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WICKED SYSTEMS AND THE FRICTION
BETWEEN “OLD THEORY AND NEW DATA’
IN BIOLOGY, SOCIAL SCIENCE, AND
ARCHAEOLOGY

?

CLAES ANDERSSON, ANTON TORNBERG,
AND PETTER TORNBERG

SOME OF THE most challenging and important problems facing
us both scientifically and as citizens emanate from large-scale complex
adaptive systems, such as societies and ecosystems. Diverse examples in-
clude social exclusion, credit crises, environmental unsustainability, bio-
logical evolution (with its myriad subproblems), and the evolution of hominin
culture. These problems are not only important and complex. They are also
interlinked in bewildering ways, are difficult to even define or delimit, and
appear to have become increasingly pressing lately. We seem to see and feel
the shortcomings of our understanding more acutely now than we used to
only a few decades ago.

The reasons for the increasing saliency of these sorts of problems are
manifold, and they are expressed differently in different fields, but we be-
lieve that three important and interlinked factors can be identified: (1) the-
ories that used to be thought of as safe ground are being undermined by
(2) an explosion of new data, while at the same time, (3) the development of
complexity science has provided models and concepts for expressing and
detecting these types of problems. For societal problems, an additional
point is germane: the societal system itself is becoming more and more
complex (i.e., more interconnected, less predictable, and less stable, as well
as more and more energy- and material-intensive, with a stronger effect on
ecology and climate as a result).

We believe a major transformation is occurring that spans several disci-
plines. This transformation is unfolding at different paces and along some-
what different trajectories in different disciplines, which reflects differences
in theoretical and empirical backgrounds, in what constitutes central ques-
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tions and aims. It is generating a growing substrate of semicongruent cri-
tiques and new ideas, but an understanding of what is wrong with “old
theory” is, overall, more developed than an account of what would work
better. The situation presents a need, and indeed an opportunity, for con-
ceptual tools that act to align and direct this substrate of critiques and new
ideas on an abstract level so that it can reach across disciplinary boundaries.

This chapter aims to contribute some elements of such a toolbox. We be-
gin with a review and analysis of recent empirical and theoretical trajecto-
ries, in and across three important areas where this transformation is having
strong effects: evolutionary biology, social science, and archaeology. Our ex-
ploration leads to the introduction of two interrelated tools: a metarepre-
sentational diagram and a new class of wicked systems. We probe the value
of these tools by addressing questions such as: What is “wickedness”? What
approaches have been applied successfully to understanding it? What can we
do to make further headway?

TRANSFORMATIONS IN AND ACROSS DISCIPLINES

Evolutionary biology is undergoing a dramatic transformation driven by
strong empirical advances that have occurred over the past two decades.
These advances have been interpreted as revealing a mechanistic basis for
evolution (Wagner, Chiu, and Laubichler 2000; Laubichler and Maienschein
2013; Laubichler and Renn 2015)—from molecular to ecological scales—at
a level of detail that was hardly imaginable only twenty years ago. In this
emerging picture of evolution, age-old disciplinary boundaries break down,
and trusted models are being undermined, both in terms of the predictions
they make and the assumptions that underpin them (e.g., Erwin 2008;
Odling-Smee et al. 2013; Laland 2014). Yet this new picture is not yet uni-
fied. It emerges—tantalizing in outline but still somewhat out of focus—from
a range of perspectives on the evolutionary process, including the complex
mapping between genotype and phenotype and the structuring of pheno-
typic spaces, the role of organization and history in evolution, multiple chan-
nels of inheritance, selection on multiple levels, and macroevolutionary
patterns.

These new perspectives are embodied as an evolving system of diverse
and interacting theoretical elements, such as evolutionary developmental bi-
ology (e.g., Arthur 2011), niche construction theory and ecological inheri-
tance (e.g., Odling-Smee, Laland, and Feldman 2003), ecosystems engineering
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(e.g., Jones, Lawton, and Shachak 1996), ecoevolutionary dynamics (e.g., Pel-
letier, Garant, and Hendry 2009; Loreau 2010), facilitated variation theory
(e.g., Bruno, Stachowicz, and Bertness 2003; Gerhart and Kirschner 2007),
developmental systems theory (e.g., Oyama, Griffiths, and Gray 2001), gen-
erative entrenchment (e.g., Wimsatt 1986, 2001), developmental innovation
(e.g., Erwin and Krakauer 2004), and “public goods” theories of evolution-
ary transitions (e.g., Erwin and Valentine 2013; Erwin 2015). The basis for
this new system of theories derives from empirical fields enabled by techno-
logical advances, such as comparative genomics and developmental genetics
(e.g., O’Brien et al., 1999). The lesson is that biological evolution is a much
broader and more complex problem than we previously imagined.

