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1 Introduction

In recent years, in particular from the beginning of the 21st century, the social sciences
started to strongly rely on the discoveries of physics of complexity to analyze complicated
relations between models and social phenomena (Urry, 2003). For instance this is just the
research field of the econophysics which studies the applications of theories and methods
developed by Physics in order to solve problems in Economics (for more details see Rosser,
2008). As in the studies of many physical systems, also in the social sciences there is a
growing attention to go behind the traditional notions treating various agents as separated
and distinct essences (Urry, 2003; Giddens,1984). Currently they are instead conceived as
juxtaposed entities related trough a nonlinear mechanism where causes and effects are co-
present and strongly integrated!.

In an even more globalized world very complex interactions characterize social and economic
relationships. Therefore we need models taking into account this complexity and nonlin-
earity in the connections. Such links involve multiple positive and negative feedback loops
making systems interdependent and interacting dissipatively with their environment.

In Economics this interdependence among systems and among agents is just the core of the
models of Corporate Social Responsibility (since now on CSR), which consider the global
integration between firms and stakeholders, including workers, customers and the full en-
vironment (see Becchetti et al., 2014). The CSR implies a move from the maximization of
the shareholders wealth to the satisfaction of a more complex objective function in which
interests of the other stakeholders are taken into account. On turn this creates also benefits
for the business. For instance Becchetti et al.(2014) show that since more and more profit
maximizing firms are adopting CSR practices there must be pecuniary benefits arising from
them. The authors also document that the CSR has the potential to generate several values
increasing effects by attracting better employees, enhancing their intrinsec motivation and
loyalty, reducing turnover rates, improving the efficiency and by reducing operating costs.

Nevertheless CSR. improves boosting sales revenues, increases rivals costs and attracts more

1" No party to a relation is therefore a monadic or molar entity. Each is instead a mutable function or

the character of the mode-of-being related and its capacity for relationality" (Dillon, 2000)



ethical consumers, so that the firm can benefit from increases in her demand share.

All the above mentioned advantages can be seen as a sort of ethical capital accumulated
trough the CSR practices, which also requires the payment of additional costs. Becchetti et
al. (2014) underline, by using a dynamic model, the conditions implying that such benefits
overrun the costs. These advantages can also be considered as the result of the synergy
which relates each subsystem’s and each agent’s performance.

Thanks to this synergy net benefits from the relationships across to the stakeholders by
the virtue of their connections to the firm and the net transactional benefits across to the
business system by the virtue of the intra-organizational cooperation.

There is also a large literature on the benefits that in general arise by investing in CSR
on stakeholders and in particular on workers. To this aim many analyses use the standard
taxonomy of CSR criteria provided by Kinder, Lydenberg and Domini Research and Ana-
lytics, Inc. (KLD). They include the following eight wide-ranging categories into the Domini
400 index: i) community; ii) corporate governance; iii) diversity; iv) employee relations; v)
environment; vi) human rights; vii) product quality; and viii) controversial business issues.
Every category has its strengths and weaknesses identified and analyzed within the index,
as well as the suggestion of corporate activities compliant with each specific category. For
instance, by using the KLD index, Becchetti et al.(2016) show that the CSR firms which
take into account the workers well-being are less exposed to business risks and profit volatil-
ity. Other authors analyse the effects of increased productivity of the individual workers,
see Rob and al. (2000). The authors show how the specific investiments in Corporate Social
Responsibility can be seen as the optimal incentives that foster the employees to allocate
greater efforts to cooperative tasks because their derive utility from cooperation. In the
meta-analysis devised by Harter et al (2003) positive workplace perceptions and feelings
are associated with higher business-unit customer loyalty, higher profitability, higher pro-
ductivity and lower rates of turnover. In Gond et al (2010) it is explained how employees’
perceptions of CSR trigger attitudes and behavior in the workplace which affect organiza-
tional, social and environmental performance. In Degli Antoni et al (2011) it is analysed
the empirical relationship between CSR and social capital pointing out how the adoption

of CSR good practices foster the creation of workers’ social capital intended as cooperative



social network, generalized trust, and relational skills. In addition for an analysis more
specifically directed to the benefits of the cooperation between coworkers see Myers et al
(2010) who discuss the effects of firm’s values and workplace interaction on coworkers. Rast
et al.(2012) also show, by using the data collected from employees of three private airline
companies in Iran, that an important factor that have an impact on job satisfaction and
productivity is the relationship with co-workers.

