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Abstract
Current approaches to evaluate how institutions affect economic outcomes and cause crosscountry differences in economic performance and development aim to estimate individual
effects of different institutions and assess their relative importance for specific economic
outcomes.
This paper suggests an alternative approach. I take on a system-analytical perspective and
analyze how single institutional elements of different types and kinds interrelate and jointly
affect agents’ microeconomic outcomes of coordination tasks. I utilize mathematics on
supermodular functions and sublattice sets and adapt the “Theory of Complementarities” to an
interrelated institutions setting.
The analytical formulations presented in this paper account for the multi-causality of
coordination tasks and show under which conditions the effects of single institutional rules and
practices on the economic outcome of a coordination task depend on each other. I show how
interrelated institutional elements form an institutional arrangement in which they exhibit a
joint effect on the economic outcome of a coordination task that differs from the sum of
individual effects. This gives rise to the notion that institutional elements may become
“Edgeworth complements” and form an institutional arrangement in which they amplify each
other’s effects on agents’ microeconomic outcomes. At the same time institutional
interrelations may cause the effect of an institutional element on agents’ microeconomic
outcome to be hampered by the presence, level or characteristic of an interrelated institutional
element.
Subsequently, I make use of comparative statics to show that different institutional
arrangements may maximize the economic outcome of the same coordination task across
economic entities. I exemplify how the objective-maximizing institutional arrangement for a
coordination task changes in the characteristics of a persistent institutional element which
becomes an exogenous parameter and indirectly influences economic outcomes via institutional
interrelations with institutional elements directly influencing economic outcomes.
This research should contribute to evaluate if and how heterogeneity among institutional
frameworks across countries may deliver an explanation for the observed differences in the
levels and growth rates of economic outcomes across countries.

1. Introduction
We observe persistent cross-country differences in the levels and growth rates of income per
capita, output per worker and other variables representing people’s standard of living despite
increasing international flows of goods, ideas, finance and people in course of proceeding
globalization. Growth accounting can explain roughly two thirds of the observed income
differences by cross-country variations in physical and human capital investment. The
remaining third captured in the residual is regarded to be mainly caused by variations in total
factor productivity. Nevertheless, it is largely a scientific blackbox why rich countries succeed
to invest in physical and human capital and adopt new technologies while poor countries fail.
There is a broad agreement that institutions play a crucial fundamental role and need to be
investigated more thoroughly in order to understand what encourages or hinders economic
agents to invest in physical capital, human capital and technological progress. There is a notion
that poor countries tend to be plagued with “bad” institutions that distort factor allocation and
the utilization of new technologies.
Theoretical and empirical work assessing which and how institutions affect economic outcomes
and development is still in early stages. The first steps that have been taken in this field of
research aim to identify which institutions matter most for specific economic key figures. In
order to “disentangle” or “unbundle” the institutions effect in recent literature scholars make
use of econometric analysis to identify individual effects of different types of institutions on
economic outcomes whilst controlling for other potentially relevant factors. To account for
endogeneity and correlation issues two-stage-instrumental variable estimation methods are used
with the aim to isolate effects and evaluate the relative importance of different institutions
relying on the assumption that the effects of institutions on the economic outcome are
independent of each other.
This paper contributes to investigate how institutions affect economic outcomes. In contrast to
existing literature I make the assumption that institutions interrelate and their effects on
economic outcomes depend on each other. I discuss analytical concepts and elaborate
formulations in which economic, political, and cultural institutional elements of the formal and
informal kind interact and exhibit a joint effect on microeconomic outcomes which differs from
the sum of their individual effects. In my investigations I follow a system-analytical approach,
decompose the overall institutional framework in which economic agents operate and look at
the interrelation of single institutional elements which influence the outcome of a coordination
task in scope.
It is in the interest of this paper to provide analytical formulations, the empirical implementation
and some empirical evidence which give rise to the notion that institutional rules and practices
of different types and kinds exhibit interdependent effects on economic outcomes.

2. Definitions, Notations and Differentiation
With institutional element I refer to a single formal or informal rule or practice. As examples
for a formal rule or practice consider a written agreement, contract, constitution, law or property
right. As examples for an informal rule or practices consider a declaration, custom, social value,
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tradition, code of conduct, taboo, common understanding.1 With institutional arrangement I
refer to a variable set of institutional elements in which some elements are interrelated. Agents
are all actors who participate in an economic system. An agent may refer to a firm, household,
principal, agent, borrower, lender, public authority etcetera. Agents have to coordinate
economic activities and match their endeavours, therefore they have to solve coordination tasks.
A coordination task may involve sorting out moral hazard problems and incentive issues.
Agents solve various coordination tasks whilst being exposed to a set of institutional elements.
The set which incorporates all institutional elements present in an economic entity is denoted
as total set. The institutional elements included in the total set jointly form an institutional
framework which influences economic agents’ ability to solve coordination tasks and ability to
maximize their economic outcomes via reducing information asymmetries and enabling
credible commitments between agents.2 With economic entity I refer to a cultural area, a
country, a region etcetera.
I differentiate between institutional elements. Each institutional element is classified to be from
a specific type and a specific kind. In this paper three different types of institutional elements
are considered, the economic, the political and cultural type. However, this differentiation is
not exhaustive. The type of an institutional element provides some information on the source
of the institutional element and whose relationship it regulates. Economic institutional elements
for example help to organize economic activities between private parties, consider loan
contracts which regulate creditor-debitor relationships. Political institutional elements help to
organize the relationship between a private party and the state, consider property rights which
secure the asset ownership of economic agents.3 Cultural institutional elements help to organize
social interactions between agents or the agent and the society. Thereby cultural institutional
elements inherently influence agents’ beliefs and behaviour in many economic situations.
Whereas most of the economic and political rules and practices can be replaced, changed,
coordinated or removed by the responsible decision makers the majority of cultural rules and
practices are persistent for long time periods, are difficult to coordinate and might not be
influenceable by any decision makers.
I also differentiate between kinds of institutional elements. Each institutional element is
regardless of its type either of the formal or informal kind which gives some information on the
institutional characteristics and how it regulates the relationship between parties. Formal
institutional elements are court-enforceable. This requires economic behavior or outcomes to
be observable and verifiable. Informal institutional elements are important when behavior is
not observable and outcomes, though observable, are not verifiable. They obtain an inherent
assertiveness and are self-enforcing. Political institutional elements are predominately formal
and cultural institutional elements are predominately informal. For economic institutional
elements there are a number of examples for both kinds. I argue that formal as well as informal
1

This definition on institutional element is in accordance with North (1991) who characterizes institutions as
humanly devised constraints that structure political, economic and social interactions.
2 The definition of a coordination task and its connection to institutions relates to Ostrom (1990) who states that
the main task of institutions involves exchanging information among agents, monitoring behaviour of agents and
sanctioning a defection from agreements or rules.
3 This definition of and differentiation between formal economic and political types of institutional elements is in
accordance with Acemoglu and Johnson (2005) in which they refer to “contracting institutions” and “poperty
rights institutions” as different types of institutions.
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institutional elements to be inextricably interwined rather than coexisting. In the following
analytical formulations I will show how informal rules and practices can be complementary or
can substitute each other.4
Formal and informal institutional elements which contribute to the solution of coordination
tasks can be external as well as internal sources to economic agents. We are interested only in
those rules and practices which are exogenous to and homogeneous for single economic agents
operating in the same economic entity. Between economic entities rules and practices are
allowed to vary in their presence, levels and characteristics.

3. Scientific Relevance, Scope and Structure of the Paper
Following a system-analytic approach to analyze how institutions affect economic outcomes is
new in this field of research. It will enable to investigate the distinctive shapes of an institutional
framework via decomposing is to its elements, analyzing how single rules and practices
interrelate and interact to jointly affect economic outcomes of coordination tasks. Since
economic agents face a vast number of coordination tasks at the micro-level whilst being
exposed to a vast number of institutional elements, the following formulations account for the
multi-causality of coordination tasks and the multi-functionality of institutional elements. The
assumptions I make and the formulations I set up in this paper shall pave the way to research
on how heterogeneity in institutional frameworks condition differences in economic outcomes
and development across entities.
This paper aims to show under which conditions the effectiveness of a single institutional
element to solve a coordination task is dependent on other institutional elements and how they
jointly affect agents’ economic outcomes. The paper is structured as follows: In the following
section I briefly discuss the assumptions and the hypotheses. In section five I discuss the
underling basic methodological and mathematical concepts I adopt from different fields of
social and economic research. Subsequently, in section six I set up the analytical formulations
which account for the existence of complementary relationships among institutional elements
and substitutes among institutional arrangements to solve the same coordination task. In section
seven I suggest how the validity of the formulations can be empirically investigated and discuss
the empirical findings of a recent conference paper of Hainz and Danzer (2015) from a systemanalytic perspective. The last sections conclude, raise some issues and give an outlook on future
research.

