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1. INTRODUCTION

Establishing micro-macro links to explain social macro-level phenom-
ena as a result of the behavior of individual actors is a core aim
of model building in sociology. Schelling’s models of segregation,
published in the very first volume of The Journal of Mathematical
Sociology (JMS; Schelling, 1971, see also his Micromotives and
Macrobehavior, 1978, that has become a ‘‘modern classic’’), have
become a paradigm for micro-macro links (see also Sakoda’s closely
related model in the same 1971 JMS volume). Schelling’s models
show that the macro-level phenomenon ‘‘extreme residential segre-
gation by ethnicity’’ can emerge when individuals living in integrated
neighborhoods are satisfied if at least 50% of their neighbors are of
their own ethnicity but move if they are part of the minority. Many
subsequent contributions in JMS have been implicitly or explicitly
concerned with micro-macro issues as well. Examples include
Coleman’s (1972) model of social exchange and work on opinion
dynamics such as Friedkin and Johnsen (1990).

In this introductory chapter to the JMS special issue on micro-
macro links and the dependence of macro-level outcomes on micro-
level assumptions, we start by reviewing key features of explanations
of social phenomena that employ micro-macro links. We refer to such
explanations as micro-macro explanations or micro-macro models. We
organize our discussion around Coleman’s well-known scheme, which
is the standard tool for representing micro-macro models. Next, we
highlight some antecedents of micro-macro modeling in sociology
and of Coleman’s scheme. A sketch of some paradigmatic examples
of micro-macro links follows. We then turn to micro-level assumptions,
focusing on a major issue, namely, the robustness of macro-level impli-
cations to variations in micro-level assumptions. We conclude with an
overview of some recent developments in micro-macro modeling and of
the contributions to the special issue.

2. MICRO-MACRO LINKS: COLEMAN’S SCHEME

Much formal modeling of micro-macro links in sociology has roots in a
family of research programs that conceive of sociology as a problem-
and theory-guided discipline, with theory construction aiming at the
explanation of social phenomena (see Section 3). Explanations involve
deductive arguments or variants of such arguments. Thus, theory
construction involves more than specifying sets of hypotheses. Theory
construction also comprises specifying assumptions, including but not
restricted to hypotheses, as well as specifying implications of these
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assumptions. Due to the focus on implications, analytical rigor is an
ingredient of these programs. Implications should include testable
implications: empirical content in the sense of testability (at least
‘‘in principle’’) is a criterion for appraising sociological theories. Like-
wise, empirical tests of implications are a core aim and empirical
corroboration is a criterion for appraising theories in addition to testa-
bility. Thus, the integration of theory construction and empirical
research becomes an aim, too.

Coleman (1987a, 1990) provided a stylized scheme that has become
a standard way of representing micro-macro links. In his scheme,
depicted in Figure 1, nodes A and D represent propositions describing
macro-conditions and macro-outcomes, respectively. Arrow 4 repre-
sents propositions about an empirical regularity at the macro-level,
for example, an association between macro-conditions and macro-
outcomes. The macro-outcomes D and the empirical regularity 4
represent explananda. Node B represents (descriptions of) micro-
conditions, that is, independent variables in assumptions about
regularities of individual behavior or, more ambitiously, in a theory
of individual behavior. Arrow 1 represents assumptions on how social
conditions affect these variables. For example, social conditions such
as networks and institutions as well as prices can be conceived as
opportunities or, conversely, constraints that affect the feasible alter-
natives between which actors can choose. Social conditions likewise
shape the incentives associated with various feasible alternatives
and shape actors’ information. Various labels have been suggested
for such assumptions on macro-to-micro relations. Here, we follow
Lindenberg (1981; Wippler and Lindenberg, 1987) and label them
‘‘bridge assumptions.’’ Node C represents micro-outcomes, that is,
descriptions of individual behavior. Assumptions about regularities of
individual behavior or a theory of individual behavior are represented
by arrow 2. Thus, arrow 2 represents a micro-theory. Finally, arrow 3
represents assumptions on how actors’ behavior generates macro-
outcomes. Again following Lindenberg (1977; Wippler and Lindenberg,

FIGURE 1 Coleman’s scheme.
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1987) we use ‘‘transformation rules’’ as a label for such assumptions
on micro-to-macro relations. It is evident from the scheme that the
explananda, that is, descriptions of macro-outcomes (D) or macro-
regularities (4), follow from an explanans comprising assumptions on
individual behavior (2), macro-conditions (A), and bridge assumptions
(1) and transformation rules (3).

To make things more concrete, consider a simplified example that
Coleman (1987a, pp. 160–163; 1990, pp. 203–215, pp. 912–925) uses:
escape panics as a case of collective behavior. Imagine a crowded thea-
ter in which a fire alarm goes off, with limited time for the visitors to
leave the theater. Node A represents a description of this situation in
the theater. Node B represents assumptions on the available alterna-
tives for those in the theater such as ‘‘dashing’’ versus ‘‘orderly moving
to the exit’’ as well as assumptions on the actors’ incentives for choos-
ing one of the alternatives. Node C represents a description of the
actors’ actual choices between their behavioral alternatives. The
macro-outcome represented by node D is then ‘‘panic’’ or ‘‘collective
exit of the theater in an orderly fashion.’’ Arrow 1 could then represent
the bridge assumption that under the macro-conditions represented
by node A the actors are involved in a situation that resembles a
Prisoner’s Dilemma (PD) with ‘‘dashing to the exit’’ as a dominant
strategy for each actor. In Coleman’s account, arrow 2 represents
rational choice theory and more specifically the assumption of equilib-
rium behavior in the sense of noncooperative game theory. Thus, con-
cerning the micro-outcomes represented by node C, the assumptions
summarized so far imply that each actor will choose the dominant
strategy and will dash to the exit. Arrow 3 is then conceived as a trans-
formation rule specifying that the macro-outcome ‘‘panic’’ ensues from
dashing behavior of the actors. Hence, our assumptions jointly imply
the macro-outcome ‘‘panic’’ as well as a macro-level regularity that a
fire alarm in a crowded theater produces a panic (see Brown, 1965,
for a similar account and Helbing, Farkas, and Vicsek, 2000, for an
alternative micro-macro model of escape panics).