Therefore according to the CSR. point of view firms and stakeholders can be depicted not as
two distinct and unconnected systems, but they are a cross-system where transfers occur in
a such a way that a business becomes a stakeholders’ interest and conversely stakeholders
well-being becomes part of the business. In this crossed-system the output of each part is
transferred across them to become the others’ input, so that these subsystems are strongly
overloaded and linked inextricably together.

According to our point of view the best metaphor, suggested by the physical sciences, to
approximate and represent this new conceptualization of links in economics systems and
between agents is the Mdbius strip.

This is a topological enigma independently documented in 1858 by two mathematicians A.
F. Mdbius and J.B. Listing. It is a bend of paper given a 180 degree twist prior to having
its two ends connected. The first use of the Md&bius strip as a metaphor in the business re-
lationships, on our knowledge, is that of Litz (2008), who discusses an alternative approach
to business family and family business relationships.

In this work we aim to extend this approach to the CSR analysis by extensively relying
on the recently discoveries in the electromagnetism. We assimilate firm and stakeholders’
contributes to the action of electrons travelling on a Md&bius strip which, unlike a regular
bend, return to a mirror reality in each count. In particular we strictly follow the model
of Yacubo et al.(2003) who show that the electrons travelling on a Mobius strip produce
energy of higher intensity or equivalently there is a lower energy dissipation thanks to the
decreased resistance by virtue of the twist in the bend. We analyze how contributions of
the economic agents in a CSR context, thanks to the effect to the ethical capital, produce
higher benefits and a lower dissipation of the costs thanks the augmented cooperation.

The paper is divided into four sections (including introduction and conclusions). In the sec-



ond section we describe the building of the geometrical model for the electrons travelling in
a Mobius strip. In the third section we investigate how to apply this model to the behavior
of firms and economics agents in a CSR context. We define a new cost function that show
the convenience to invest in social responsible activities thanks to three positive crossed ef-
fects on the efficiency: i)cooperation among stakeholders in the same sector; ii)cooperation
among similar stakeholders in different sectors and iii)the stakeholders’ loyalty towards the
company. We provide an example of a firm’s decisional problem which decides whether to
invest in social responsibility. Our analytical results show that this is ever the optimal choice
depending on the number of sectors, the stakeholders’ sensitivity to these investments and

the decay rate to alienation. In the fourth section we discuss our conclusions.

2 How to build a geometrical model for the electrons
travelling in a Mobius strip

The Mo&bius strip is a bi-dimensional manifold with only one face. It can be built from a
strip of paper by joining together its both ends after having twisted one of them a half turn
(see Figure 1).

| l
e

Figure 1: How to build a Md&bius strip



The Mobius strip has one side and a single border and if we move along the centre line, the
meridian, of the strip we need to go through the circle twice in order to return to the original
position. This behavior is similar to that of the electrons generating a flux periodicity of
persistent, currents in a Mobius strip in Yacubo et al. (2003), who describe it by using the
Hubbard model (1963). This last is the simplest model of interacting particles (electrons) in
a lattice and consists of a Hamiltonian with only two terms: a kinetic term which represents
the kinetic energy of electrons hopping between atoms and a potential term consisting of
an on-site interaction which represents the potential energy arising from the charges on the
electrons. Therefore the Hamiltonian is a sum of potential and kinetic energy and is applied
to describe how the one kind of energy repeatedly changes into the other one over time.
If we assume that there are N sites then we’ll say that if an electron tunnels from lattice
site j to site [, its energy changes by an amount —t;;. This tunneling effect is equivalent
of annihilating the electron at site j and creating it again at site [, so the portion of the
Hamiltonian, the kinetic term, dealing with tunneling can be written as
N
=Y tuala
Jil=1

where aj, a; are the fermion (since electrons are fermions) creation and annihilation oper-
ators. For many practical purposes it suffices to assume that t;; is none-zero, only when j
and [ are the nearest neighbors in which case it is usually approximated by a constant ¢.
Because of the electron may tunnel also from lattice site [ to site j, the Hamiltonian becomes

N
—t Z a;aj + a;al
g l=1

where —t Z;'V,l:l a}al is defined Hermitian conjugate and denoted by h.c.