4. Assumptions and Hypotheses
Current scientific approaches to identify which and how institutions affect economic outcomes
aim to evaluate the relative effects of different types of institutions. Thereby researchers rely
on the assumption that each type of institution exhibits an individual and independent effect on
the economic outcome in scope, a necessary condition for the estimates on single variables
included in conventional regression analysis to be unbiased and relied upon. However, it seems
4

I take analogies from investigations on the interrelation of organizational practices within firms referring to Blau,
Scott (1962); Gibbons (2005); Baker, Gibbons, Murphy (2001), (2002) and Baker (2002) who support the notion
that formal practices can be facilitated or hampered by informal practices and vice versa.
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to be a very strong and somewhat unrealistic assumption that the effects of different institutions
are independent of each other if one considers that they are incorporated in a complex system
in which a great share of them evolves endogenously alongside history and agents are exposed
to all of them in any economic situation. If one regards single institutional rules and practices
as elements in a system it seems to be more realistic to assume that the effects of single rules
and practices on an economic outcome in scope depend on each other. I make following central
assumptions on the relationship between institutional elements and their influence on agents’
economic outcomes:
(1) Institutional elements of the same and different types and kinds interrelate and jointly build
a system which can be regarded as an institutional framework in which economic agents
operate.
(2) The effectiveness of a single institutional element to help economic agents solving a
coordination task is dependent on other, related institutional elements.
(3) Institutional elements interact and exhibit a joint effect on agents’ microeconomic
outcomes of coordination tasks at the micro-level.
With reference to these assumptions I set up following first hypothesis which is analytically
formulated in the first parts of subsection six.
Hypothesis 1:
The effectiveness of an institutional element to increase agents’ economic outcome of a
coordination task is dependent on the presence, level or characteristic of other, interrelated
institutional elements.
Given institutional elements influence each other’s effectiveness, they may for example become
complements in solving a coordination task. Thereby the total effect of complementary
institutional elements on agents’ economic outcome may substantially exceed the sum of their
individual effects.
I expect highly-interrelated institutional elements to directly and/or indirectly contribute to the
economic outcome of a number of coordination tasks agents face. Consequently, highlyinterrelated institutional elements may limit or foster agent’s economic outcomes of a number
of coordination tasks which aggregates to the macro-level and shapes the development of the
economic entity as whole. Since economic entities differ in the presence, level or characteristics
of institutional elements I expect that the composition and shape of institutional frameworks
should be characterized by different clusters of coherent, complementary institutional elements.
I analyze how institutional elements interact and jointly affect agents’ economic outcomes at
the micro-level. Thereby, institutional interrelations are promising to deliver an explanation
why an institutional element may differently affect agents’ economic outcome of the same
coordination task across economic entities which show heterogeneous institutional frameworks .
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In the third subsection I investigate whether across economic entities the same coordination
task is maximized by different institutional arrangements. I set up following hypothesis
Hypothesis 2:
The objective-maximizing institutional arrangement and agent’s microeconomic outcome of a
coordination task may change across economic entities due to institutional interrelations.
In the last subsection of the analytical formulations I make use of comparative statics to study
more thoroughly why the effectiveness of a single institutional element and the joint effect of
an institutional arrangement differ across economic entities. I show how a country-specific
persistent institutional element can become a source which causes further heterogeneity among
national institutional frameworks, differences in the objective-maximizing institutional
arrangement and microeconomic outcome of a coordination task due to institutional
interrelations. For this subsection I make following additional assumptions:
(4) Some institutional elements are persistent over long time periods and vary distinctively
across economic entities.
(5) Persistent institutional elements do have more the character of an exogenous parameter
since they cannot be optimized.
(6) Persistent institutional elements may directly and indirectly influence the economic
outcome of a coordination task via institutional interrelations.
Based on assumptions (4), (5) and (6) I set up following hypothesis:
Hypothesis 3:
The objective-maximizing institutional arrangement may depend on the presence, level or
characteristic of a persistent institutional element which becomes an exogenous parameter
influences agents’ microeconomic outcomes only indirectly via institutional interrelations.
In this subsection I investigate whether a country-specific institutional element that shows the
characteristic of an exogenous parameter may explain differences in the values and the
effectiveness of other institutional elements and thereby causes the formation of different
objective-maximizing institutional arrangements for the same coordination task across
economic entities. This will support the notion that there exist multiple, country-specific
institutional arrangements which may maximize the economic outcome of a coordination task.

5.

Underlying Theoretical Concepts

5.1. Methodology: The System-Analytical Approach
I apply a system-analytical approach which is established in research fields of social sciences
to analyze complex social systems. The idea behind taking on a system-analytical perspective
is to get insights about the architecture, peculiarities, principles, functioning and dynamics of a
system by decomposing it to its elements in a first step, investigating the relationships between
the elements in a second step and recomposing the system with knowledge about the
interrelation of its elements in a final step.
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The research method gained scientific acknowledgement in the 1950s and has been introduced
by anthropologists and ethnologists who studies social systems. Claude Lévi-Strauss was a key
person in developing a theory which is known as structural anthropology. In his work he
empirically investigated the relations between units rather than investigating the units
themselves in order to understand their functioning and role for a network. He simplified masses
of empirical data into generalized comprehensible relations between units and identified
collective functions. Lévi-Strauss explained structures and drew networks which build on single
units to find predictive laws for the stability and development of the networks. This structuralist
approach of investigation has been adapted to a wide range of scientific disciplines including
sociology, psychology, economics and architecture.
Talcott Parsons established the structuralist approach in social science and developed a
structural functionalistic theory of social system. His focus of research lied on how structures
(being the total of social relationships and interactions in a society’s social networks) determine
the behavior of individuals within the society. The social system constitutes a frame which
governs processes of human actions. Once the structure of the system is known one can evaluate
which actions are functional or dysfunctional for stabilizing the system. Alike Lévi-Strauss
analyzed units, Parsons examined human actions not in an isolated manner but in the context
of their relations to each other and the functional meanings of these relations for the social
system. In his later work Parsons emphasized the complex exchanges and relationships between
social, political and economic systems.
In the 1970s Niklas Luhmann who was a scholar of Talcott Parsons picked up on the theory of
the social system but replaced Parsons’ “actions” with “operations” as central elements that
constitute the social system. Luhmann set up a comprehensive system theory which claims
validity in the scientific investigation of both micro- and macrosystems of the society. He
argued that not subjects or actions construct social systems but operations. Operations refer to
processes of element reproduction with the help of other elements in the system in an
autopoietic manner. Which and how an operation develops is dependent on previous ones,
thereby the interrelation of the operation intensifies alongside history. Operations jointly form
a closed cycle which delimits the system from its environment. Alike Parsons, Luhmann refers
to the society as an all-composing system that differentiates into subsystems such as the
biological, psychological, social, cultural, political or economic systems. A subsystem is closed
and differentiates from its environment, however, subsystems operate simultaneously and are
embedded in an environment formed by each other. Structural links between subsystems make
them responsive to each other, therefore, to fully understand the structure and dynamics of a
subsystem it is necessary to understand the structure and dynamics of the subsystems in the
environment. This suggests an interdisciplinary scientific research on different subsystems of
the society.
Institutional elements can be regarded as the units which are in scope of my research. Alike
Levi-Strauss I investigate relations between institutional elements and how they reduce
information asymmetries between agents and allow credible commitments in order to solve
coordination tasks and eliminate restrictions to economic outcomes.
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Luhmann’s concept on how operations jointly constitute a system is of special interest for this
research. I draw analogies to analyze how institutional elements jointly build an institutional
framework in which economic agents operate.
This analysis on how institutions affect economic outcomes is an interdisciplinary approach
since it accounts for the interrelation of social, political, economic and other types of
institutional rules and practices. Nevertheless, in contrast to Parsons and Luhmann I do not
consider the social, political and economic system as closed subsystems in which elements are
predominantly interacting within each subsystem. Rather, I aim to capture the interrelation of
elements belonging to different subsystems. I allow institutional elements originating from
various subsystems of the society to enter the objective functions on the economic coordination
tasks at the same time I allow institutional elements of different types and kinds exhibit a joint
effect on agents’ economic outcomes.
5.2. Mathematics: The Theory of Complementarities
I draw back to the mathematical concepts of supermodular functions and sublattice sets which
allow to analyze how a change in the value of one variable changes the effect of a second
variable on the outcome of an objective function as well as the second variable’s optimal value
to maximize the outcome of the objective function. The so called “Theory of
Complementarities” dates back to the 1960s and allows me to develop a mathematical condition
which if satisfied makes the effectiveness of one institutional element to solve a coordination
task depends on the presence, levels and characteristics of other institutional elements and how
institutional elements jointly affect economic outcomes. This concept enables to model
situations in which differences in the initial values of single institutional elements may produce
multiple local maxima. The set of optimizers of a coordination task may include multiple
elements which allows that different combinations of institutional elements at different values
may enable economic agents to yield the same economic outcome of a coordination task.
Beyond that, the concept allows the set of optimizers and economic outcome on the same
coordination task to differ across economic entities.
According to the Theory of Complementarities two variables are called (weakly)
complementary or Edgeworth complements if the following simplified equation holds
irrespective of any other variables affecting the outcome:
∆B ≥ ∆x1 + ∆x2

(1)

∆B is the return to the outcome that results from changing both variables, ∆x1 is the return that
results from changing variable x1 only and ∆x2 is the return that results from changing variable
x2 only. If the joint return to the outcome stemming from a simultaneous change in the values
of both variables into the same direction is as least as big as the sum of the individual returns
to the outcome stemming from a separate change of the variables, then x1 and x2 are (weakly)
complementary. In this subsection we discuss the conditions under which inequality (1) holds
and variables become complements to solve an objective function. ∆ can be positive or negative,
its sign and magnitude may not only be influenced by the strength and relationship between the
respective set variable and the outcome variable in scope, it may also be affected by related set
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variables directly influencing the outcome or exogenous parameters indirectly influencing the
outcome.
The following definitions, propositions and theorems depend on complementarity only. None
additional assumptions such as convexity of the variable set or concavity of the objective
function are needed. Complementarity is a matter of order, as long as variable sets are partially
ordered, the mathematics on supermodular functions and lattice sets can be applied. The set
variables and exogenous parameters may be intervals but also discrete.
Starting with notation let X1 and X2 be linearly ordered sets of with a less-than-or-equal-to
order. X1 is a one-dimensional interval on the variable x1 and X2 a one-dimensional interval on
the variable x2. We are interested in the outcome of the objective function which is dependent
on the product set X1 × X2 and want to evaluate how changes in x1 and x2 affect the outcome.
Regard x1 and x2 as the base values of the variables and x1’ and x2’ as their values after a change.
Definition 1.1 provides a condition for the existence of a complementary relationship between
two variables. The function of complementary variables is called supermodular.
Definition 1.1: For linearly ordered sets X1 and X2, a function f : X1 × X2→
if for all x1’ x1 and x2’ x2,
f(x1’,x2’) + f(x1,x2) ≥ f(x1’, x2) + f(x1, x2’)

is supermodular

(2.1)

Inequality (2.1) is a more sophisticated version of inequality (1). A simultaneous increase in
the values of x1 and x2 yields a (weakly) higher return to the outcome of the objective function
as if the variables were changed separately and their returns were summed up. Rewriting (2.1)
we see given two variables are (weakly) complementary and the respective objective function
is supermodular, then the return of one variable on the outcome of the objective function
depends on the value of the other variable:
f(x1’,x2’) – f(x1,x2’) ≥ f(x1’, x2) – f(x1, x2)