Some additional remarks on Coleman’s scheme are useful. First,
note how the labels ‘‘macro’’ and ‘‘micro’’ are used. In Coleman’s
terminology, ‘‘macro’’ refers to social systems such as a family, a city,
a business firm, a school, or a society (Coleman 1986a, p. 346), whereas
‘‘micro’’ refers to individuals.1 Hence, in terms of the number of actors
involved, ‘‘macro’’ may refer not only to large but also to small social
systems. The system might be a network involving a sizeable number

1There are also well-known examples of micro-macro models with corporate actors
(Coleman, 1990, Parts III and IV) on the micro-level.
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of actors. The macro-conditions might then be network characteristics
such as density and transitivity, and the macro-outcomes might be
Pareto efficiency or Pareto suboptimality resulting from economic or
social exchange between the actors involved in the network. Or the
system might be a dyad consisting of two actors. For example, the
interdependence structure of a two-person Prisoner’s Dilemma is a
macro-condition, and results of individual behavior in the Prisoner’s
Dilemma such as Pareto efficiency or Pareto suboptimality are cases
of macro-outcomes.

Second, one might wish to inquire into the methodological status of
the various assumptions in Coleman’s scheme. In particular, what is
the status of the arrows 1–4 in the scheme? A detailed discussion is
beyond the scope of this introduction (see Opp’s contribution in this
special issue for further discussion and references), but it seems quite
clear that the arrows should be conceived broadly. Arrow 4 represents
assumptions about empirical regularities on the macro-level, includ-
ing associations between macro-level variables, rather than general
causal laws, let alone empirically corroborated causal laws. Con-
versely, arrow 2 represents assumptions on regularities of individual
behavior and perhaps a general theory of behavior. Concerning bridge
assumptions represented by arrow 1 and transformation rules repre-
sented by arrow 3, they may include empirical assumptions as well
as analytical statements such as definitions.

Third, ‘‘micro-macro link’’ is ambiguous from the perspective of
Coleman’s scheme. In a narrow sense, ‘‘micro-macro link’’ can refer
exclusively to arrow 3. In a broader sense, ‘‘micro-macro link’’ can refer
to explaining macro-outcomes (node D) or macro-regularities (arrow 4)
using assumptions on individual behavior (arrow 2), macro-conditions
(node A), as well as bridge assumptions (arrow 1) and transformation
rules (arrow 3). We use ‘‘micro-macro link’’ in this broader sense.
Hence, we avoid cumbersome terminology like ‘‘macro-micro-macro
link’’ and systematically refer to assumptions represented by arrow
3 as ‘‘transformation rules.’’

What are key features of explanations of macro-phenomena that
employ modeling micro-macro links? Without claiming that our list
is complete, we mention five features. First, Coleman’s scheme clearly
indicates that such explanations focus on macro-phenomena as expla-
nanda and try to highlight macro-conditions rather than exclusively
micro-conditions as part of the explanation.2

2Thus, such explanations follow the minimal program of sociology that has been set
forth already by Durkheim (1895=1982) in his Rules of Sociological Method.
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Second, while aiming at the explanation of macro-outcomes or
macro-regularities, the theoretical core of the explanation involves
micro-level assumptions, together with bridge assumptions and
transformation rules. Various arguments have been provided why
using the micro-level in the explanation of macro-phenomena is pref-
erable to an approach that tries to provide explanations exclusively
in terms of macro-assumptions (see Coleman, 1990, pp. 3–5). For
example, Coleman (1990, pp. 3–4) and Wippler and Lindenberg
(1987, p. 138) reason that, compared to assumptions on macro-level
regularities, assumptions on regularities of individual behavior are
less subject to changing boundary conditions that affect whether or
not these assumptions apply in a given situation: human nature is
relatively stable in the sense that actors behave similarly under the
same conditions, while associations between macro-conditions and
macro-outcomes are less stable.

Third, explanations according to Coleman’s scheme follow simple
principles of model building. Model building faces the tradeoff between
on the one hand simplifying assumptions that preserve tractability
and analytical power allowing for the derivation of implications,
including testable implications, at the cost of being less realistic and,
on the other hand, more complex and realistic assumptions that make
it more difficult to derive implications. Thus, it makes sense to start
with a model that is as simple as possible, making simplifying assump-
tions explicit. Subsequently, one can introduce more complex assump-
tions in a stepwise fashion when simplifying assumptions turn out to
be problematic because, for example, implications are highly depen-
dent on such assumptions rather than being robust or because impli-
cations fare badly in the light of empirical evidence. This procedure is
known as the method of decreasing abstraction (Lindenberg, 1992).