The potential term is

N
cral
kG af
k=1

where ¢ represents the site energy and aj,ay are the fermion creation and annihilation

operators at the site k.



Yacubo et al.(2003) consider electrons moving on a Mdbius strip in the longitudinal di-
rections on 2M wires and transverse directions on N wires. Specifically, starting from a
rectangular lattice including N x 2M sites (see Figure 2), the rectangle is then twisted by
180 degrees and its two sides are connected, such that longitudinal wire 1 is attached to
wire 2M, wire 2 is attached to wire 2M — 1 and so on (see Figure 3). The Mdbius strip so

constructed includes M longitudinal wires with 2N sites on each one.

230 O O----0 O« O O
; O Owesi O O-- OO
M(.} O O---.C') O -m e O O
YO 0O 0 O Onse- oNe)

gg\b ----- OO0 @ o0
%0 O O - O Qe X
O O O - oqle - oo
1’.____
‘e @ - -
UK B JEEEERREES

Figure 3: The electrons moving in a Mobius strip.The previous lattice has became a lattice
2N x M. The area behind the green line,after the twist,shifted in the bottom on the left. The
electrons in the column M that tunneled in the M + 1 column,now tunnel in the same

column M on the corresponding replicated new element.



According to the Hubbard model (1963) the Hamiltonian is then

2N M
H]\Iiﬁbius = Z Z [Enmajlmanm - tle_QiF(b/NaijanJrlm] (1)
n=1m=1
2N M—1 b 2N
2
—to Z Z ailerlanm — 5 Z aILManHVM + h.c.
n=1m=1 n=1
where an,, is the fermion operator at the site (n,m) with n = 1,2,...,2N and m =
1,2,...,M).
The quantity €,,, is the site energy so that
2N M
> D Eomtmnm
n=1m=1

represents the potential term.

The kinetic term is made up of three parts:

2N M . 4
1 —t; > 3 e 27®/Ngt 4,1, measures the longitudinal hopping, where e~2"®/N

n=1m=1
measures the effect of the magnetic field accumulated along the longitudinal direction

on each link and ¢ is the longitudinal hopping amplitude;

2N M-—1
2. —t3 > > al, anm measures the transverse hopping on M — 1 longitudinal wires and
n=1m=1
to is the transverse hopping amplitude;

3. the transverse hopping on the last wire M is measured by —%2 %V aLA1a7L+NM. With-
out the twist the electron would tunnel from the site (n, M) :g 1the site (n, M + 1).
But, because of the twist, now the wire M + 1 is attached to the wire M becoming
the same longitudinal wire with 2NV sites on it. Therefore the site (n, M + 1) is now
the site (n + N, M) (see Figure 3).Obviously the sum is divided by two because the

electrons tunnel only from (towards) the original N sites.



3 The Economics of the CSR-Mobius strip

3.1 How to build a CSR-Modébius strip economics model

In this section we aim to investigate whether what we have seen in the previous one can
be applied to firms and economics agents in a CSR context. Are there some similarities
between their activities and contributions to production and the move of electrons in the
strip that produces energy? At a first sight we notice that —Hpjspius strongly approaches a
benefits-costs function. In fact, the energy dissipation measured by € can be assimilated to
the production costs unrecovered trough the sell of the added value of the final consumption
good.

Similarly, the terms with ¢; and t5 may represent the benefits associated to the joint con-
tributions of IV stakeholders or type of stakeholeders operating in M sectors.

For instance in the generalized Leontief production function analyzed in Diewert (1971) the
interindustrial relations of an economy are conventionally represented by a matrix in which
each column lists the monetary value of an industry’s inputs and each row lists the value of
the industry’s outputs. Each cell of this matrix might correspond to the site (n,m) of the
electrons in the strip (for instance see Iyetomi et al. 2010).