(2.2)

f(x1’,x2) – f(x1,x2) from the right hand-side of inequality (2.2) represents the return of increasing
the value of the first variable when the second variable is at its base value. If the value of the
second variable was instead already at its increased value, then the return of increasing x1 would
become f(x1’,x2’) – f(x1,x2’), which yields a (weakly) higher return to the objective function.
Inequality (2.2) shows that changing the value of variable x2 causes the return of variable x1 on
the objective function to change as well. Given we face an optimization problem on the
objective function, increasing the value of one variable makes it optimal to increase the value
of the other variable as well. The two variables are then complementary in maximizing the
objective function.
It is a property that f : X1 × X2 → has increasing differences in x 1 and x2. In the differentiable
case there are three sufficient conditions: ∀ x1, fx1(x1, ∙ ) is nondecreasing; ∀ x2, fx2( ∙ , x2) is
nondecreasing; and ∀ x1,x2, fx1x2 (x1, x2) ≥ 0.
Definition 1.2 (based on Topkis 1978): If X1 and X2 are linearly ordered, f : X1 × X2 → is
supermodular and x1*(x2) is the largest solution to max x∈X ×X f(x) for x2, then [x2’ x2]
[x1*(x2’) x1* (x2)]. If there are unique, unequal optimizers at x2’ and x2, then x1*(x2‘) x1*(x2).
1
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2

Definition 1.2 suggests if x1 and x2 are complementary in solving f(x1, x2), then the optimal
value of x1 denoted as x1* increases in x2 which makes coordinated changes in the values of x1
and x2 optimal to maximize f(x1, x2).
The variable set of the function f(x1, x2) has to fulfil a certain mathematical criterion to allow
the values of x1 and x2 to change into the same direction. Refer to variable sets in n as sets S(
2
which includes the variables x1 and x2 as S12. If changing the
∙ ). Denote the variable set in
variables x1 and x2 separately are feasible profiles in S 12, then changing both or none of the
variables must also be feasible profiles. Mathematically (x1∨x2) constitutes the componentwise
maximum of x1 and x2. It specifies the union of changes in x1 and x2, allows changes to be
simultaneous and makes (x1’,x2’) feasible in S12. If (x1∨x2) was not a feasible profile then
implementing a change in x1 could preclude implementing a change in x2. (x1∧x2) specifies the
intersection of changes in x1 and x2. Mathematically it is the componentwise minimum of x 1
and x2, allows both variables to remain unchanged together and makes (x1,x2) a feasible profile
in S12. If (x1∧x2) was not a feasible profile then failing to change x1 could require a change in
x2. A variable set is a sublattice if it includes the variables as well as their componentwise
minimum and maximum. In this example S12 is a sublattice if {x1, x2, x1∨x2, x1∧x2} are feasible
profiles in the set S12.
Proposition 1: The variable set S12
(∀x1, x2) (x1, x2 ∈ S12)

2

is a sublattice if

(x1∨x2, x1∧x2 ∈ S12).

Given the variable set S12 is a sublattice we can adapt Definitions 1.1 and 1.2. The objective
function f : S12 is supermodular if following condition is satisfied:
Definition 2: For (S12, ) the function f : S12→

2

is supermodular if for all x1, x2 ∈ S12

f(x1∨x2) - f(x1∧x2) ≥ (f(x1) - f(x1∧x2))+ (f(x2) - f(x1∧x2))

(3.1)

which simplifies to
f(x1∨x2) + f(x1∧x2) ≥ f(x1) + f(x2)

(3.2)

Definition 2 reproduces Definition 1.1. Inequality (3.2) simplifies and rewrites inequality (3.1)
in a more symmetrical form. Since f(x1∨x2) and f(x1∧x2) refer to profiles of coordinated,
simultaneous changes of the respective variables whereas f(x1) and f(x2) refer to profiles in
which the variables are changed separately, inequality (3.2) recovers inequality (2.1), which is
the condition for (weakly) complementary set variables and supermodular functions.
Complementarity is essentially a pair-wise relationship among variables. Nevertheless,
Theorem 1a on sublattice sets and 1b on supermodular functions enable to extend the notion of
complementarity in order to evaluate larger sets. A subset of n is a sublattice exactly when it
can be expressed as the conjunction of a set of sublattice restrictions for each pair of variables
separately. Suppose the variable set S( ∙ ) → n includes n variables. xi denotes variable i, xj
variable j and x_ij refers to all other variables included in S( ∙ ) except xi and xj.

-9-

n
Theorem 1a (Tokpkis 1978): The set S( ∙ )
is a sublattice iff for each 1 ≤ i < j ≤ n, there
2
n
exist sublattices Sij
such that S( ∙ ) = ∩ i, j=1, i<j {x|(xi,xj) ∈ Sij}.

Concerning supermodularity the function f(xi,xj,x_ij) on a product set is supermodular exactly
when it is supermodular in each pair of variables separately:
Theorem 1b (Topkis 1978): Suppose that f : S( ∙ ) → , where S( ∙ ) is a product set S( ∙ ) =
×ni=1 Si, and each Si
. Then f is supermodular iff for all 1 ≤ i < j ≤ n and all x ∈ S( ∙ ), the
function g(zi, zj) ≡ f(zi, zj, x_ij) is supermodular.
Given a subset S( ∙ ) of n is a sublattice and the objective function f(x) : S( ∙ ) is supermodular,
then f(x) entails complementarities in the form that there exist Edgeworth complements among
the set variables.
In an optimization problem with complementarities the objective function’s set of optimizers is
also a sublattice:
Definition 3 (based on Topkis 1978): If (S( ∙ ), ) is a sublattice and f : S( ∙ ) →
is
supermodular, then arg maxx∈S( ∙ f(x), the set of optimizers on f over x, is also a sublattice.
)

Denote M(S( ∙ )) as the set of optimizers to the objective function f(x) with S( ∙ ) being a sublattice
and f(x) being supermodular. The solution to the optimization problem on f(x) is written as:
M(S( ∙ )) = arg max x∈S( ∙ ) f(x)

(4)

M(S( ∙ )) is a subset of S( ∙ ) such that M(S( ∙ )) S( ∙ ). It may be empty, a singleton or include
multiple elements. M(S( ∙ )) changes if an exogenous parameter affects one or more of the set
variables or the objective function itself.
Regard an exogenous parameter ϴi. If the set of optimizers changes with ϴi, then comparative
statics are possible. To exemplify this suppose that an exogenous change in ϴi affects the value
of one of the variables included in the variable set and the objective function itself. Consider a
2+1
parameterized optimization problem on the sublattice S12 with x1,x2 ∈ 2 and S12
:
M(S12;ϴi) = arg maxx1|(x2,ϴi),x2|(x1)∈ S12 f(x1,x2;ϴi)

(5.1)

In equation (5.1) there are more channels through which ϴi influences the outcome of the
objective function. First, a change in the parameter directly affects the outcome of the objective
since the function turns f(x1,x2;ϴi) instead of f(x1,x2). Second, ϴi influences the outcome via
affecting the return to the outcome of the set variable x1 and thereby the optimal value of x1.
Given x1 is adjusted to its optimal value x1*(x2;ϴ i), because of complementarity among the set
variables the return to the outcome of the set variable x2 and its optimal value indirectly depends
on ϴi since x2*(x1(x2;ϴi)). The indirect effect of ϴi on the solution of the optimization problem
operates via affecting the returns to the outcome of both set variables and changing the optimal
values of them. The indirect may reinforce or counterbalance the direct effect of ϴi.
Equation (4) can also be turned into a parameterized optimization problem in which the
exogenous parameter affects the values of set variables in S12 only:
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M(S12;ϴi) = arg maxx1|(x2,ϴi),x2|(x1) ∈ S12 f(x1,x2)

(5.2)

In equation (5.2) the exogenous parameter indirectly affects the outcome of the objective
function via the variables included in S12 only. Suppose ϴi positively affects x1 such that the
return of x1 to the outcome of f(x1,x2) and thereby the optimal value of x1 increases in ϴi. Again,
because of complementarity x2’s return to f(x1,x2) and its optimal value increases in ϴi as well.
Changing the exogenous parameter triggers a chain reaction of changes in the set variable’s
returns and their optimal values to maximize the objective function.
Definition 4.1: If x1*(x2,ϴi) is the largest solution to max x1|(x2,ϴi),x2|(x1) ∈ S12 f(x) for ϴi, then [ϴi’
ϴi] [x1*(x2,ϴi’) x1*(x2,ϴi)]. If there are unique, unequal optimizers at ϴi and ϴi’ then
x1*(x2,ϴi’) x1*(x2,ϴi).
Definition 4.2: If x2*(x1) is the largest solution to maxx1|(x2,ϴi),x2|(x1)∈ S12 f(x) for x1, then
[x1*(x2,ϴi’) x1*(x2,ϴi)]
[x2*(x1(x2,ϴi’)) x2*(x1(x2,ϴi))]. If there are unique, unequal
optimizers at x1*(x2,ϴi’) and x1*(x2,ϴi)] then x2*(x1(x2,ϴi’)) x2*(x1(x2,ϴi)).
Definition 4.1 refers to the direct effect of ϴi and Definition 4.2 refers to the indirect effect of
ϴi on the optimal values of the set variables.
The Theory of Complementarities enables to formalize ideas of system effects which set
variables exhibit on an objective function. Moreover, in optimization problems when the values
of set variables are endogenously determined, increases in the value of one variable causes the
values of complementary variables to increase as well in order to maximize the outcome of the
objective function. This mathematically explains clustering among variables. Introducing an
exogenous parameter in the Theory of Complementarities allows comparative statics.
The presented mathematical concept was primarily utilized in producer theory to explain how
a reduction in the price of one input increases the demand of complementary inputs. More
recently it is applied in organizational economics to explain clustering among organizational
practices.

6.