Consider once again Coleman’s example of a fire alarm in a crowded
theater. Our simple rational choice model represents the situation as a
Prisoner’s Dilemma and implies panic as a macro-outcome. Account-
ing for the observation that a panic is sometimes avoided, one can then
refine the model. Coleman considers a more complex model with node
A also representing assumptions on features in the theater that facili-
tate or hinder communication and coordination between those in the
theater. Such a feature could be the presence of actors on the stage
who are visible to everyone in the theater and can thus more easily
coordinate collective behavior. Under such conditions, the behavioral
alternatives represented by node B may not only include ‘‘dashing’’
versus ‘‘orderly moving to the exit’’ but also the option to make one’s
own behavior conditional on the behavior of others or, in Coleman’s
terminology, ‘‘transfer of control.’’ The bridge assumptions of such a
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model would then specify conditions such that ‘‘transferring control’’
becomes a feasible and attractive strategy in addition to ‘‘dashing’’
and ‘‘orderly moving.’’ The more complex model can then account for
the avoidance of a panic and can also yield implications on who is more
likely to dash than others. For example, the more complex model may
imply that the highly visible actors are less likely to run than those
less observed by others.

The principle of sufficient complexity (Lindenberg, 2001) comple-
ments the method of decreasing abstraction by requiring that even
the simplest model assumptions should be complex enough such that
the phenomenon to be explained can be described rather than being
assumed away. In the collective behavior case, this requires among
other things that the model at least includes explicit assumptions on
strategic interdependency between the actors, thus implying that
whether or not an actor can reach the exit depends not only on his
or her own behavior but also on the behavior of other actors.

Fourth, micro-macro models typically try to employ comparatively
simple micro-level assumptions while simultaneously trying to incor-
porate more complex assumptions on macro-conditions as well as speci-
fying the transformation rules as carefully as possible (see Coleman,
1987b, for a succinct statement). The motivation seems to be threefold.
Micro-macro models aim at explanations of macro-outcomes and at
incorporating macro-conditions in the explanation rather than at
explaining individual behavior as such. Hence, it seems reasonable to
allow for complexity of macro-assumptions. Furthermore, since deriv-
ing macro-implications from micro-assumptions as well as bridge
assumptions and transformation rules is often a nontrivial task, it
seems advisable to keep the micro-assumptions simple with an eye
on tractability of the model. Finally, Coleman argues that the careful
specification of transformation rules is not only a core task of sociology
but also that sociological explanations are often deficient precisely with
respect to the transformation rules. Hence, Coleman assumes that
investments in improving transformation rules will be more
beneficial for theory development in sociology than improving micro-
assumptions.3 It seems straightforward to motivate careful specifi-
cation of bridge-assumptions in a similar way.

3Note the similarity with Coleman’s earlier arguments for ‘‘synthetic theories’’ in his
Introduction to Mathematical Sociology (1964, p. 34ff; see also p. 516ff). In fact, synthetic
theories can be conceived as transformation rules in micro-macro models: ‘‘it is charac-
teristic of many of these theories that they begin with postulates on the individual level
and end with deductions on the group level’’ (Coleman, 1964, p. 41).
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Finally, macro-outcomes are typically the result of interdependence
between actors, such as interdependencies in the game-theoretic sense
that the outcomes of an actor’s behavior depend not only on own
choices and possibly chance events but also on the behavior of other
actors. Moreover, due to interdependence, macro-outcomes are often
unintended consequences of individual behavior: the very fact
that outcomes depend also on the behavior of others means that the
intentions an actor pursues need not coincide with the outcomes of
the actor’s behavior.

It should be added that Coleman’s scheme provides a highly stylized
and simplified representation of full-fledged micro-macro models, leav-
ing complex issues implicit. The nodes and arrows summarize possibly
numerous and rather different kinds of assumptions. Also, model
building involves not only the careful specification of assumptions
but crucially involves deriving implications from assumptions.

3. ANTECEDENTS OF MICRO-MACRO MODELS AND OF
COLEMAN’S SCHEME

Micro-macro models have roots that can be traced back to the Scottish
Moralists of the 18th century (Hume, Adam Smith, Ferguson; see
Schneider, 1967). For example, the Scottish Moralists focused on
explaining macro-phenomena, using assumptions on human nature
and pushing the idea that macro-phenomena are often unintended
results of individual behavior in situations with interdependence
between actors. Smith’s ‘‘invisible hand’’ is a well-known metaphor
for unintended consequences of individual behavior in market con-
texts, whereas, for example, Ferguson tried to account for the emerg-
ence and dynamics of norms and institutions as an unintended result
of the behavior of interdependent actors. The research program of the
Scottish Moralists advocates the methodological unity of the social
sciences. It is thus not surprising that core ideas of this program have
been influential and that micro-macro models are used throughout the
social sciences that focus on explaining macro-phenomena. Similarly,
key ideas underlying micro-macro models can be identified in various
strands of methodological individualism that derives from Scottish
moral philosophy (see the reader O’Neill, 1973, and the overview
Udehn, 2001). Research programs in economics, including neoclassical
economics, but also, for example, the new institutional economics and
evolutionary economics as well as applications of game theory in eco-
nomics, have contributed to the development of micro-macro models
and employ such models (see a microeconomics textbook such as
Mas-Colell, Whinston, and Green, 1995).

8 W. Raub et al.
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Social exchange theory (Homans, 1958; Blau, 1964) is commonly
(e.g., Coleman, 1986b) seen as the pioneer of micro-macro models
in modern sociology, at least for small groups and teams in formal
organizations. Other modern work in sociology that pioneered micro-
macro models is less known, while its contributions to micro-macro
models and to the understanding of micro-macro modeling are sub-
stantial. In Europe, the structural-individualistic research program,
sometimes labeled ‘‘explanatory sociology,’’ developed since roughly
the 1970s. This program, pushed by authors such as Albert, Boudon,
Opp, Hummell, Lindenberg, Wippler, Esser, and others, developed
the methodological foundations and tools for micro-macro models in
much detail, provided theoretical studies involving micro-macro mod-
eling, and induced empirical research (Wippler, 1978, provides a suc-
cinct summary of the program; see Raub and Voss, 1981, for a more
detailed overview). For example, Lindenberg (1977, 1981; Wippler
and Lindenberg, 1987) and Hummell and Opp (1971; see also Opp,
1979) developed the methodological tools needed for micro-macro
modeling, including the use of micro-assumptions as well as bridge
assumptions and transformation rules in such models. Ziegler (1972)
and Hummell (1973) clarified the use of formal modeling in establish-
ing micro-macro links. Seminal theoretical studies and many exam-
ples of applications of the program can be found, for example, in
Boudon (1974, 1977, 1979).

