apply science, since it is then
social capital that is involved in such a creapvecess and one may expect the synergy effect
(Lemma 2). It is our contention that the team pdbésr efforts to solve a problem, however
vague the problem appears to be at an initial stHgerefore, we make the following

Main assumption Application of knowledge by teams of scientistpents, specialists, etc. is
always connected with solving a problem. It may betwell-defined or be described in a
fuzzy way, but always has a creative, problem-sgjviature.

Let us consider &/irtual Production Line (VPL), pictured in Fig. 7, where there are a
number of experts (teams of experts), scientipesialists, etc. with their laptops, computers,
data bases, etc. (in Fig. 7 we show their keypadsnaonitors), connected via the Internet or
any ICT networks, solving a given more or less aagly defined problem of our firrk
during a creative process. Since there is no nahtexpresentation of the VPL (our experts
can be located in different parts of the world),demoted it in Fig. 7 using a doted line.
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Fig. 7 The concept of Virtual Production Line (VPL)

The experts combine their human capital, mostlyr thecit knowledge with the codified
knowledge to solve in a creative process a probigich may have at the beginning not been
well defined or described in a murky way, but whiaue to their effortssglf organization),

is getting more and more clear-cut and distinctire other words, experts on VPL not only
work, but also think. See Fig. 8 below.

-
\"""h.f'--f

Before self-organization After self-organization

Fig. 8 VPL as a flexible division of labour and sé&lorganization

In Fig. 8 we see that at the beginning of the oregirocess, the problem in hand is not well
defined, which we denoted by dotted line alongpbameter. Tasks often overlap and their
limits are not well delineated, which is symbolidgdwaved lines. After the self-organization
stage, the problem is much better defined (it msoast a circle), the overlapping of tasks are
substantially smaller and their limits are almdstight lines. If at the beginning the problem
is divided inton tasksTy, T, ..., T, then after self-organization it is divided irkdasks, Ty,

T,, ..., k wherek can be equal, bigger or smaller ther'WWe conclude that VPL allows of a
flexible division of labour, while CPL is based on rgid (stiff) partition of labour (see
Fig. 9), where production/service process is weflreed - it is a circle - the jobk, X, ..., J

do not overlap, the limits between them are sitdiges.
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no self-organization
n = constant

Fig. 9 CPL as a rigid partition of labour

Definition 2 Virtual Production Line (VPL) is adivision, in general not a partition, of a
complex creative process into more or less precidescribed tasks (jobs), combined with
modern ICT. The division of the creative process into tasksvell as the number of tasks
may be changed throughout the process by actionsxpérts involved in it. Such a
modification is calledself-organization of virtual production line. Self-organization may

recur over the creative process.

We note that unlike CPL, VPL is not a division abbur alone but combination of labour
division and self-organization with modern ICT. Téfere, we can make two conclusions:

Conclusion 1 (The PastModern ICT increases substantially the efficieaog the value of
social capital.

This is true insofar as we realize that social tedyfiecame a subject of serious studies only in
90’s when we began to be able to send informatiectrenically to virtually every corner of
the world at almost zero cost. By comparison ofed@& below with the process of designing
a new car in the pre-Internet era, say some 25e3@syego, one can see how important role
modern ICT plays in construction of VPL.

John Chambers, chairman and chief executive ofoCigorld’s biggest maker of data
networking equipment, gives one more example ofrtimrtance of ICT in solving business
problems (by our standards, running VPL). Ciscaguasition in 2005 of Scientific Atlanta, a
maker of set-top cable boxes for US $ 6.9 billitoak 45 days. The popular feeling was that
the contract was signed, or VPL run, at a brealkrspeed. 18 months later, in 2007, Cisco
bought for US $ 3.2 billions Webex, a web confeneg@nd on line collaboration company.
Using a new high-end videoconferencing systemegtitee process, including the signing of
the final contact, took only 8 days. “There was daia room, it was virtual” — says Mr.
Chambers (for details see FT of Julyl6, 2007). pitoblem was solved, or the VPL run, in
only 8 days.

Conclusion 2 (The Future) The history of improvement/development of CPL uletites
directions for research on VPL. In fact, VPL isaural development (phase) of CPL.