Analytical Formulations on how Interrelated Institutions jointly affect
Economic Outcomes at the Micro-Level

I utilize the theory of supermodular functions and sublattice sets to show under which
conditions the effect of an institutional element on the economic outcome of a coordination task
is dependent on the value of another institutional element. I first set up an analytical formulation
on how institutional elements become complements and exhibit a joint effect on microeconomic
outcomes which differs from the sum of their individual effects. In the subsequent formulations
I show how heterogeneity among institutional frameworks causes differences in the
effectiveness of an institutional element to solve a coordination task and thereby the formation
of different objective-maximizing institutional arrangements. In the last formulation I introduce
a persistent institutional element as exogenous parameter which indirectly influences the
microeconomic outcome of a coordination task via interrelations with other institutional
elements. This enables to explain how cross-country differences in the values of persistent
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institutional elements may cause the set of optimizers and the microeconomic outcome of
various coordination tasks to vary across countries.
In the following formulations different types and kinds of institutional elements enter the
objective functions on coordination tasks. The institutional elements enter the functions either
as set variables directly influencing the economic outcome of the coordination task or they enter
the functions as an exogenous parameter indirectly influencing the economic outcome of the
coordination task via affecting set variables.
Let’s denote X as the total set of institutional elements which agents operating in the same
economic entity are exposed to. Depending on the specific coordination task economic agents
face different institutional elements of X enter the objective function on the specific
coordination task and influence agents’ respective economic outcome.
The analytical formulations presented account for the multi-causality of coordination tasks,
show under which conditions institutional elements of different types and kinds influence each
other’s effectiveness to solve a coordination task and exhibit a joint effect on agents’
microeconomic outcomes.
6.1. Formulation on the interdependent effectiveness of institutional elements to solve
coordination tasks and their joint effects on microeconomic outcomes
According to the Theory of Complementarities two variables are complementary if an increase
in the value of one variable increases a second variables’ return to the objective function and
the second variable’s optimal value to maximize the objective. One can make analogous
statements considering institutional elements as variables and the economic outcome of a
coordination task as the objective. Moreover, we regard the presence, level or characteristic of
an institutional element as its value.
Interpreting inequality (2.1) of Definition 1.1 in the interrelated institutions context suggests
that increasing the values of two complementary institutional elements simultaneously yields a
higher overall effect on the economic outcome of a coordination task as if the values of
institutional elements were increased separately and their individual effects were summed up.
Interpreting inequality (2.2) in this context implies that the effect of an institutional element on
the economic outcome of a coordination task depends on the value of a complementary
institutional element. Changing the value of an institutional element is more effective if a
complementary institutional element is present rather than absent, is at a higher level or shows
a specific characteristic.
As a first simple example consider coordination task 1 which is influenced by two economic
institutional elements. e1 is of the formal and e2 is of the informal kind. Each element may or
may not be implemented in X. The variables can take on value 1 if implemented and value 0 if
not implemented. We write the binary decision profiles as e 1, e2 ∈ {0,1}2. Consider the two
institutional elements form the subset Se1,2 X, which is the four point set {e1, e2, e1∨e2, e1∧e2}.
In compliance with Proposition 1 Se1,2 is a sublattice provided:
(∀e1, e2) (e1, e2 ∈ Se1,2)

(e1∨e2, e1∧e 2 ∈ Se1,2)
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(6.1)

Given (6.1) holds e1 and e2 are allowed to be present or absent together and individually in X.
There are four different profiles available: both institutional elements are not incorporated (0,0),
one institutional elements is incorporated while the other is not (1,0) or (0,1), both institutional
elements are incorporated (1,1) in X. We denote f(e1,e2,x_e1,2) as economic agents’ objective
function on coordination task 1 with x_e1,2 referring to all other (non-institutional) factors
influencing the microeconomic outcome of coordination task 1. Applying Definition 2 the two
economic institutional elements are (weakly) complementary in solving coordination task 1 if
for e1, e2 and x_e1,2:
f(1,1,x_e1,2) – f(0,0,x_e1,2) ≥ (f(1,0,x_e1,2) – f(0,0,x_e1,2)) + (f(0,1,x_e1,2) – f(0,0,x_e1,2))

(6.2)

The left hand-side of inequality (6.2) represents the overall effect on the economic outcome of
coordination task 1 if e1 and e2 are implemented in X simultaneously. The right hand-side of
inequality (6.2) represents the sum of their individual effects if e1 and e2 were implemented
separately. The difference between the left and the right hand-side of inequality (6.2) reflects
what is called a system effect. It refers to the share of the overall effect which stems from the
interaction of institutional elements and is positive if institutional elements are complementary
in solving a coordination task. System effects can be realized by coordinated changes in the
values of interrelated institutional elements. Depending on the number and the values of
institutional elements as well as the strength of their interrelation the system effects can be
substantial. This makes coordinated changes among institutional elements’ values very
beneficial. For coordination task 1 the objective function maximizing decision profile is the
profile in which e1 and e2 are both implemented. As long as (1,1) is a profile in Se1,2 we allow
e1 and e2 to be present in X at the same time. Simplifying and rearranging inequality (6.2) we
obtain:
f(1,1,x_e1,2) – (f(0,1,x_e1,2) ≥ f(1,0,x_e1,2) – f(0,0,x_e1,2)

(6.3)

If e1 and e2 are complementary in solving coordination task 1 then their effects on the economic
outcome is dependent on each other’s values. Inequality (6.3) shows that implementing e1 yields
a higher effect on the economic outcome of coordination task 1 if e2 is present in X rather than
absent. The benefits and therefore the incentives to implement e1 are higher if the
complementary e2 is either already present in X or simultaneously implemented with e 1. The
same holds the other way around. The formulation on coordination task 1 exemplifies how two
institutional elements of the same type but of a different kind become Edgeworth complements
in solving a coordination task, influence each other’s effectiveness and exhibit an overall effect
which includes their individual effects and a system effect.
As a second more sophisticated example consider coordination task 2 which is influenced by a
formal institutional element of the economic type denoted as e 3 and a formal institutional
element of the political type denoted as p 1. The two institutional elements are both intervals
which can take on any positive value such that e3, p1 ϵ [0, ∞). The values of the institutional
elements denote their quality levels. The higher the values the better are their quality levels. At
0 the rules or practices are absent and not incorporated in X. Suppose that the two institutional
elements are incorporated in the total set of institutional elements X such that e3, p1 ϵ X. They
form the variable set Se3p1 X which is the four point subset {e3, p1, e3∨p1, e3∧p1} and therefore
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a sublattice. The variable set Se3p1 makes it is feasible to change the quality levels of both
institutional elements at the same time into the same direction. Since both variables are intervals
many decision profiles with different combinations of e 3 and p1 at various quality levels are
possible. Denote f(e3,p1,x_e3p1) as the objective function on coordination task 2 with x_ e3p 1
referring to all (non-institutional) factors influencing the economic outcome of coordination
task 2. e3 and p1 are the base quality levels and e 3’ and p1’ are the quality levels after a one-unit
change. Applying Definition 2 the formal institutional elements are (weakly) complementary
in solving coordination problem 2 if for e 3’≥e3 and p1’≥p1:
f(e3’,p1’,x_e3p 1) - f(e3,p 1,x_e3p 1) ≥ f(e3’,p1,x_e3p1) + f(e3,p 1’,x_e3p1)

(7.1)

e3 and p1 are complementary and f(e3,p1,x_e3p1): Se3p1 is supermodular if their joint marginal
effect on the economic outcome is higher as the sum of their individual marginal effects. Again,
the difference captures the system effect which stems from the interaction of e3 and p1. As long
as the system effect is positive it is optimal to simultaneously increase the quality levels of both
institutional elements in order to maximize the economic outcome of coordination task 2.
Rearranging (7.1) we can show the interdependent effectiveness of p1 on e3 to solve
coordination task 2:
f(e3’,p1’,x_e3p 1) - f(e3’,p1,x_e3p1) ≥ f(e 3,p1’,x_e3p1) - f(e3,p 1,x_e3p 1)

(7.2)

f(e3,p1’,x_e3p1) - f(e3,p1,x_e3p1) on the right hand-side of inequality (7.2) refers to the marginal
effect of p1 on the economic outcome if it is raised one unit in its quality level when e 3 is at its
base quality level. Consider e3 was instead at the one unit higher quality level which is pictured
on the left hand-side of inequality (7.2). Now the marginal effect on the economic outcome
stemming from the same one unit increase in the quality level of p1 would become
f(e3’,p1’,x_e3p1) - f(e3’,p1,x_e3p1), which yields a (weakly) higher economic outcome for
coordination task 2.
Inequality (7.2) shows under which condition p1’s marginal effect on the economic outcome of
coordination task 2 depends on the quality level of e3. Since complementarity works in both
directions, the marginal effect of e3 on the economic outcome of coordination task 2 increases
in the value of p1 likewise. In this example two formal institutional elements of a different type
become complements in solving coordination task 2 via exhibiting a joint marginal effect on
the economic outcome of coordination task 2 which again composes their individual marginal
effects and a positive system effect.
6.2. Formulation on differences in the optimal values of institutional elements and their joint
effect on the economic outcome of a coordination task across economic entities
Consider economic agents operating in different economic entities. Some agents operating in
the first institutional framework are exposed to the set of institutional elements X, other agents
operating in the second institutional framework are exposed to an alternative set of institutional
elements Y. In both economic entities agents are exposed to the institutional elements p 1 and e3
when solving coordination task 2 such that e3, p1 ϵ X and e3, p1 ϵ Y. Their objective functions
denote f(e3,p1,x_e3p1) for agents exposed to X and f(e 3,p1,y_e3p1) for agents exposed to Y.
Assume that the value of p1 is exogenously determined. p1 shows a high quality level in the
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economic entity in which economic agents are exposed to X and a low quality level in the
economic entity in which economic agents are exposed to Y such that p1X>p1Y. Suppose the
formal economic institutional element is implemented in both sets X and Y at the same base
quality level such that e3=e3X=e3Y. The other (non-institutional) factors exhibit the same effects
on coordination task 2 in both economic entities such that x_e3p1=y_e3p1.
Even though e3 is implemented at the same base quality level in both sets its marginal effect on
the economic outcome of coordination task 2 and its optimal value to maximize the solution of
coordination task 2 differs across economic entities. The reason for this lies in the
complementary relationship of the two institutional elements and can be explained by
investigating the interdependent effectiveness of e 3 and p1 to solve coordination task 2:
f(e3’ p1X,x_e3p 1) - f(e3,p 1X,x_e3p1) ≥ f(e 3’,p1Y,y_e3p1) - f(e 3 p1Y,y_e3p 1)