We conclude this brief overview of related research programs by
pointing out that micro-macro models likewise resemble middle-range
theories in the sense of Merton (1968). As Hedström and Udehn (2009)
have shown, paradigmatic examples of middle-range theories à la
Merton, such as his analyses of unanticipated consequences, self-
fulfilling prophecies, and the Matthew effect, typically comprise
explanations of macro-phenomena in terms of macro-to-micro links
represented by bridge assumptions, micro-assumptions about beha-
vioral regularities, and micro-to-macro links through transformation
rules.

While Coleman’s scheme has meanwhile become a standard way of
representing micro-macro links, it is worth noting that the scheme
itself has several predecessors. In fact, the scheme already appears
in McClelland (1961, p. 47). Quite some time before Coleman pushed
the idea, Lindenberg (1977; see also Wippler and Lindenberg, 1987)
had developed a scheme for explaining macro-phenomena comprising
exactly the components of Coleman’s scheme, albeit organized in a
somewhat different way, namely, adapting the Hempel-Oppenheim
model (Hempel, 1965) of explanations (see Fig. 2). To facilitate
comparison, we have indicated explicitly where the various elements

Micro-Macro Links and Microfoundations 9
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(nodes and arrows) from Coleman’s scheme are located in Linden-
berg’s version. Note that the horizontal lines indicate that the prop-
osition below (the explanandum) is implied by the assumptions
above (the explanans). The scheme indicates that micro-macro models
involve two steps. In the first step, micro-outcomes (‘‘individual
effects’’) are explained using a micro-theory together with initial con-
ditions comprising assumptions on macro- as well as micro-conditions
and bridge assumptions. In the second step, macro-outcomes (‘‘collec-
tive effects’’) are derived from a set of assumptions that include the
micro-outcomes from the first step, possibly additional boundary con-
ditions, and the transformation rules. Hernes (1976, p. 518) and Bou-
don (1979, ch. 5) offer schemes representing micro-macro links in
similar ways. Boudon makes it clear that to account for processes over
time, one needs an extension of Coleman’s scheme. More precisely, one
could conceive of the macro-outcomes (node D) as the ‘‘initial’’ node of a
further micro-macro link and so forth, leading to a sequence of ‘‘con-
nected’’ schemes, similar to Figure 1, that account for the development
of a social process over a number of periods 1, 2 . . . Such an extended
version of the scheme also indicates how micro-macro models can
endogenize the macro-conditions of a micro-macro model.

4. SOME PARADIGMATIC EXAMPLES OF
MICRO-MACRO MODELS

We now briefly highlight some paradigmatic examples of micro-macro
models. The various features of micro-macro models are reflected in
these examples, including the focus on explaining macro-outcomes
rather than micro-outcomes, the focus on macro-conditions, the use
of relatively simple micro-assumptions, careful specification of bridge

FIGURE 2 Lindenberg’s scheme (including references to the nodes and
arrows in Coleman’s scheme).
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assumptions and transformation rules, and the explanation of
macro-outcomes as an unintended result of the behavior of inter-
dependent actors.

4.1. The Perfect Market Model in Neoclassical Economics

While Coleman was clearly aware that sociologists typically do not
study perfect markets, he considered the perfect market model as an
exemplary case of establishing micro-macro links (Coleman, 1987a,
pp. 157–158). The characteristics of a perfect market are the relevant
macro-conditions. Given rational behavior of actors, unintended
macro-outcomes of individual exchange behavior can be derived such
as the existence of an equilibrium with a set of equilibrium prices
for the goods and an equilibrium distribution of goods among actors
as well as Pareto-optimality of the equilibrium. It is an exemplary case
because it is nonobvious that the macro-outcomes are in fact implied
by the model assumptions. The perfect market model shows that prov-
ing theorems, that is, showing that certain consequences follow from
assumptions, is a core ingredient of model building.

4.2. Production of Collective Goods

Olson’s (1965) theory of collective goods is an often cited example of a
micro-macro model. It is a useful example in at least two respects.
First, it can be used as a nontrivial example for the use of bridge
assumptions in micro-macro models. After all, core assumptions of
Olson’s theory are on how the macro-condition ‘‘group size’’ affects
the costs and benefits of individual contributions. Similarly, Olson’s
theory comprises bridge assumptions that specify how the macro-
condition ‘‘existence of selective incentives’’ modifies these costs and
benefits. Second, the theory reveals the importance of transformation
rules in micro-macro models. Using a rational choice model as the
micro-theory, one can derive micro-outcomes in the sense of individual
contributions (or individual noncontribution) to the collective good and
can study how individual contributions vary with macro-conditions
such as group size and the availability of selective incentives. Subse-
quently, however, further assumptions are required, namely trans-
formation rules that specify how the production of the collective
good depends on individual contributions and further conditions.
Depending on context and application, such transformation rules
may be simple rules of aggregating the individual contributions. This
may be the case, for example, in a laboratory experiment on public
goods production. In other cases, however, the transformation rules

Micro-Macro Links and Microfoundations 11
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can be considerably more complex. For example, ‘‘individual contri-
bution’’ may mean ‘‘becoming a member of an organization (such as
a trade union) that engages in producing the collective good.’’ The
transformation rule would then have to specify how collective good
production depends not only on individual contributions but also on
various further conditions such as whether the collective good can
exclusively be provided by the organization, how the success of the
organization depends on the number of members, and so forth.