Nevertheless we think that in a context of CSR this function does not take into account all
the crossed effects that social responsible activities can generate in terms of productivity
and costs saving (see Becchetti et al. 2014). In particular some of these effects concern the
externalities due to the CSR benefits on the stakeholders, which on turn are transferred
into positive returns on the firm’s traditional activities.According to this point of view,
we consider a SR company with n = 1,2, .., N stakeholders or cluster of stakeholders and
m = 1,2, ..., 2M activities, where m = 1, 2, ..., M represents the traditional sectors of produc-
tion of intermediate goods, necessary to produce the final good M, while m = M +1,....2M
are the specific activities devoted to the CSR. We denote by 0 < ay,, < 1 the contribution
of the stakeholder n in the sector m measured as percentage per unit of a product. For
instance if a;; = % we say the stakeholder 1 is able to produce the 20 per cent of a unit
in a working hour. Like in a Md&bius strip also in a social responsible firm the effects of a

twist may be considered as the returns due to the CSR activities on the stakeholders and



firm production, which therefore amplify the crossed contributions of different stakeholders

also operating in different sectors of the company (see Figure 4).
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Figure 4: The matrix of stakeholders’contributions in a CSR context.

The stakeolder 1 contributes with a;; to the production of the sector 1 and with aio to
the production of the sector 2 and so on. The stakeolder 2 contributes with as; to the
production of the sector 1 and with ass to the production of the sector 2 and so on. The
same for all the other stakeholders. The value of ai23s; measures the expected additional
contribution that the stakeholders 1 would give thanks to the social responsible activity
2M. The same for the other social responsible activities which are ordered in such a way
that 2M is more relevant for the sector 1, 2M — 1 is more relevant for the sector 2, etc
(for instance 2M could be seen as the social responsible activities dedicated to assure safety
work condition in sector 1, 2M — 1 those to assure safety work condition in sector 2 and so
on). Therefore in this work we propose the use of a new cost function for CSR companies

suggested by (1), that in our case becomes:
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2N M 2N M-1

2N
t
Hcsp = — Z Z [Cnm - tl(l - 6)anman+1m] + 9 Z Z Apm+410nm + 52 Z An M On+NM

n=1m=1 n=1m=1 n=1
(2)

where
2N M
1. = > > ¢um represents the sum of the costs supported by a company for social re-
spg;;iglzelactivities devoted to each n in the sector m. The company can decide to
give a prize also for the stakeholder’s social responsible engagement and his increased
productivity in the traditional sectors, so that the cost can be different from zero for

the n =N +1,...,2N replicated stakeholders.

2. 41 %V % (1 = 0)anmani1m, that we call the neighbouroud efficiency term, measures
thg :glagrrblzlassociated to the crossed contributions of n in the sector m with the nearest
n+1 in the same sector. For instance if a1 = % and as; = %, when the SR stakeholder
1 supports the stakeholder 2 helping him to produce his share %, the stakeholder 1
contributes with his ability of é to the production of 1—|—% units of the good. Therefore
his total contribution is now % (14 1) . Obviously also the stakeholder 2 can support
the stakeholder 1 and this would correspond to Hermitian conjugate of this term. In
the rest of the paper, to avoid excessive complexity, we don’t consider the hermitian
conjugate of (2) because this doesn’t affect our analysis. Moreover we assume that
0 < § < 1is the decay rate due to the possible effect of alienation (caused for instance
by satiety, low free time, etc.). Finally ¢; represents the sensitivity of the stakeholders’

contributions to the SR activities devoted to them;

2N M—1
3. t2 Y. > Anm+1Gnm, that we call sector cooperation efficiency term, measures the
n=1m=1
gains associated to the crossed contributions of n in the sector m with the others type
n in the nearest sector m + 1. Moreover to (which can be equal or different from t;)

measures the sensitivity of the stakeholders contributions to the SR, activities devoted

11



to their and to other nearest sector.

2N

4. % > anmaninN, that we call loyalty efficiency term, measures the gains associated
n=1

to the increased productivity of each n which contributes to the production of the

final good M twice: directly trough his own task and indirectly trough the increased

efficiency and cooperative attitudes.

Clearly all the above mentioned crossed effects could run among more distant stakeholders
and sectors. Nevertheless it is reasonable to assume that this would imply not negligeable
transaction costs, necessary to raise useful and continuous connections among them. More-
over the associated benefits should be netted from the intermediate effects running among
the nearest ones. Therefore, all this things considered, it is possible to assume, in our model,
that those effects are very low and less important for the company when she decides her
investment in CSR.