(7.3)

Given e3 and p1 are complementary in solving coordination task 2, the marginal effect of e3 on
the economic outcome of coordination task 2 increases in the quality level of p 1. Since p1 shows
a higher quality level in the economic entity in which economic agents are exposed to X the
marginal effect of increasing the quality level of e3 for one unit is higher for economic agents
who are exposed to X. A one unit increase in the quality level of e3 is therefore more effective
and yields a higher economic outcome of coordination task 2 for agents who operate in the
economic entity where p1 is at a high level.
As a next step consider that after implementation the decision makers are allowed to adjust the
quality level of e3 to its optimal value in order to maximize the economic outcome of
coordination task 2. While the value of e3 is at choice, the value of its complementary
institutional element p1 remains fixed and exogenously determined. f(e3,p1, ∙ ) turns into an
optimization problem which has to be solved for the optimal quality level of e 3. Applying
Definition 1.2 we find the optimal quality level of e3 depends on the value of p1:
Given E3 and P1 are linearly ordered sets, f(e3,p1, ∙ ): Se3p1→ is supermodular and e3*(p1) is
the largest solution to max e3|(p1),p1 ∈Se3p1 f(e3,p1, ∙ ) for p1, then [p1X p1Y] [e3X*(p1X) e3Y*(p1Y)].
If there are unique, unequal optimizers at p1X and p1Y, then e3X*(p1X) e3Y*(p1Y).
Since the marginal effect of e 3 on f(e3,p1, ∙ ) increases in the value of p 1, the optimal quality
level of e3 also increases in the quality level of p 1. With p1X>p1Y it follows that e3X*>e3Y*. If
decision makers are allowed to adapt the quality level to its optimal value, then economic agents
in the first economic entity will be exposed to a total set which incorporates p1 as well as e3 at
a higher quality level.
The economic outcome of coordination task 2 can now be written as f(e 3X,p1X,x_e3p1) for
economic agents operating in the first framework and f(e 3Y,p1Y,y_e3p1) for economic agents
operating in the second framework. The set variables p1 and e3 form an institutional arrangement
(e3,p1) and exhibit a joint effect on the economic outcome of coordination task 2 which includes
the institutional elements’ individual effects as well as a positive system effect. Moreover, the
joint contribution of the institutional arrangement (e 3,p1) on the solution of coordination task 2
differs across economic entities.
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With p1X>p1Y exogenously given it follows that e3*X>e3*Y if p1 and e3 are complementary in
solving coordination task 2. If decision maker are allowed to adjust the value of e 3 to its
optimum in order to maximize f(e3,p1, ∙ ), then e3X>e3Y. Provided that x_e3p1= y_e3p1 agents
exposed to X achieve a higher economic outcome as compared to agents exposed to Y such that
f(e3X,p1X,x_e3p1)>f(e3Y,p 1Y,y_e3p1).
6.3. Formulation on the formation of different objective-maximizing institutional
arrangements on the same coordination task across economic entities
Consider coordination problem 2 is sufficiently solved if the economic outcome of the
coordination task reaches some threshold denoted as t. Moreover, suppose having e 3 and p1 at
high quality levels results in a solution which exceeds t while having both at low quality levels
does not:
arg max e3|(p1),p1∈ Se3p1 f(e3X,p1X,x_e3p1) ≥ t > arg max e3|(p1),p 1∈ Se3p1 f(e 3Y,p 1Y,y_e3p1)

(7.4)

Agents exposed to X are able to sufficiently solve coordination task 2. With both institutional
elements at high quality levels the institutional arrangement (e 3,p1) exhibits a sufficiently large
contribution to the solution of coordination task 2. Suppose in the economic entity in which e3
and p1 are both at low quality levels their joint effect is too small to push agents’ economic
outcome above the threshold such that the institutional arrangement (e3,p1) does not enable
economic agents exposed to Y to sufficiently solve coordination task 2.
Now regard the dichotomous informal economic institutional element e 2 introduced in the
example on coordination task 1 also influences the solution of coordination task 2 if it is present
in the total set of institutional elements. Being present e2 enters the variable set on coordination
task 2 and interacts with the formal economic institutional element e 3 such that they become
complementary in solving coordination task 2. Assume e2 is present in Y and absent in X.
In the economic entity in which agents are exposed to set X and e 2 remains absent the variable
set of institutions influencing the economic outcome of coordination task 2 remains the
sublattice Se3,p1, the function on Se3,p1 remains supermodular and the institutional arrangement
(e3,p1) exhibits a sufficiently large joint effect on agents’ economic outcome.
In the economic entity where agents are exposed to Y the informal economic institutional
element e2 enters the variable set of institutions alongside e3 and p1. The variable set becomes
Se2,3p1 and the objective function turns f(e2,e3Y,p1Y,y_e2,3p 1). In order to evaluate whether e2, e3
and p1 exhibit a joint effect on the economic outcome of coordination task 2 which exceeds the
sum of their individual effects we have to test whether Se2,3p1 is a sublattice.
With reference to Theorem 1a we have to check the complementarity relationship among each
possible pair of institutional elements incorporated in Se2,3p1 separately and assess whether
Se2,3p1 can be regarded as a conjunction of a set of sublattices. When checking complementarity
between e2 and e3 the institutional element p1 enters y_e2,3 alongside all non-institutional factors
influencing the objective function:
f(e3’ 1,y_e2,3) - f(e3 0,y_e2,3) ≥ f(e 3’,0,y_e2,3) + f(e 3,1,y_e2,3)
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(7.5)

By assumption inequality (7.5) holds and e3 and e2 are complementary in solving coordination
task 2. Subsequently we check complementarity between e 2 and p1 while e3 enters y_e2p1:
f(p1’ 1,y_e2p 1) - f(p1,0,y_e2p 1) ≥ f(p1’,0,y_e2p1) + f(p 1 1,y_e2p1)

(7.6)

We made no assumptions concerning any interrelation of e2 and p1. As long as the sum of their
individual marginal effects does not exceed their joint marginal effect on the objective meaning as long as they do not negatively influence each other’s effectiveness on the economic
outcome of coordination task 2 - inequality (7.6) holds.
3
Given that (7.3), (7.5) and (7.6) are satisfied, then Se2,3p1
can be expressed as the
conjunction of a set of sublattices which makes Se2,3p1 itself a sublattice. Se2,3p1 being a sublattice
and with reference to Theorem 1b f(e2,e3Y,p1Y,y_e2,3p1): Se2,3p1 supermodular in the way that the
function is supermodular in each possible pair of institutional elements. Therefore we know
that the institutional elements included in institutional arrangement (e2,e3,p1) are (weakly)
complementary and exhibit a joint effect on the economic outcome of coordination task 2 which
includes not only their individual effects but also positive system effects.

The overall effect of the institutional arrangement (e2,e3,p1) on the economic outcome of
coordination task 2 may now exceed threshold t. Since e2 and e3 are complementary in solving
coordination task 2 the presence of e2 in Y increases the marginal effect and the optimal quality
level of e3Y. If e3 is a choice variable decision makers will adjust the quality level of e3Y to its
optimal level. The individual effect of e2 and its system effect stemming from the interaction
with e3 might push the economic outcome of agents exposed to Y above the threshold at which
coordination task 2 is sufficiently solved:
arg max

e2,e3|(e2,p1),p1 ∈ Se2,3p1

f(e2,e3Y,p1Y,y_e2,3p1)≥ t >arg max

e3|(p1),p1∈Se3p1

f(e3Y p1Y,y_e3p 1)

(7.7)

This subsection aims to show how the presence of the informal economic institutional element
e2 may compensate for the otherwise low quality level and low effectiveness of the formal
economic institutional element e 3 to solve coordination task 2. Being (weakly) complementary
the three institutional elements form the institutional arrangement (e2,e3,p1) which is a sublattice
and exhibits a joint effect on the outcome of the objective function composing individual effects
and system effects which enable economic agents exposed to Y to solve coordination task 2.
Regard M(S( ∙ )) denotes the set of optimizers to the objective function of coordination task 2,
then the solution to the optimization problem is:
M(Se3p1) = arg max e3|(p1),p1∈ Se3p1 f(e3X,p1X,x_e3p1)
M(Se2,3p1) = arg max e2,e3|(e2,p1),

p1∈ Se2,3p1

for agents exposed to X

(8.1)

f(e2,e3Y,p1Y,y_e2,3p1) for agents exposed to Y

(8.2)