4.3. Schelling’s Models of Segregation

These models show how extreme residential segregation can arise as
a macro-outcome from macro-conditions that include an initially
integrated situation (see Schelling, 1971, 1978, ch. 4). Fascinating fea-
tures of the models include that extreme segregation can arise without
preferences of actors (or households as corporate actors) for living in
segregated neighborhoods. ‘‘Mild’’ assumptions on individual prefer-
ences and behavior suffice. For a context with two groups, each com-
prising 50% of the population, it suffices to assume, for example,
that actors are content and do not move if at least 50% of their neigh-
bors belong to their own ethnicity. They move only if they are in the
minority in their own neighborhood. If they move, they move to a
nearby neighborhood that is consistent with their threshold for being
content. Under this assumption actors may actually prefer to live in
integrated rather than segregated neighborhoods. Also, extreme resi-
dential segregation can arise as macro-outcome without assuming
macro-conditions such as discrimination on the housing market that
would evidently favor segregation. Residential segregation arises in
these models since actors are interdependent through the macro-
condition ‘‘neighborhood composition.’’ Thus, assuming an almost
perfectly integrated situation, there are very few actors who move
initially. However, these moves set a process in motion by changing
the neighborhood composition in their original as well as in their
new neighborhood, thus inducing moves of other actors and so forth.
Hence, macro-level segregation arises as an unintended result of
uncoordinated moves of actors on the micro-level and can be a result
that is worse for almost every actor than an integrated situation. In
terms of Coleman’s scheme, the dynamic nature of Schelling’s models
is noteworthy: segregation develops in a number of ‘‘rounds,’’ with
moves of actors in each of those rounds. Almost perfect integration
is a macro-condition (node A) in round 1 and the segregation-level that
emerges as a macro-outcome (node D) through the actors’ moves in a
given round is a macro-condition in the next round.

12 W. Raub et al.
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4.4. Network Formation

The study of the emergence of social networks has a long tradition in
JMS with three special issues edited by Doreian and Stokman in 1996,
2001, and 2003, and is meanwhile attracting much interest by econo-
mists (see Dutta and Jackson, 2003, and the textbook Jackson, 2008).
In network formation models, networks and their characteristics are
not conceived as exogenous fixed structures but rather result endogen-
ously from the behavior of actors who establish, maintain, or delete links
with others. Macro-conditions include opportunities to establish rela-
tions such as meeting places of actors. Bridge assumptions include
assumptions on how networks create value for actors; for example, net-
work positions with more structural holes may be more worthwhile than
other network positions (Burt, 1992; Buskens and Van de Rijt, 2008).
The assumptions at the micro-level often assume bounded rationality,
namely, myopic best-response behavior, which implies that actors
change relations if that is immediately beneficial, but they do not take
subsequent changes of relations by other actors or by themselves into
account.Macro-outcomes in suchmodels can be, for example, (in)equality
of outcomes or inefficiency and Pareto suboptimality of the emerging net-
work (Dogan, van Assen, van de Rijt, and Buskens, 2009). Again, these
are unintended consequences of interdependent action. Often, the
macro-outcomes depend strongly on specifications of bridge assumptions
and transformation rules. For example, the choice-set of an actor,
whether actors can only change one relation at a time or more relations
simultaneously, can affect macro-outcomes. Likewise, the ordering in
which actors can make their choices, whether they can change relations
simultaneously or only sequentially, can affect macro-outcomes.

5. MICROFOUNDATIONS

A comprehensive discussion of alternative micro-theories that are used
in different micro-macro models is beyond the scope of this
introduction.We rather highlight some key issues by focusing onmicro-
foundations in another paradigmatic example of micro-macro models,
namely, models of cooperation in social dilemmas (see Buskens and
Raub, 2010, for an overview of research on social dilemmas; for broad
overviews of alternative micro-models and micro-assumptions in vari-
ous fields, see Camerer, 2003; Loewenstein, 2007; Lindenberg, 2001).
While much of the discussion generalizes to other social dilemmas as
well, we focus on the well-known Prisoner’s Dilemma (PD) as depicted
in Figure 3 and assume that the payoffs T, R, P, and S are material
outcomes for the two actors such as own money or own points that

Micro-Macro Links and Microfoundations 13
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will be converted into money at the end of an experiment. In terms of
Coleman’s scheme, important macro-conditions are, for instance, that
the actors cannot enter binding agreements and commitments, and
that it is a one-shot rather than a repeated game.