We may say that VPL is an instrument (a virtuahsiion belt) that experts use to combine
codified knowledge with their tacit knowledge, caetgnce, experience etc., to produce
improvements in products, services, technology amahagement, and contribute to the
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world’s stock of knowledge, both codified and tafsee Fig 7). Otherwise stated, it is a
device on which social capital of the firm is makimoney (financial capital) for firnf,
using human capital of its experts and its physaagital (computers with software, data
bases, communication networks, patents, licenseksh buildings, furniture, etc.), acquired
with a view to creative process. VPL is a hearthaf managerial modelfor social capital
analysis.

We conclude this Section with two examples:

Example 4ALet us consider the creative process of desigaingew car using the latest
achievements of material science, electronics)lgateommunication, engine construction,
etc. Experts assemble on VPL parts of knowledgeessmting those respective sciences,
using their tacit knowledge and expertise to predagroject of a new car - documented in
databases and in its hard copy, with computer ctmte®bots, strategy for marketing of the
car, etc. So we see that VPL sometimes is veryaira the classical assembly line.

Example 4B We can consider a TV News Room as VPL whichts&&rery morning with the
analysis of ongoing and coming political/social mgeand closes at the main evening news
issue. Using VPL we can study how new knowledgev@es created and how codified
knowledge (historical material, reportages, etcs) dombined with tacit knowledge
(journalistic skills, personality, etc) to produsew codified and tacit knowledge. It will be
interesting to do a comparative analysis of a feleded TV broadcasting stations and to
study for them the relations between tacit andfeadiknowledge in the past and present.

4.3 Four forms of proximity

For obviousreasons workers (blue collars) are located and workCPL in geographical
sense as close as possible to each other. Expdrite (collars, actors, etc.) may be located
apart from each other, but they collaborate (wawk) VPL because their competences,
knowledge (both tacit and codified), experiencés, @&e close or complementary, they work
in the same or similar organization, within the saon closed organizational culture, etc. In
short, actors cooperate on VPL if they are closeedoh other in many senses, but not
necessarily if they are geographically close. Talye cooperation on VPL, we will use the
concept of proximity introduced and developed by Erench proximity school (Torre and
Gilly [6], Torre and Rallet [7], Rallet and Torr8][and Torre [8]), and recently studied by
Menzel [10].

Proximity literally means nearness, closeness, contiguity @opinquity. We will use this
proposition to describe relations between differactiors working on VPL or as a central
concept in our analysis of social capital. Like itap proximity is complex and
multidimensional and depends on time as capitalsddéenzel [10] demonstrated in a
deductive way that there are four forms or dimemsiof proximity:

1. Technological proximity (TP) or cognitive proximity describes the so-called cognitive
distance between actors, differences and sim#arith the shared knowledge (both
codified and tacit) that are relevant to problertvesth on VPL, technological distance
between them, etc. Technological proximity betweetors exists, that is they are
technologically close, if technology-related cobbadtion between them is possible for a
given moment/period of time in the past, present or future on a given VPL,jror
solving a given problem.
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2. Emotive proximity (EP) is related to personal relations, emotions, common
experiences, trust, etc. between two particulasracEmotive proximity forms a social
environment which always surrounds any such codipersEmotive proximity between
two actors exists if such cooperation between tiseepossible for a period of tintein
the past, present or future on a given VPL.

3. Spatial proximity (SP) describes the geographical (spatial) context opeoation, the
ability and possibility of actors to engage in faodace contacts. We note that in the
Internet era spatial proximity is not a permandrhd, but generated temporarily,
whenever necessary (Torre [8]). Scientific confeem kick-off meetings, industrial
fairs, working lunches/dinners, etc. are exampfespatial proximity. Spatial proximity
exists between two actors when it is possibleHent to engage in face-to-face contacts,
whenever it is necessary, for a period of tine the past, present or future on a given
VPL.

4. Organizational proximity (OP) describes the organizational context of a relatgn a
structure or framework (like firm, network, clustetc.) that defines contacts between
actors. Menzel [10] calls it structural proximit9rganizational proximity between two
actors exists if it is possible for them to cooperavithin a given organizational
structure at any timein the past, present or future on a given VPL.

The first two proximities describe direct interacts (relations) between actors, teams, etc.
therefore we call therdirect proximities (DP). We hardly imagine robots working on a
given VPL, i.e. solving a given problem, althoudte twork of experts on VPL will be
changing alongside the improvement of ICT — seeiseo case in Section 4.2. The last two
proximities describe indirect factors that influencontacts between them, so we call them
indirect proximities (IDP).