with p1X>p1Y, e2 ∉ X, e2 ∈ Y, x_e3p1=y_e2,3p1 and an endogenously determined ambiguous
outcome on the value of e3 which could be e3X>e3Y, e3X=e3Y or e3X<e3Y and depends on the
quality level of p1 and the presence of e2 in the respective economic entity.
Since the objective-maximizing institutional arrangement differs across economic entities in
the number and values of the institutional elements included in the variable sets of institutions
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agents’ economic outcome of the same coordination task differ across economic entities. We
cannot make a statement whether the economic outcome of coordination task 2 is higher for
agents operating in the economic entity where they are exposed to X or the economic entity
where they are exposed to Y. Nevertheless, the contribution of the entity-specific objectivemaximizing institutional arrangement enables all agents whether exposed to X or Y to
sufficiently solve coordination task 2.
6.4. Formulation on how a persistent exogenous parameter indirectly causes differences in
agents’ economic outcomes via institutional interrelations
Reconsider coordination task 2. Refer to the economic entity in which agents are exposed to the
total set of institutional elements X as country A. Let economic agents who operate in country
B be exposed to Y. Suppose there exists an one-dimensional exogenous parameter denoted as
ϴc1 which incorporates the informal cultural institutional element c 1. ϴc1 has the feature of being
persistent over long time periods and varying distinctively across the two countries. The
parameter can show two different values: ϴc1=1 if it shows characteristic 1 and ϴc1=2 if it shows
characteristic 2. The objective function on coordination task 2 remains affected by the three
institutional elements e3 and p1 both intervals and e2 either present or absent. In this final
formulation we allow all three institutional elements possibly incorporated in the variable set
of coordination task 2 to become choice variables and change their values according to the
characteristic of the exogenous parameter ϴc1.
We assume that ϴc1 does not directly affect the objective function on coordination task 2 but it
relates to p1 and e2 incorporated in the variable set. A change in the characteristic of ϴc1 from
characteristic 1 to characteristic 2 positively affects the value of p1 and negatively affects the
value of e2. As ϴc1 enters the objective function of coordination task 2 as an exogenous
parameter we face a parameterized optimization problem.
Suppose that the exogenous parameter shows characteristic 2 in country A and characteristic 1
in country B. Utilizing the definitions on comparative statics in Complementarity Theory we
are able to show how a change in the characteristic of c 1 affects (i) the values of the institutional
elements included in the variable set and their effectiveness to solve coordination task 2, (ii) the
formation of the objective-maximizing institutional arrangement, (iii) agents’ economic
outcome of coordination task 2.
Consider the relation of the exogenous parameter ϴc1 with p1 and e2 and its influence on the
values of all set variables due to institutional interrelations. First, we evaluate how ϴc1 affects
the quality level of p1 by considering a change in ϴc1 from characteristic 1 to characteristic 2.
Applying Definition 4.1 we can see if ϴc1 changes from characteristic 1 to characteristic 2, then
a higher quality level of p1 becomes optimal:
p1*(ϴc1) denotes the optimal value of p1 which depends on ϴc1. Given p1* increases in ϴc1, then
[ϴc1=2 ϴc1=1] [p1*(ϴc1=2) p1*(ϴc1=1)]. If there are unique, unequal optimizers at ϴc1=2
and ϴc1=1, then p1*(ϴc1=2) p1*(ϴc1=1).
Provided that the persistent informal cultural institutional element exhibits a sufficiently large
influence on the optimal value of p1, then decision makers will set the actual value of p1 at a
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higher quality level in country A in which ϴc1 shows characteristic 2 as compared to country B
in which ϴc1 shows characteristic 1. Since ϴc1 is persistent it follows that p1X*>p1Y* holds
alongside history. The influence of ϴc1 delivers an explanation for the assumption we made in
the previous subsections that the quality level of p 1 is exogenously determined, cannot be
adjusted and differs across economic entities.
Second, consider that ϴc1 determines whether the informal economic institutional element e 2 is
incorporated in the total set or not. Assume if ϴc1 shows characteristic 1 then the informal
economic institutional element e2 is coherent with the informal cultural institutional element c 1
and effective to solve coordination task 2. If ϴc1 shows characteristic 2 then e 2 is not coherent
with c1 and ineffective to solve coordination task 2. We adapt Definition 4.1:
e2*(ϴc1) denotes the optimal value of e2 which depends on ϴc1. Given e2* decreases in ϴc1, then
[ϴc1=2 ϴc1=1] [e2*(ϴc1=2) e2*(ϴc1=1)]. If there are unique, unequal optimizers at ϴc1=2
and ϴc1=1 then e2*(ϴc1=2) e2*(ϴc1=1).
In country B where c1 shows characteristic 1 e2 is effective and therefore optimal to be present
in Y. The difference in the characteristic of the exogenous parameter ϴc1 gives reasoning for
the assumption e2 ∈ Y and e2 ∉ X we made in the previous subsection.
Being present e2 delivers a direct and an indirect contribution to the solution of coordination
task 2. Given e2 and e3 are complementary in solving coordination task 2 the optimal quality
level of e3 increases in the presence of e 2:
e3*(e2,p1) denotes the optimal value for e 3 which increases in e2. If [e2*(ϴc1=2)
and e2=e2* [e3*(e2(ϴc1=2))] [e3*(e2(ϴc1=1))].

e2*(ϴc1=1)]

Consider e3 is also complementary to p1 in solving coordination task 2 in country B where e 2,
e3 and p1 affect the solution to coordination task 2 the institutional arrangement (e 2,e3,p1)
exhibits a joint effect on the economic outcome of coordination task 2 which includes three
individual effects and two system effects. In country A where ϴc1 shows characteristic 2, e2 is
not effective and optimal to be absent in X, the objective-maximizing institutional arrangement
(e3,p1) exhibits two individual and one system effect on the economic outcome of coordination
task 2.
A change in ϴc1 from characteristic 1 to characteristic 2 comes with two counterbalancing
effects on the optimal value of e 3. On the one hand as the quality level of p 1 changes in ϴc1 it
becomes optimal to increase the quality level of e 3 as well. On the other hand as e2 becomes
optimal to be absent if ϴc1 changes it becomes optimal to reduce the quality level of e 3 at the
same time. The net effect of a change in the characteristic on the optimal value of e 3 is
ambiguous.
In the final analytical formulation we have shown how cross-country differences in (i) the
values of institutional elements, (ii) the objective-maximizing institutional arrangement to solve
a coordination task and (iii) agent’s economic outcome on the coordination task may be caused
by an exogenous parameter which persistently differs in its value across economic entities. Even
though ϴc1 does not exhibit a direct effect on the solution of coordination task 2 it indirectly
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influences the economic outcome of coordination task 2 via the interrelation with institutional
elements incorporated in the variable set. Given decision makers are allowed to adapt the value
of set variables to their optimum they will diverge across countries.
The set of solutions to the parameterized optimization problem on coordination task 2 becomes:
M(Se3p1;ϴc1=2) = arg maxe3|(p1),p1|(ϴc1)

f(e3X,p1X,x_e3p1)

for country A

(9.1)

M(Se2,3p1;ϴc1=1) = arg maxe2|(ϴc1),e3|(e2,p 1),p 1|(ϴc1) ∈Se2,3p1 f(e2,e3Y, p1Y,y_e2,3p1) for country B

(9.2)

∈ Se3p1

In country A in which the persistent cultural institutional element shows characteristic 1 the
objective-maximizing institutional arrangement is formed by (e3,p1). In country B in which the
persistent cultural element shows characteristic 2 the objective function maximizing
institutional arrangement is formed by (e 2,e3,p1). With ϴc1=2 in country A and ϴc1=1 in country
B the values of the institutional elements which become set variables in solving coordination
task 2 are endogenously determined and yield p1X>p1Y, e2 ∉ X, e2 ∈ Y and an ambiguous
outcome on the value of e3 which could be e3X>e3Y, e3X=e3Y or e3X<e3Y since a change in the
characteristic of the exogenous parameter comes with two counterbalancing effects on the
optimal value of e3.

7.

Empirical Relevance and Testability of the Analytical Formulations

7.1. Coordination Tasks and Institutional Elements in Scope
Of interest for the empirical implementation of the analytical concepts presented in the previous
section are coordination tasks which influence economic agents’ outcomes at the micro-level
and which in aggregation become relevant for macroeconomic outcomes and the development
of the whole economic entity. Consider for example coordination tasks on the provision of
financial capital. The total amount of investment, the investment/income ratio or interest rates
on loans may become the relevant economic outcomes of coordination tasks on investment
issues.
Empirically we observe a broad range of formal as well as informal rules and practices which
may influence the economic outcome of coordination tasks on investment issues. Private loan
agreements, public contract law or competition law exemplify formal economic rules whereas
customs in loan negotiations or reputation based sanctioning of borrowers and lenders
exemplify informal economic practices which might become relevant for the economic
outcome of a coordination task on the borrowing/lending of investment between agents.
Considering formal political rules and practices court enforceable property rights, resource
usage allowances or emission allowances may become relevant to support the solution of an
investment issue. Considering informal political rules and practices non-court enforceable land
usage agreements, resource easements or emission declarations may contribute to the solution
of the coordination task. With respect to cultural rules and practices social understandings of
fair interest rates for loans may influence attitudes, willingness and preferences whether to
borrow or lend capital for high-risk versus low-risk projects.
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7.2. Empirical Methods and Formulations
There are different methods on how the institutional interrelations and their joint effect on
economic outcomes can be empirically investigated. One way is to conduct empirical case
studies. This method holds the advantage that a broad range of both quantitative and qualitative
data can be included in the analysis and entity-specific peculiarities on the interrelation of
institutional elements and their contribution to solve a coordination their effects on economic
outcomes can be captured. Cross-country case studies may provide insights on how the
application and combination of different institutional elements may solve the same coordination
task across economic entities. However, a downturn of this method is its limits to make
statements about the generalizability of the findings because the identified relationships in the
case study may only be valid for the peculiar case.
Another way to test whether and how institutional elements interrelate and jointly affect
economic outcomes is to perform econometric analysis which include interaction terms. A
moderated regression analysis refers to a multiple linear regression method which includes
interaction terms that allow the effect of an explanatory variable on the objective variable to
depend on another explanatory variable. This provides a way to empirically identify and
quantify system effects.
Moderated regression analysis can empirically test the analytical formulations presented in this
paper. Reconsider coordination task 1 for which the empirical formulation can be rewritten as
follows:
yi = β 0 + β1e 1 + β 2e2 + β 3e1e 2 + αx_ 1,2 + ε i

(10.1)

The interaction term is represented by the product of the variables e 1 and e2. β1 and β2 are
estimates of the individual effects of e1 and e2. β3 is the estimate of the system effect stemming
from their interaction. Since e1 and e2 are either present or absent a moderated regression
analysis with an interactive dummy variable can be performed.
For a better illustration consider an income related coordination task for which we aim to
measure the effects of a formal and an informal economic institutional element on the real wage
of an economic agent. We specify equation (10.1):
WAGE = β 0 + αEDUC + β 1U_NEG + β2P_NEG + β 3(U_NEG * P_NEG) + εi (10.2)
WAGE ∈ {0,∞) denotes the real wage which is mainly dependent on the non-institutional factor
productivity which is proxied by a continuous variable on the education of the worker EDUC
∈ {0,∞). Assume we are interested in measuring how the presence of wage negotiations affect
the real wage of employees. We consider two different negotiations: formal inter-firm wage
negotiations between employers and trade unions captured with the dummy U_NEG ∈ {0,1}
and informal intra-firm wage negotiations between employers and employees captured with the
dummy P_NEG ∈ {0,1}. To identify the effect of wage negotiations the equation is rephrased
to obtain a reference group against which the estimation outcomes are compared:
E(WAGE) = β0 + αEDUC