Rational choice theory and more precisely game theory (see
Rasmusen, 2007, for a textbook) can be used as a microfoundation for
studying social dilemmas such as the PD. Rational choice theory and
game theory can be seen as specifications of the idea of incentive-driven
and goal-directed behavior. In terms of Coleman’s scheme, arrow 2 then
represents the assumption of equilibrium behavior (roughly, each actor
maximizes own utility, given the other actor’s strategy). Applications of
rational choice theory require the use of additional assumptions over
and above the assumptions of utility maximization or equilibrium
behavior. More precisely, substantive assumptions are needed that spe-
cify, for example, the actors’ feasible alternatives, their preferences,
and their information. In other words, one needs to specify the assump-
tions represented by node B in Coleman’s scheme. For the PD, some
of these assumptions, such as the feasible alternatives, namely,
cooperation and defection, are already represented in Figure 3. In a
standard rational choice model for the PD, one also assumes that the
actors are exclusively self-regarding in the sense of being only inter-
ested in maximizing own payoffs (i.e., a selfishness assumption of the
type ‘‘utility¼ own money’’) and that they have complete information
about the game, including information about the other actor’s prefer-
ences. Then, the payoffs in Figure 3 can be interpreted as utilities for
the actors, and Figure 3 represents the normal form of the game. Under
our assumptions, defection is a dominant strategy for each of the actors
and equilibrium behavior thus implies mutual defection as the
micro-outcome. Also, Figure 3 reveals that defection by both actors
implies Pareto suboptimality as a macro-outcome.4

4Our example of the PD indicates that bridge-assumptions characterizing the inter-
dependency between the actors as well as the transformation rule linking individual
behavior with macro-outcomes such as Pareto efficiency or, respectively, Pareto subop-
timality are implicit in the normal form of the game. A more elaborate description of a
game that likewise comprises bridge assumptions and transformation rules implicitly
is the tree-like extensive form.

FIGURE 3 The Prisoner’s Dilemma (T>R>P>S).

14 W. Raub et al.
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The standard rational choice micro-model is parsimonious. This
facilitates keeping micro-macro models of social dilemmas tractable
when they become more complex (see Wippler and Lindenberg,
1987; Coleman, 1987b, 1990, p. 19). For example, one may wish to
replace the macro-condition ‘‘one-shot interaction’’ by more complex
macro-assumptions on various forms of ‘‘embeddedness’’ (Granovetter,
1985) of the PD, such as repeated interactions between the two actors.
In a still more complex model, the two actors are part of a network:
each actors is also involved in interactions with third parties and
actors receive information on how their partners behave in interac-
tions with third parties. The parsimony of a standard rational choice
micro-model then allows for deriving implications from these more
complex micro-macro models on when and how embeddedness induces
cooperation rather than defection in a social dilemma like the PD and
implications on Pareto efficient macro-outcomes. An important feature
is that, due to embeddedness, cooperation can be a result of entirely
self-regarding rational actors who follow principles of reciprocity in
the sense of tit for tat-like behavior. Thus, these models also show that
Becker’s (1976) well-known rule can be fruitful to use simple assump-
tions on actors’ preferences and to focus on effects of macro-conditions
when applying rational choice theory rather than making assumptions
on preferences more complex.

Parsimony such as in standard rational choice models can come at
the cost of lack in empirical accuracy. For example, many empirical
regularities in experiments on social dilemmas, including the PD,
are hardly consistent with rational and self-regarding behavior. This
refers specifically to much cooperative behavior in one-shot social
dilemmas (see Camerer, 2003, for a review). Empirical regularities
from many other contexts, including contexts with as well as without
strategic interdependencies between actors, are likewise hard to rec-
oncile with rational and self-regarding behavior (see Camerer, 2003,
for such regularities in strategic situations and Kahneman and
Tversky, 2000, for an overview of the extensive work on ‘‘anomalies’’
in situations without interdependence between actors).

Various reactions are conceivable, given such findings. One such
reaction (see Harsanyi, 1976, chs. 6 and 7; 1977, chs. 1 and 2) is that
although rational choice models may yield empirically problematic
conclusions, it is useful to employ them for establishing a ‘‘benchmark’’
so that empirically observed refutations become themselves expla-
nanda for more refined models. Another argument (e.g., Goldthorpe,
2000) is that errors in predicting individual behavior with a rational
choice micro-model will cancel out on the macro-level. Finally, Becker
(1976, ch. 8) has developed the argument that typical macro-outcomes
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of micro-macro models are robust to replacing the rational choice
micro-model by alternative micro-models. Coleman (1987b; 1990, p.
19) argues in a similar direction and suggests that replacing simple
rational choice assumptions by more complex micro-theories would
undermine the tractability of the micro-macro model in the sense that
it becomes unfeasible to derive implications for macro-outcomes at all,
certainly so when complex bridge assumptions and transformation
rules are involved in the model.

Such arguments are meanwhile far from undisputed. Experimental
work on social dilemmas shows that not only micro- but also
macro-outcomes such as contribution levels in public good games that
model collective action problems are often hard to explain as a result of
rational and self-regarding behavior, indicating that the ‘‘errors cancel
out’’-argument might be problematic (for reviews, see Camerer, 2003;
Camerer and Fehr, 2004; Ledyard, 1995). Theoretical work has
established for various contexts, certainly so for contexts with inter-
dependency between actors, that idiosyncratic deviations from the
micro-predictions of a rational choice model need not cancel out on
the macro-level, that macro-level implications need not be robust rela-
tive to variations in micro-level assumptions, and that alternatives to
standard rational choice assumptions do yield new implications for
macro-outcomes (see Akerlof and Yellen, 1987; Frey and Eichenber-
ger, 1994; Fehr and Gintis, 2007). A simple example for repeated social
dilemmas, including the PD, is that, assuming equilibrium behavior,
actors’ risk preferences affect their behavior and consequently the
macro-outcome (Raub and Snijders, 1997; Van Assen, 1998). Hence,
micro and macro implications of a rational choice model for
cooperation in a repeated social dilemma are not robust to merely
varying assumptions on risk preferences.