Moreover, we think that the main point is that SR firms make specific investments (the
sectors from M + 1 to 2M) to foster stakeholders’ socially responsible contributions and
productivity(which for examples are empirically measured by some index as in the KLD
metrics,see Becchetti et al. 2016) so to reverse the upper side of our matrix in the lower
bound on the left just as if we have two replicated stakeholders. The traditional one making
is own task, and the second is a sort of replicated socially responsible stakeholders adding
new contributions to the firm.

Therefore the order matters as investments and return are specific into the firm. Obviously
we can imagine there are also externalities requiring no specific orders, but they are diffi-
cult to measure and not related to specific company’s activities and investments while CSR,
measures are specific for sectors and stakeholders so implying specific returns. In particular
the three above mentioned effects depend on the extremely strick and precise conditions of
how CSR investments operate so that the twist is just a Mobius strip twist rather than some
less well-ordered reshuffling of cross-cutting effects across the stakeholders.

In that follows we aim to apply this function to a general decisional problem of a company

12



which wants to minimize the costs taking into account these crossed benefits due to the SR

activities.

3.2 An application to a firm decisional problem with constant con-

tributions and costs

In this section we consider only one type of stakeholders and specifically we assume that there
are N workers in m = 1,2, ..., M traditional sectors. We assume that the total production is
equal to the sum of the contributions of these workers, which could be measured in term of
pieces produced by worker in that sector in a working hour, which is constant for each worker
and sector, an, = a, witha e Rand 0 <a < 1lforalln=1,2,... N and m =1,2,..., M.
Therefore if we denote by p the price of the final good and by w the wages paid to workers,

the firm’s profit function is:

N M
= Z Z(p—w)anm = NMa(p — w).

n=1m=1

We also assume that the company finances the social responsible activities with an expense
¢ > 0 equal for each sector and worker and proportional to their contributions, that is
Cnm = ca for alln =1,2,..., N and m = 1,2,..., M. Notice that this assumptions constant
expense c is not trivial and unrealistic. In fact, if we consider the same type of stakeholders,
in order to avoid any discrimination the firm should invest, for each them, the same amount
which is proportional only to the own contribution (meritocracy). Otherwise it might have
counterproductive effects (like envy, frustration due to inequality, etc) instead of stimulating
cooperation and efficiency. In addition we suppose that the worker’s sensitivities ¢; and to

are equal and are related to the investment in CSR through the function

tl = tg = k(ca)ﬁ

where k is a positive constant and § € R.

Under these assumptions, the company, for given values p and w, wants to maximize the

13



benefits associated to the investment in CSR measured by the function (2) that in this case

is

2N M 2N M-1 n 2N
_ 2 2 2 2
HCSR(c)f—Z;Z:l[ca—tl(l—é)a]+tgz_:1/z_:la +§2a (3)
subjected to
NMal(p—w) — ] >0 (4)

Obviously the constraint (4) implies that the firm can’t expend in CSR more than what she
would earn without social responsible activities.?

Simplifying (3) we get

Heosp(c) = —ca2NM + 2k NM (1 — §)a*™P + 2ke® N(M — 1)a*™P + kP Na*tP (5)

Therefore the company chooses the value of ¢ that solves

dHcsr _

0
dc

under (4), that is

dHcsr
de

= —a2NM +28kPINM(1-6)a* P + 28k’ IN(M —1)a®> P + kAP I Na* P = 0

TIBk2M (1 — 6)a ™t + 2(M — 1)a"* + a**F] = 2M.

We can distinguish three cases:

20bviously they can exist several constraints, not always binding, and it could be very interesting to
develop a more complex analysis taking into account all these possibilities in a future research. Nevertheless,

for sake of simplicity, we focus only on the most essential constraint according to the objectives of this paper.
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i) for g>1

o p2 2M
e Bkal*B2M (2 — §) — 2 + a?]

which is a feasible solution only if ¢ < p —w. We can see that c] increases for high
values of §. In fact, being convenient to enforce workers’ sensitivity to SR to earn
the high benefits due to 8 > 1, the company should invest more ¢ to counteract the
negative effect of §. Instead the optimal ¢ decreases for high values of 5 because no
huge investments are necessary to stimulate workers’ sensitivity and the firm can save
costs getting the same great benefits. Finally, given the budget constraint, if there are
many sectors M the company must invest a little amount c for each of them, therefore

¢ decreases for high values of M.

i) for g <1

« 1-8 ﬂkaHﬁ[?JV[(Q — 5) -2+ a2]
Cy = oM .