(no wage negotiation)
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(β0 + β1) + αEDUC
(β0 + β2) + αEDUC
(β0 + β1+ β2+ β3) + αEDUC

(inter-firm negotiation only)
(intra-firm negotiation only)
(inter- and intrafirm negotiations)

(10.3)

β1 denotes the individual effect of trade union negotiations and β2 denotes the individual effect
of personal wage negotiations both relative to the reference group for which there is no wage
negotiation present. β3 is the system effect of the interaction of both negotiations and is
measured from observations in which both types of negotiations are present. If both institutions
are present, the total contribution of wage negotiations on real wage is the sum of the two
individual effects and the joint effect β1+ β2+ β3. Given β3 ≠ 0 then e1 and e2 influence each
other’s effectiveness. In case β3 > 0, then e1 and e2 are complementary and exhibit a joint effect
on the real wage which includes a positive system effect. The coefficient estimates of EDUC,
U_NEG and P_NEG and the interaction term can be tested for significance using individual ttests. An F-Test procedure can test the interaction significance of the dummies and the joint
explanatory power of the intercept and the dummies.
Now consider coordination task 2. In its most general form we write the empirical formulation:
yi = β0 + β1e2 + β2e3 + β3p1 + β4e2p1 + β5e3p1 + β6e2e3 + γx_e2,3p1 + εi

(11.1)

β1, β2 and β3 are estimates of the institutional elements’ individual effects on the economic
outcome of coordination task 2. β 4, β5 and β6 are estimates of the interaction terms for each
possible pair of institutional variables and represent system effects. The individual effects and
the system effects sum up to the joint effect of the institutional arrangement (e 2, e3, p1) with e2
∈ {0,1} and e3, p1 ∈ {0,∞).
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First, consider the joint effect of the element pair e3 and p1. Since both institutional elements
are continuous we can illustrate the marginal effects of e 3 and p1 on y1 with their partial
derivatives:
∆ yi / ∆ e3 = β 2+ β 5p1

(11.21)

∆ yi / ∆ p1 = β 3+ β 5e3

(11.22)

Equation (12.21) shows that the effect of e3 on yi depends not only on β2 but also on β5 and p1.
This means that the effect of e3 on yi varies for different values of p1. If β5p > 0, then the
marginal effect and optimal value of e3 on yi increases in the quality level of p 1. The same holds
the other way around as can be seen in equation (11.22). β5p1 + β5e3 represents the system effect
of p1 and e3. If β5 > 0 is significant then e3 and p1 are complementary in solving coordination
task 2. The effect of the institutional arrangement (e 3,p1) on the economic outcome of
coordination task 2 is therefore β2 + β3 + β5p1 + β5e3.
Now regard the joint effect of the pair e2 and p1. p1 is a continuous variable and e 2 is a dummy.
Equation (11.1) becomes:
yi = β0 + β3p1 + γx_e2,3p1 + εi

if e2 = 0

(11.31)

yi = β0 + β1e2 + β3p1 + β4e2p1 + γx_e2,3p1 + εi

if e2 = 1

(11.32)

The effect on the outcome differentiates between the group of observations for which the
dummy on the informal economic element e 2 turns 0 and the group of observations for which
the dummy on the informal economic element e 2 turns 1. In absence of e2 the total effect on the
economic outcome of coordination task 2 is captured by the individual effect of p1 on yi only.
In presence of e2 the total effect on the economic outcome of coordination task 2 consists of the
individual effect of the dummy e2, the individual effect of the continuous variable p 1 and the
system effect of e2 and p1. β4e2 represents the change in the marginal effect of p 1 on y1 when e2
is present rather than absent and β4p1 represents the effect of implementing e2 on y1 when p1
increases in its quality level for one unit. The total effect of e2 and p1 on the economic outcome
of coordination task 2 is: β1 + β3 + β4p1 + β4e2. If β4 > 0 and significant then e2 and p1 are
complementary in solving coordination task 2.
As a last step regard the joint effect of the pair e2 and e3. Since e3 is a continuous variable and
e2 a dummy the effects on the outcome again differentiate between the groups of observations
with e2 being present and e2 being absent. Similar to Equations (11.31) and (11.32) we obtain:
yi = β0 + β2e3 + γx_e2,3p1 + εi

if e2 = 0

(11.41)

yi = β0 + β1e2 + β2e3 + β6e2e3 + γx_e2,3p1 + εi

if e2 = 1

(11.42)

In absence of e2 the total effect on the economic outcome of coordination task 2 is captured
with the individual effect of e3 on yi. In presence of e2 the total effect on the economic outcome
of coordination task 2 is: β1 + β2 + β6e2 + β6e3. As long as β6 > 0 and significant e2 and e3 are
complementary and exhibit a joint effect on the economic outcome of coordination task 2.
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Given our assumption e3(e2,p1) we expect β4 = 0, β5>0 and β6>0. As long as none of the
interaction terms shows a significant negative effect the institutional elements e 2, e3 and p1 are
(weakly) complementary, the set Se2,3p1 is a sublattice and the function f(e2,e3,p1, ∙ ): Se2,3p1 is
supermodular.
In the last step of the analytical formulations we allow a persistent institutional element to
become an exogenous parameter to the objective function of coordination task 2 and indirectly
affect its economic outcome via influencing the values of set variables. Empirically one way to
account for the indirect effect of an exogenous parameter on the objective function is to
incorporate instrumental variables on the regressors and perform a two-stage instrumental
variable moderated regression analysis.
For coordination task 2 the second stage of the regression analysis remains estimating equation
(11.1). In a preceding stage the determinants of the institutional elements incorporated in the
variable set are identified. The set variables are regressed on the exogenous parameter in scope
alongside other factors which may potentially determine their values. To evaluate the degree
for which set variables explain each other’s values we control for them in the first stage
regressions:
p1 = δ0 + δ1θc1 + δ2e 2 + δ3e 3 + ε

(12.2)

Given p1(θc1) and our assumptions that p1 increases in the exogenous parameter θ c1 and is
independent of the other set variables e 2 and e3 we expect δ 1 > 0, δ2 = 0 and δ 3 = 0.
e2 = δ0 + δ 1θc1+ δ2e 3 + δ 3p 1 + ε

(12.3)

Given e2(θc1) and our assumptions that the value of e 2 decreases in θ c1 and remains unaffected
by the other set variables e 3 and p1 we expect δ1 < 0 and δ 2 = 0 and δ 3 = 0.
e3 = δ0 + δ 1θc1 + δ2e 2 + δ 3p 1 + ε

(12.4)

Given e3(e2,p1) and our assumptions that the value of e3 to remains unaffected by the exogenous
parameter θ c1 but increases in the values of both set variables e 2 and p1 we expect δ1 = 0 and
δ2 > 0 and δ 3 > 0.
Estimating two-stage instrumental variable moderated regressions enable to obtain a more
comprehensive picture on the intensity and directions of interrelations between institutional
elements and decompose the total effect into the individual effects and their joint effects on
microeconomic outcomes.
7.3. Compliance with a recent Empirical Study
I want to refer to a recent empirical study that is in compliance with the presented analytical
formulations on how interrelated institutions affect microeconomic outcomes.
Hainz and Danzer (2015) utilize bank loan data from a private commercial bank in Vietnam
with the aim to assess how collateral, property rights and bank competition affect Vietnam’s
credit market. Political change in provincial leaderships and land tiling programs caused
variations in the quality of property rights and legal institutions across Vietnamese provinces.
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This exogenous variation allows them to evaluate to what extend and how property rights affect
interest rates on consumer loans. Hainz and Danzer (2015) thoroughly depict how the bank’s
credit officers base lending decisions on a set of quantitative rules which are binding and
uniform across all bank branches in all provinces. For loans below 3.000 € no collateral is
demanded, for loans above a loan risk score determines whether the bank requests a collateral
from the borrower. A specific group of customers is never required to pledge a loan even for
large loans and poor risk scores. These are employees of larger companies which themselves
are business customers of the bank.
In a first statistical test Hainz and Danzer (2015) show that the private bank is more likely to
operate in regions with better developed legal institutions and property rights. This is because
property rights can turn (illiquid) assets into collateral for loan application with a financia l
intermediary. In the subsequent analysis they apply Diff-in-Diff, OLS and FE estimations to
obtain coefficient estimates of the property rights variable in scope while controlling for
collateral, competition and other loan, borrower, branch and time specific effects. They estimate
following equation:
yi = α0 + β1 Iproprightj + β2 Dcollati + β3 Dcollati * Ipropright j + β4 Competition + X’γ + εi
yi is the annual interest rate for loan i, lpropright j is an indicator capturing the quality of property
rights in region j, Dcollati is a dummy if the bank’s automatic risk threshold for requiring a
collateral for the loan is exceeded and Competition measured by the geographical distance
between banks.
Hainz and Danzer (2015) find that secured loans show lower interest rates as compared to
unsecured loans with a negative and statistically highly significant estimate of β2. The estimate
of β4 measuring the degree of bank competition shows a significant effect on the interest rate
and suggests that a lower degree of competition (more geographical distance between banks)
increases the interest rate on consumer loans. With respect to property rights, the estimation
results suggest that property rights do not exhibit a direct, individual effect on the interest rate
of consumer loans. β1 does not turn significant in any estimation specification (see appendix).
However, there is evidence that property rights indirectly influences consumer loans via two
channels.
The first channel works via an interaction with the collateral variable which is quantifiable with
an estimate of the interaction term Dcollati * Ipropright j. The coefficient β3 turns negative and
significant irrespective of other control variables and fixed effects. This suggests if a loan is
secured by a collateral, then better property rights contribute to an additional reduction of the
interest rate. This is reasonable since better property rights increase the probability of
liquidation in case of loan default. The significant coefficient estimate of the interaction term
refers to a system effect between collateral and property rights, which become complementary
in reducing the interest rate of consumer loans.
The second channel through which property rights affects the interest rate of consumer loans is
not quantifiable in the regression analysis. An interaction dummy on competition and property
rights as well as another interaction dummy on competition, property rights and collateral do
not turn significant in any estimation specification. This suggests that competition does not
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interact with neither property rights nor the interaction dummy on collateral and property rights
to jointly influence interest rates on consumer loans. However, it is evident from the statistical
test Hainz and Danzer (2015) present at the beginning of their analysis that there is a relation
between Competition and lpropright j which gives reason to assume that the effect of
competition on interest rates is not independent of the quality of property rights. The statistical
test suggests that property rights are a crucial determinant of the banks’ decisions whether to
be active or inactive in a province. In that way property rights influence the density of banks in
a province and therefore the degree of bank competition. The better the quality of property
rights the lower is the geographical distance between banks and the higher is the competition
among banks. In this sense the property rights institution functions as an exogenous parameter
which indirectly affect the interest rate on consumer loans via influencing the degree of bank
competition in Vietnamese provinces. A figure, a table on the statistical test and tables on the
estimation results of regression analyses presented in Hainz and Danzer (2015) are incorporated
in the appendix.
Applying the notations used in this paper the provision of investment at the micro-level can be
regarded as the coordination task and the interest rate of consumer loans as the economic
outcome in scope of Hainz and Danzer (2015). Vietnamese borrowers and lenders are the
economic agents involved. Property right is the formal political rule and collateral is the formal
economic practice in scope. Whether bank competition can be regarded as an economic
institutional rule or practices or a non-institutional economic factor lies in the perception of the
reader. The empirical study presented shows how the political property rights institution which
itself shows no individual effect on the interest rate of consumer loans does indirectly influence
the interest rate of consumer loans via interrelations with set variables. On the one hand property
rights interact with collateral to produce a joint effect on the interest rate on consumer loans
which enforces the individual effect of collateral. In that sense property rights and collateral
become complementary in reducing the interest rate on consumer loans. On the other hand
property right functions as an exogenous parameter and indirectly influences the interest rate
of consumer loans via determining the degree of bank competition.
Lastly, consider bank-enterprise agreements as a peculiarity of the Vietnamese private bank’s
lending decision. Since a specific group of customers is never required to pledge a collateral
even for large loans and poor risk scores, for this specific group of customers property right is
suggested to influence the interest rate of consumer loans only as exogenous parameter via the
competition channel. An increase in the quality level of property rights is less effective to
decrease the interest rate of consumer loans when a bank-enterprise agreement is present and
substitutes for a collateral, provided property rights is not related to the bank-enterprise
agreements.