It is thus not surprising that alternative micro-theories have been
developed and are being used in models of cooperation in social dilem-
mas as well as in many other micro-macro models. Many of these alter-
natives preserve the idea of incentive-guided and goal-directed
behavior. One can then roughly distinguish two kinds of alternatives
to standard rational choice micro-models. First, one can retain
rational choice assumptions such as the assumption of Nash equilib-
rium behavior but replace standard additional assumptions such as
the assumption of self-regarding behavior. Influential examples are
models that assume inequity aversion or similar motives as elements
of actor’s utility functions as well as heterogeneity between actors
with respect to the strength of such motives (see Fehr and Schmidt,
2006; Fehr and Gintis, 2007, for systematic surveys). The important
feature is that these models have implications for micro- as well as

16 W. Raub et al.
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macro-outcomes in very different contexts and that they imply that
behavior strongly depends on macro-conditions. More precisely, these
models imply much cooperative behavior in many social dilemmas but
seemingly selfish behavior in market contexts. While these models are
less parsimonious than standard rational choice micro-models, tracta-
bility and testability is preserved.

Second, there are micro-models that replace the rationality assump-
tions themselves and use alternative decision rules and behavioral
heuristics, often modeling ‘‘bounded rationality.’’ Such micro-models
include, for example, a variety of models assuming myopic behavior,
backward-looking learning models, and evolutionary models (see Macy
and Flache, 2009, for an overview and further references). They are
also used as microfoundations for models of cooperation in social
dilemmas. For example, Macy and Flache (2002) employ a learning
model for the analysis of conditions for cooperation, whereas Trivers
(1971) and Axelrod (1984) provide well-known variants of evolutionary
models of cooperation. Note that such micro-level assumptions are
sometimes integrated in micro-macro models that allow for analytical
equilibrium solutions. Often however, these micro-level assumptions
are incorporated in models that rely on computational simulation
models.

It is still an open question whether, in what respects or under what
conditions such alternative micro-models should be seen as better
alternatives to standard rational choice models and how broadly they
can be applied. Also, note that the introduction of alternative
micro-theories in micro-macro models leaves the question open how
much priority should be given to empirical tests and to empirical cor-
roboration of micro-assumptions when the focus is on macro-outcomes.
It seems to be reasonable to consider modifying microfoundations
at least when actors’ behavior deviates systematically from the
behavior implied by the micro-theory and when deviations from the
implications of the micro-theory have strong implications for macro-
outcomes.

6. SOME RECENT DEVELOPMENTS

Our selective overview has largely focused on contributions of ‘‘modern
classics’’ to key features of micro-macro models, including microfoun-
dations of such models. We conclude with some pointers to recent
developments that appear to be fruitful.

In a series of publications, Hedström (2005; Hedström and Bearman,
2009; Hedström and Ylikoski, 2010) has advocated the research
program of analytical sociology (see Diekmann, 2010; Opp, 2007, for
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critical discussions). Analytical sociology ‘‘seeks to explain complex
social processes by carefully dissecting them and bringing into focus
their most important constituent components. The approach focuses
on traditional sociological concerns but uses explanatory strategies
more often found in analytical philosophy and behavioral economics.
It is an approach that seeks precise, abstract, realistic and action-
based explanations for various social phenomena’’ (Hedström, 2005,
p. 1). Many features of micro-macro modeling fit well with such a pro-
gram. The approaches we reviewed can even be seen as variants of a
broad analytical sociology program. However, Hedström likewise ties
analytical sociology to what he labels ‘‘mechanism-based explana-
tion’’ and to his ‘‘DBO theory’’ (desires, beliefs, and opportunities) of
action. Hedström accentuates the differences between mechanism-
based explanations and deductive arguments, let alone deductive-
nomological explanations in Hempel’s sense. Also, while it is tempting
to conceive of DBO theory as a useful umbrella term for micro-theories
that rely on the idea of incentive-driven and goal-directed behavior,
Hedström (2005, p. 41) seemingly sees rational choice theories and
learning theories as alternatives rather than special cases of DBO
theory. It thus remains to be seen if and in what sense analytical soci-
ology will contribute to spelling out and expanding the common core of
research on micro-macro problems in sociology.

Fruitful applications of other micro-models than rational choice
theory are used in roughly two kinds of micro-macro models (see
Macy and Flache, 2009, for a useful overview). First, there are micro-
macro models that succeed in combining assumptions on alternative
decision rules and behavioral heuristics with equilibrium models that
allow for an analytical approach. Such models include applications of
evolutionary game theory, learning models, stochastic evolutionary
models, and applications of models from physics to social dynamics.
Analytical tractability induces a strong need for various simplifying
assumptions also in these classes of models. Second, agent-based
computational models have been developed and meanwhile figure
prominently in micro-macro modeling (Macy and Flache, 2009, is a
concise introduction to agent-based computational models; Sawyer,
2003, discusses the link with micro-macro models; Epstein, 2006,
provides a manifesto).5 These models rely on simulation methods
rather than on analytical solutions, allowing for much more flexi-
bility with respect to incorporating ever more assumptions and para-
meters in the model. Thus, there is a tradeoff between making a

5As outlined in Hegselmann and Flache (1998), Schelling’s models of segregation
can be seen as a ‘‘classic’’ of agent-based modeling.
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micro-macro model more realistic and simultaneously hampering
the understanding of how and why such a model generates certain
macro-outcomes. Also, while the sometimes used slogan ‘‘com-
putational experiments’’ may suggest otherwise, it is useful to keep
in mind that agent-based computational models are theoretical
models. Such models may be useful for deriving testable implications
on macro-outcomes, but they should not be conflated with empirical
research.