Obviously the above mentioned effects of 4,5 and M on the optimal value of ¢ are

reversed when the workers are low sensitive to SR activities.

iii) for =1
dHcsr _

7 ka*[2M (2 — 6) — 2+ a®] — 2M
C

which is constant. Therefore, if
ka*[2M (2 — 6) — 2+ a*] —2M >0

it is ever convenient to invest in CSR and the company chooses the optimal value of
c satisfying (4), as she can easily recover the costs from the proportional increase in ¢

for k > 1. This condition is more probably satisfied for high values of k and a.

Our findings reveals that the convenience to invest in CSR mainly depends on the following

factors: 1) the workers’ sensitivity; 2) the alienation; 3) the number of sectors;

15



1. Being favorable to CSR influences productivity, wages of efficiency and intrinsic mo-
tivation (see Becchetti et al.,2012). In our decisional problem we find that, other
factors being equal, high workers’ sensitivity to CSR practices makes absolutely con-
venient for the firm to support the related expenses because the workers’ productivity
increases. Nevertheless these expenses decrease as the sensitivity raises because the
workers’ marginal productivity for units of investment is higher and the firm can get

the same effort even with lower costs.

2. The alienation effect, measured by delta, implies an higher workers’ aversion to the
task and the company or a greater preference for other activities, leisure or family.
If the workers show a high sensitivity to CSR then the company can enhance their
motivations trough appropriate investments. In such a way the company can balance
costs and benetits for the workers to be engaged in those activities. In other words delta
measures the typical effect of the depreciation rate in dynamical systems. Therefore
as in the traditional models of investment in physical capital also in this case it is
necessary to invest in more ethical capital to counterbalance the negative effect of the

depreciation rate.

3. The number of sectors affects the investments in CSR in two ways. First, given the
budget constraint, if there are many sectors the company can invest a limited amount
for each of them. Second, the social capital and workers relationships are better
in smaller sized firms (Tamm et al., 2010) so probably fewer additional responsible
investments are necessary with respect to larger sized firms. According to our results
this is the case when workers’ sensitivity is not significatively high. On the contrary
the larger sized firm with many sectors can reduce the expenses for each of them
getting the same benefits because no huge investments are necessary to stimulate
workers’ greater efforts. Clearly being now more convenient investing in CSR, being
the budget constraints equal, the smaller sized firms will be favorable to support more

expenses for each sector.
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4 Conclusions

In the ongoing times characterized by an even more globalized world, the reduction of
distances thank to technologies make people and systems (economic, social, cultural, etc)
strongly interrelated and juxtaposed. Therefore what happens somewhere influences things
happening elsewhere. From a theoretical point of view to study these more interacting sys-
tems the traditional economic models are improved also relying on the discoveries of the
physical sciences to take into account the several crossed effects among the agents’ actions.
In particular in a CSR. context her related activities generate a sort of interlinked effects
which should be adequately analyzed. In this work we extensively draw from the physical
science and specifically from the geometrical model of the Mdbius strip where the electrons
move in several directions to produce energy.

Similarly in a CSR context the social responsible activities have the effects going in sev-
eral directions which can increase the stakeholders’ productivity and efficiency so reducing
production costs. Therefore we devise a new cost-function where three crossed effects are
at work:1) increases in the efficiency in virtue of the augmented cooperation among the
nearest stakeholders in the same sector; 2) increases in efficiency in virtue of the augmented
cooperation among stakeholders in the nearest sectors;3) increases in the efficiency due to
the augmented stakeholders loyalty towards the vision of the company (and also the man-
agement and the shareholders)and so towards her final production.

We show how the benefits of the CSR in terms of those three effects incentive the invest-
ment in CSR activities and we also provide an example on how this new cost-function can
be used to analyze a simple SR firm’s decisional problem. Our results show that investing in
CSR activities can ever be convenient depending on the number of sectors, the stakeholders’
sensitivity to these investments and the decay rate to alienation.

We think that this approach could make light on effects in productivity which not have
been adequately taken into account and need to be more analyzed both at a theoretical and
empirical level. In particular proceeding from our theoretical model new empirical measures

on these crossed effects should be produced to translate our model into reality.
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