8.

Conclusion

The analytical concepts presented in this paper account for a joint effect of interrelated
institutional elements on economic outcomes. This paper questions current investigations which
focus on measuring individual effects of different institutions and evaluating their relative
importance for economic key figures. These studies neglect the interdependence of institutions
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and their system effects on economic outcomes which arise from institutional interrelations.
Nevertheless, it is assumed that these joint effects may be substantial.
The analytical formulations presented provide the mathematical conditions for which the effect
of an institutional element on the economic outcome of a coordination task is dependent on the
presence, levels or characteristics of other institutional elements which also makes the optimal
values of interrelated institutional elements dependent on each other. I allow a number of
institutional elements from different types and kinds to become complementary set variables
and form an institutional arrangement which exhibits a joint effect on the economic outcome of
a coordination task that includes positive system effects. Moreover, I allow an institutional
element to become an exogenous parameter and indirectly affect the economic outcome of a
coordination task via influencing the optimal values of set variables.
I subsequently exemplify how an entity-specific difference in the presence, level or
characteristics of single institutional elements causes a change in the values of several,
endogenously determined institutional elements and results in the development of entityspecific institutional frameworks. As a consequence different institutional arrangements to
maximize the economic outcome of the same coordination task across countries. This suggests
an identical institutional element may exhibit a different effect on the economic outcome of a
coordination task across entities and institutional arrangements can become substitutes which
is in accordance with the empirical observation that countries apply different rules and practices
to solve similar coordination tasks.
For political economists the mechanism presented suggests that merely imitating or transferring
institutional elements to different economic entities is very likely producing different effects on
economic outcomes. Incorporated in heterogeneous institutional infrastructures the transferred
institutional element will have a different degree of interrelation with existing institutional
elements. Their effect on economic outcomes will depend on the presence, levels and
characteristics of interrelated institutional rules and practices present in the respective country.

9.

Issues

One crucial issue in the investigation of how interrelated institutions affect economic outcomes
lies in the limited observability of informal institutional elements and the complexity of
institutional interrelations which are hard to capture. The interrelations are subtle and not well
understood even for the economic agents and decision makers concerned. A single coordination
task may be directly and indirectly affected by many interrelated institutional elements and a
single institutional element may directly and indirectly affect many coordination tasks. For a
great share of coordination tasks it is difficult to identify all relevant institutional elements,
especially if the institutional elements are informal and inherent. Omitting a relevant
interrelated institutional element which directly affects the economic outcome of a coordination
task in the regression model will produce biased coefficient estimates of all interrelated
institutional elements considered. Omitting an institutional element which functions as an
exogenous parameter and indirectly influences the economic outcome of the coordination task
via interrelations with a regressor will leave coefficient estimates unbiased, however, it will
draw an incomplete picture on the source of the institutions effect.
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Highly-interrelated institutional elements may foster or constrain microeconomic outcomes of
a number of coordination tasks. Therefore they may substantially influence aggregated
outcomes and the development of an economic entity. Adapting and coordinating highlyinterrelated institutional elements can be fruitful to yield substantial increases in
macroeconomic outcomes. Changing the value of a single institutional element may possibly
change the effectiveness and induce changes in the values of several other institutional
elements. However, changing single institutional elements may also show no effect on the
economic outcome of a coordination task unless the whole set of institutional elements or the
weakest link in this set of institutional elements is changed. In case a persistent institutional
element substantially restricts the economic outcome of a coordination task, finding ways to
compensate or neutralize the negative effect of this crucial, potentially exogenously determined
institutional element can be challenging.
Identifying the weakest link may become a question of observability, changing a whole set of
variables a question of feasibility. Moreover, the coordination between and cooperation of
different decision makers may be problematic. Bounded capabilities, information asymmetries
due to decentralized decision making, imperfect communication, conflicting goals and moral
hazard issues may prevent decision makers to coordinate the values of institutional elements.
Due to the multi-functionality of institutional elements decision makers might not be aware of
all coordination tasks which are influenced by an institutional element and therefore negatively
influence economic outcomes unintendedly. Moreover, even if all coordination tasks affected
are known decision makers might face trade-offs in setting the value of institutional elements
since the optimal value of the institutional element might vary for different coordination tasks
affected.

10. Outlook
Investigating how single elements interact and jointly influence agents’ economic outcomes of
coordination tasks to understand how institutions affect economic outcomes. More work needs
to be done to explain the specific shapes of institutional frameworks. This paper captures
heterogeneity among institutional frameworks via static differences in the presence, levels or
characteristics of single institutional elements. More research on the historical development of
institutional frameworks needs to be done in order to understand the origin of the observed
differences. Investigating the dynamics of institutional interrelations and how they evoke
clustering of institutional elements across different spheres of the society is a promising next
step which might deliver an explanation for restrictions of economic outcomes for a number of
coordination tasks across different sectors in an economic entity. Cross-country heterogeneity
among institutional frameworks is promising to explain differences in the microeconomic
outcomes of single coordination tasks and differences in countries’ economic performance and
their paths of economic development.
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Prettenthaler, Christoph Töglhofer, Georg Heinrich, Andreas Gobiet: An
Integrated Economic Analysis of Climate Change Impacts on Tourism in Austria
Across Tourism Types and Seasons

09–2014

Sugata Ghosh, Ronald Wendner: Positional Preferences, Endogenous Growth,
and Optimal Income- and Consumption Taxation

08–2014

Stan Metcalfe: George Shackle and The Schumpeterian Legacy.

07–2014

Birgit Bednar–Friedl, Karl Farmer: Existence and efficiency of stationary states
in a renewable resource based OLG model with different harvest costs

06–2014

Karl Farmer, Irina Ban: Modeling financial integration, intra-EMU and Asian-US
external imbalances

05–2014

Robert J. Hill, Michael Scholz: Incorporating Geospatial Data in House Price
Indexes: A Hedonic Imputation Approach with Splines

04–2014

Y. Hossein Farzin, Ronald Wendner: The Time Path of the Saving Rate:
Hyperbolic Discounting and Short-Term Planning

03–2014

Robert J. Hill, Iqbal A. Syed: Hedonic Price-Rent Ratios, User Cost, and
Departures from Equilibrium in the Housing Market

02–2014

Christian Gehrke: Ricardo’s Discovery of Comparative Advantage Revisited

01–2014

Sabine Herrmann, Jörn Kleinert: Lucas Paradox and Allocation Puzzle – Is the
euro area different?

08–2013

Christoph Zwick: Current Account Adjustment in the Euro-Zone: Lessons from a
Flexible-Price-Model

07–2013

Karl Farmer: Financial Integration and EMUs External Imbalances in a
Two-Country OLG Model

06–2013

Caroline Bayr, Miriam Steurer, Rose-Gerd Koboltschnig: Scenario Planning
for Cities using Cellular Automata Models: A Case Study

05–2013

Y. Hossein Farzin, Ronald Wendner: Saving Rate Dynamics in the Neoclassical
Growth Model – Hyperbolic Discounting and Observational Equivalence

04–2013
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Bettina Brüggemann, Jörn Kleinert, Esteban Prieto: The Ideal Loan and the
Patterns of Cross-Border Bank Lending

02–2012

Michael Scholz, Jens Perch Nielsen, Stefan Sperlich: Nonparametric
prediction of stock returns guided by prior knowledge

01–2012

Ronald Wendner: Ramsey, Pigou, heterogenous agents, and non-atmospheric
consumption externalities