A further development is toward more integration of micro-macro
modeling with empirical research. Interestingly, Coleman (see his pro-
grammatic statement 1986b) argued already in an early phase that
micro-macro models based on rational choice assumptions might con-
tribute to a better integration of theory and empirical research in soci-
ology. However, while Coleman has contributed much to empirical
research in very diverse fields as well as to the methodology of empiri-
cal research, it is hard to deny that his theoretical and his empirical
work developed quite independent from each other, without system-
atic mutual influence (see Heckman and Neal, 1996). Micro-macro
modeling based on the rational choice approach has been criticized
for its week links with empirical research (Green and Shapiro,
1994), but this situation has changed. For example, Goldthorpe’s
(2000) arguments for a sociological alliance involving quantitative
analysis of large-scale data sets and rational action theory has been
influential and seems to have encouraged quite some work by theorists
as well as empirical researchers aimed at reducing the gap between
micro-macro models based on rational choice assumptions on the one
hand and empirical research in sociology on the other (see Blossfeld
and Prein, 1998, for an example). In fact, Wittek, Snijders, and Nee
(in press) is aimed at taking stock of this development. We tend to
believe that such an emerging alliance has contributed to more accept-
ance of micro-macro modeling in sociology in general and certainly in
the scientific community of empirical researchers (see also various
contributions in Hedström and Bearman, 2009, for indications in this
direction). While Goldthorpe advocated the use of survey research,
another approach that contributes to a merger of micro-macro models
and empirical research is the use of experiments, such as in behavioral
game theory (see Camerer, 2003; Fehr and Gintis, 2007). Other impor-
tant contributions involve the development of statistical models
that facilitate better integration of theoretical micro-macro models
and empirical research by integrating core assumptions of micro-
models into the statistical model itself. Good examples of this are
statistical models for the co-evolution of networks and behavior (e.g.,
Snijders, 2001).
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7. OVERVIEW OF THE SPECIAL ISSUE

The contributions in this special issue, we believe, reflect key features
of micro-macro modeling in sociology as well as recent progress in this
field. The special issue starts with three contributions that employ
equilibrium analysis and analytical solutions. Two articles rely on
rational choice micro-models. Gächter and Thöni address micro-macro
models of voluntary cooperation. They show how macro- and micro-
conditions jointly affect individual behavior and macro-outcomes such
as market wages and contribution levels to public goods. Specifically,
they show how assumptions on purely self-regarding behavior can be
avoided without endangering empirical testability: a rather parsi-
monious extension of the assumption of self-regarding behavior
provides predictive power for a large set of macro-outcomes. Also, in
the tradition of behavioral game theory, they show how laboratory
experiments can fruitfully be used for empirical research in this field.

Micro-macro models often assume that actors are homogeneous.
Using a rational choice micro-model, Yamaguchi studies how predic-
tions for macro-outcomes change if we assume that the population of
actors is heterogeneous rather than homogeneous. He assumes hetero-
geneity in the sense of differences among actors in their costs and ben-
efits associated with choices they make. In terms of Coleman’s scheme,
he employs complex bridge assumptions: the same macro-conditions
put different constraints on different actors or shape their preferences
differently.

Van de Rijt likewise employs equilibrium analysis to study balance
(‘‘a friend of a friend is a friend’’) in networks with changing senti-
ments between actors. Other than Gächter and Thöni as well as
Yamaguchi, he studies different assumptions about the actors’ ration-
ality in the micro-model. He shows that whether or not imbalance in
networks of relations can persist as the macro-outcome depends
strongly on the micro-model.

The special issue then proceeds with three contributions that
employ agent-based computational models. Fossett provides a large
collection of simulations that extend Schelling’s models of segregation
in several dimensions. Macro-conditions in his model include the pres-
ence of three rather than two ethnic groups, different status groups,
and housing units in different qualities. In addition to micro-
assumptions on preferences of actors concerning the ethnic compo-
sition of their neighborhood, Fossett includes actors’ preferences
concerning the status of a neighborhood as well as the quality of
housing units. His model thus also requires new bridge assumptions
on how the additional macro-conditions provide opportunities and
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constraints for the actors. Fossett also extends the macro-outcomes
considered by adding analyses of, for example, the centrality of the
different ethnic groups as a result of the actors’ housing choices.

Flache and Macy study the effects of combining changing social net-
works with changing micro-conditions on macro-outcomes related to
cultural polarization. They show that bridging ties promote cultural
diffusion and integration if there is only ‘‘positive’’ influence; that is,
actors assimilate with and feel attracted to similar others, but that
the effect reverses to differentiation in case of ‘‘negative’’ influence,
that is, actors differentiate from others who are dissimilar. This study
illustrates that the empirical applicability of a micro-macro model
requires correct assumptions onmacro-conditions andmicro-conditions
or one needs to assure that the macro-outcomes of the model are
robust to changes in such conditions.

Helbing, Yu, and Rauhut offer a model for the co-evolution of social
environments and cooperation. Thus, they contribute to a quickly
growing literature on the co-evolution of networks and behavior that
extends pure network formation models (see Roca, Sanchez, and
Cuesta, in press, for a related JMS-contribution). They analyze the
interplay of two elements of the micro-macro model, namely, the con-
dition that actors can change their neighbors by moving to another
neighborhood and the micro-assumption that actors imitate successful
others. They show that neither imitating successful others nor moving
to a more attractive neighborhood without adapting behavior is on its
own sufficient to foster cooperation. However, when actors can move to
attractive neighborhoods and in addition imitate successful neighbors,
cooperation is likely to emerge.

Finally, Opp’s contribution provides a detailed discussion of remain-
ing open theoretical and methodological problems of micro-macro
models that are based on rational choice assumptions. He also pro-
poses solutions to some of those problems and offers suggestions for
how some of these proposals can be used in further research.
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