Laubichler and Maienschein (2013) identify two alternative narratives
about the history and future of evolutionary theory. The first, and most wide-
spread, is that we are seeing a completion of the Modern Synthesis—that is,
an “extended synthesis” (e.g., Pigliucci and Miiller 2010) where this new
mechanistic understanding is being accommodated in a cumulative fashion
and within current theoretical frameworks. The second is that there is a more
fundamental challenge to how evolutionary dynamics is understood in the
Modern Synthesis. Laubichler and Maienschein (2013) argue that we are see-
ing the emergence of a new “causal mechanistic” evolutionary biology that
has its roots in old complementary approaches to evolutionary biology
(Laubichler and Maienschein 2007).

As the detailed mechanistic basis of biological evolution is comprehended
better and better, evolutionary biology is increasingly being forced to view
its subject area similar to the way that qualitative social sciences and the hu-
manities have always viewed their subject areas. In this view, biological evo-
lution is composed of hierarchical and historical complex systems in which
contingent details matter greatly, problems and subsystems are potentially
impossible to delimit, and important interconnections exist across levels of
organization. This recent confluence between biology and social science ap-
pears to be “spontaneous”—that is, there is no suggestion that theoretical ex-
changes across this academic divide drove these developments. The emerging
view of biology reveals features that are deeply congruent with correspond-
ing features of societal systems and, as a consequence, has directed theory,
problem formulation, and debates in similar directions.

This new way of viewing biological evolution enlists historical and in-
terpretative approaches, akin to the narrative case studies used in qualita-
tive social science (e.g., Ragin 2009; Byrne and Callaghan 2014), and is evident
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in the novel theoretical trajectories listed above. Specific, contingent pro-
cesses and histories frequently must be described with diagrams and narra-
tives in order to capture their causal structure. It is not a matter of abandoning
formal modeling; rather, it is the limitations of various formalisms that have
become more acutely felt. The emerging empirical picture of evolution forces
biologists to go outside the bounds that formal modeling imposes on inquiry.

The social sciences have a long tradition of qualitative theorizing about
the detailed causal structure of society. This has nurtured an internal ani-
mosity and fragmentation between qualitative and formal quantitative ap-
proaches. The social sciences are also under increasing pressure to deliver
in terms of policy. This pressure emanates from the empirical developments
of information and communication technology, as well as from new demands
in a rapidly changing reality (e.g., Beddoe et al. 2009; Zalasiewicz et al. 2011;
Steffen et al. 2015). Not least, a mounting scale and frequency of societal and
environmental crises—a “metacrisis” (Lane and van der Leeuw 2011)—has
made the limits of our understanding and our control over society and the
global environment simultaneously more obvious and threatening.

In the wake of this metacrisis, which was neither predicted nor hindered
by our current understanding, there is a widespread sentiment that we must
broaden the range of factors we think affect the direction of society: from
the primacy of economic values to an inclusion of societal and environmen-
tal values; from a reductionist view to a more holistic and inclusive view. Al-
though there is no consensus about what this really means or entails, most
now agree that society is highly complex, and we must attend to its complex-
ity much more explicitly.

All of these developments have changed the landscape for policy, which
represents a normative dimension that biology and archaeology largely lack
(see, e.g., Byrne 2005; Scoones et al. 2007; Leach, Scoones, and Stirling 2010;
also, reflecting this fragmentation, Ball 2012; Helbing 2013). The question of
how to predict and optimize the future is yielding to an acceptance of the
tutility of such aims and an embrace of other goals, such as resilience and
sustainability. On the one hand, this raises serious questions about the effi-
cacy of many standard policy tools, most of which were designed under
different assumptions about how societal systems work (most notably, neo-
classical economics). Indeed, this challenges even our basic intuitions
about how societies evolve. But, on the other hand, it also has opened up the
promise of entirely new types of analytical tools, based on ideas about how
we can dynamically steer and scaffold society by engaging more directly with
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its causal mechanics. Possibilities include more bottom-up approaches like
the management and design of social networks of actors (e.g., Lane and van
der Leeuw 2011), the historical study of sociotechnical transitions (e.g., Geels
2002), or the management of innovation “pathways” (e.g., Leach, Scoones,
and Stirling 2007, 2010; Loorbach 2010; Wise et al. 2014).