Proximity is a subjective description of a givetat®n done by an actor or actors involved.
We have defined the above four forms of proximitya very specific way to facilitate
introduction of the utility measure u of a given proximity , called in shorproximity u, as

a binary function defined in the following way:

Definition 3 Technological proximity between actoX andY equals

1if X has a technology-related collaboration with

u (TP, XY, t .
( F 0 otherwise

for any timet of their mutual relation in the past, presentfature on a given VPL. More
advanced measure of this particular proximity wéldiscussed in Section 5.

In similar way, we can definemotive proximity u(EP,X,Y,t), spatial proximity u(SP,X,Y,t)
andorganizational proximity u(OP,X,Y,t). We observe that - in general - emotive proximity
IS asymmetric, as the fact that actof trusts actory at a given momertton a given VPL,
does not imply thaY trustsX at the same momenhbn the same VPL. So, in general,

u(EP,X,Y t)zu(EP,Y,X,t).
The same reasoning shows that technological proxisiasymmetric too. It follows directly

from the above definition that both spatial proxynand organizational proximity are
symmetric. Thus we formulate
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Lemma 4 Both technological proximity and emotive proximidye asymmetric, therefore
direct proximities are asymmetric. Both spatialqunuity and organizational proximity are
symmetric, therefore indirect proximities are syntnce

Evaluating or assessing indirect proximity we choase to ask only one actotor Y, while
evaluating direct or asymmetric proximity we haweask both actors X and Y at a time. One
may easily observe a striking likeness betweeridheforms of capital and the four forms of
proximity (see Fig. 10 and compare it with Fig. 4).

Proximity
Direct proximity Indirect proximity
Asymmetric proximity Symmetric proximity
Technological Emotive Spatial Organizational
proximity proximity proximity proximity

Fig.10 Four forms of proximity

Clearly, direct or asymmetric proximities are disjowith or orthogonal to indirect or
symmetric proximities. Consider an instance of tetbgical cooperation (technological
proximity) between two experts X and Y on a giveRLVIooking for a solution to a given
problem. Since such cooperation may or may not diaggon another VPL and emotive
proximity is always surrounding contacts betweearXl Y, then technological proximity is
disjoint or orthogonal to emotive proximity. Singgatial proximity is defined by face-to face
contacts (geography) and organizational proximiyoerns organizational structures, then
they are disjoint or orthogonal to each other. My we prove

Lemma 5 Technological proximity, emotive proximity, spatigoximity and organizational
proximity are mutually disjoint and form a partitiof proximity as entirety.

5 Generalizations and conclusions
We finish this paper with four concluding remarlantaining short descriptions of subjects
for further studies.
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5.1 The system and its two subsystems

In Section 3we have partitioned all assets (entire capitalfirof F into the following four
forms: financial capital (FC), which is, generally speaking, all that the firnbBanking
accounts and accounting records shpWysical capital (PC)— anything else of material
existencehuman capital (HC) - anything in the heads, hands and legs of workegarded
as individuals, and finallysocial capital (SC)— all the rest of the intangible assets of the
firm. All these four forms interact to produce thaue of firm V(F). In Walukiewicz [12],
we extrapolate this reasoning to the national/megjidevel and describe honew GDP is
produced by these four forms of national wealth.

Consider again Fig. 1 and Example 2A, but now vigbr inputs:labour (L), which is
equivalent to our concept of human capitapital (C), equivalent to the combination of
financial capital and physical capit&chnology(T), viewed as a measure of (technological)
development of physical capital and, finally, thewninput —networking (N), which
describes how people (workers) cooperate or trash ether, or how easy it is to build a
network in a given group, society, etc. The newuiriypis shown in Fig. 11 in a dotted arrow.
An output of the system is mew GDP or V(F), depending on whether national/regional
economy or firmF is modelled So we consider national/regional economy asegafirm
(closed system) which transforms its inputs (labeapital, technology and networking) into
its outputnew GDP.

The rest of the world

=
Financial Physical Technolo- Emotive
C capital capital gical proxl.zn;ty
roximi
> V(FC) V(PC) p u(TP)ty u(EP) o GDP
T -
I:> VE)
Human Social Spatial otri?)?niazla_
capital capital proximity nal
- _I\! ~ V(HC) V(SC) u(sP) pﬁ?éng;y
Capital subsystem Proximity subsystem

The rest of the world

Fig. 11 The system and its two subsystems

Instead of studying relations between inputs aediktput of the system, as we did in Section
2, we would ask: what is hidden inside this systéitfat mechanism transfers inputs into
new GDPor V(F)? Based on the foregoing enquiries and analysepostilate that there are
two subsystems in the system in Fig. 11: capithkgstem and proximity subsystem. Under
graph theory, they are identical - they are fulagirs with four vertices. We have
demonstrated in Section 3 and 4 ttie elements of financial and proximity subsystems
are mutually disjoint or orthogonal to each other and hey cover the entire capital
(wealth) and entire proximity .
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5.2 Orthogonality of inputs and questionnaires in gcial sciences

The last sentence tells us that there exist only forms of capital and four forms of
proximity. So, further studies in this domain shibulot go wider by adding new forms of
capital or proximity, but should go deeper into arenadvanced level of analysis. For
instance, let us assume that our research studp@al capital is done on level zero. Then at
level one we may study internal and external retetiof firmF (see our definition of social
capital in Section 3). At level two we may studyrke-related external relations, production-
related external relations and, finally, environta¢mnelated external relations and so on
(Westlund and Nilsson [19]). We believe that if tlnavas a questionnaire following this
concept, it will be easier to elaborate results abthin stronger conclusions, as all chapters,
subchapters and questions would be orthogonaldio ether. This should be regarded as an
outline of the first approach to further efforts tims field. In the second approach, more
advanced methods should be explored for assessimg\een measuringapital/proximity
forms in terms of volume and value.

5.3 More advanced measures of proximity

We outline the second approach to the issueainological or cognitive proximity (TP)

Let c(X,Y) be thecognitive distancebetween actoX andY working on a given VPL, i.e.
solving a given problem. Sag(X,Y)is the difference in knowledge - relevant to thd>L\V-
betweenX andY. If the knowledge ok is identical with that ofy, that is wherc(X,Y) =0,
then technological cognitive collaborationbetween them is not possible and there is zero
utility of their proximity -u(X,Y) = 0. The same thing happens in another extreme cdmwss w
e.g. X knows all about the problem on VPL aldknows nothing. We denote this case by
c(X,Y) =1 and observe that them(X,Y) =0 again. We conclude that a$X,Y) changes
gradually fromO to 1, the utility of cognitive proximity in this relain changes accordingly,
from 0 to umax(X,Y),but then goes back @as is shown in Fig.17.

Umax

function f

/

Fig. 12 The utility of cognitive proximity
If we knew the functiorf, such that
u(xX,Y) = f(c(X,Y))

for at least some, say, “typical” relationshipsagiven VPL (e.g. relations between experts
with analytic mind and open-minded specialists)etben we would do better in creating a
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team for a given VPL and assigning tasks to exp&ts in reality, the functiofi is not a
binary, contrary to what we assumed at stage zérouo analysis (see Section 4 and
Nooteboom [18]). We claim thassignment problem i.e. the problem of assigning experts
to tasks in an optimal way will be one of the mioséresting questions in further research on
VPL, as it is in the case of CPL. Problem which wi#t consider in the last remark below
may be viewed as complementary to the assignmebtem.

5.4 Evaluation of the FP’s proposals

We can consider the evaluation of proposals subdith a given call for proposals as VPL.
It seams interesting to include our research figslian social capital and proximity in the ex
post and ex ante analyses of such proposals anectgdanalysis of evaluation methods,
proximities and cognitive distances between pastner a given consortium, role of a

coordinator, etc.). We hope to work out useful fsfigns and recommendations for such
evaluation procedures.

Finally, we argue that in new economy big orgamset combine CPL with VPL. In fact,

generally speaking, they run a number of clasgoadluction/service lines turning out goods
and/or services, and a number of virtual productioes for solving different problems

throughout physical production. A virtual productioline makes innovations and
improvements in a very broad sense viewed as agehfor the better on a ‘here and now’
basis for the market to accept them. Since for & waajority of SME's creating VPL is

practically impossible, this economy segment tuatiention to clusters, where along with
research institutions, universities, etc., theyidai virtual production line to solve problems
they face. This is the essence of the innovatidestry in new economy.
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