Archaeology and paleoanthropology provide an interesting third case,
not least because biological and societal evolution fuse in a common coevo-
lutionary history. These fields have been hit by an empirical revolution that
is at least as dramatic as the one described for evolutionary biology. Again,
new and improved laboratory techniques constituted a major driving force;
for example, in biomolecular analysis (e.g., Brown and Brown 2013), use-wear
analysis (e.g., Lerner et al. 2007), palynology (e.g., Holt and Bennett 2014),
dating techniques (e.g., Aitken 2014), and methodology (Tostevin 2012). De-
tails about the lives of ancient hominins that were unimaginable until lately
are now coming to light (e.g., Kristiansen 2014); the mechanistic basis of cul-
tural evolution is being revealed, and similar to biology, there is consider-
able friction between “old theory and new data.”

Two dominant “old theory” approaches to understanding Paleolithic cul-
tural evolution can be characterized in a schematic fashion:

1. A cognitive/physiological approach (CPA) that emphasizes cognition,
as both an enabler of and constraint on culture. The CPA is pervasive
but is rarely championed explicitly; Richard Klein typically serves as its
embodiment (and lightning rod) in the literature (e.g., Klein and Edgar
2002). Its logic dictates that periods of cultural stability must express
what is maximally attainable at certain levels of cognitive capability
because strong selection would rapidly exhaust cognitive potential to
produce adaptive artifacts and strategies. Transitions, consequently,
would be the result of genetic novelty that confer new and distinct
behavioral “packages.”

2. An ecological/economical approach (EEA) largely based on behavioral
ecology and economic constraints like time consumption and energy
costs (inter alia). The EEA is often contrasted to the CPA approach,
which focuses more on artifacts and hominin taxonomy. The EEA
emphasizes geographically and temporally varying environmental
selection pressures as the prime mover of change in the past (e.g., Foley
and Gamble 2009). In this approach, cognition is seen more as a con-
tributor to variability than as a set of fixed capacities.
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Neither of these approaches is sufficient on its own, and controversy typi-
cally concerns the relative importance of the features they emphasize. More-
over, both share a common Modern Synthesis model of adaptation where
the fitness of physiological and cultural expressions, relative to an external
environment, is the sole provider of evolutionary direction and where evo-
lution is a process of constrained optimization.

As we move into the Holocene with sedentary farming communities,
the discourse shifts weight from biology to sociology and anthropology; the
EEA remains, but the CPA falls to the side as cognitive evolution loses its
centrality.

This is natural since the more recent empirical record presents archae-
ologists with considerably more detail than earlier periods. But, despite this
different theoretical emphasis, the prescriptions of older universal models
in those traditions are not that different from those of the CPA and neither
is the friction caused by emerging empirical patterns. For example, the idea
of transition as a sudden appearance of a new “package” has been equally
important in Neolithic research (e.g., Cilingiroglu 2005; Barker 2006) as it
has been for Paleolithic research (e.g., McBrearty and Brooks 2000; Belfer-
Cohen and Hovers 2010).

Formal Darwinian approaches to cultural evolution were introduced and
developed starting in the early 1980s (e.g., dual-inheritance theory and evo-
lutionary archaeology; see Cavalli-Sforza and Feldman 1981; Boyd and Rich-
erson 1985; Mesoudi 2011). These go outside of the mainstream that the
CPA and EEA describe, but they largely fit into the same pattern as they seek
to identify a unified theoretical basis from a fundamental principle of orga-
nization (e.g., population thinking). These approaches adapt models from
population genetics and rational choice theory, with population dynamics
coming out as so fundamental and dominant that other factors become sec-
ondary or peripheral.

The new wealth of detailed data is being interpreted in terms of a more
gradualist pattern (e.g., McBrearty and Brooks 2000; McBrearty 2007; Ma-
her, Richter, and Stock 2012), often characterized as more complex, messy,
intermittent, and in need of attention to detail (e.g., Barker 2006; Hovers and
Kuhn 2006; Habgood and Franklin 2008; Belfer-Cohen and Goring-Morris
2011; Hovers and Belfer-Cohen 2013). There is a search for new theoretical
traction (e.g., Hauser 2012; Zeder and Smith 2009; Zeder 2014; Stiner et al.
2014; Stiner and Kuhn 2016) as older prime mover and single origins theo-
ries are undermined.
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Overall, the weight of evidence tells us that ecological, evolutionary, and
societal systems do not work as previously assumed for the sake of method-
ological expediency. In and across these disciplinary fields, new empirical
knowledge undermines old theory in three major ways: (1) it buttresses old
complaints about poor predictions, explanations, and policy advice from
these traditional approaches, (2) it refutes central assumptions, many with an
axiomatic status, that underpin old theory, and (3) old theory is frequently an
obstacle to making sense of these new data. The reason is that we are not just
dealing with more data but new types of data, which older theory was de-
signed specifically to ignore since they could not be accessed with confidence.
As a consequence, old theory is frequently criticized for not being extendable
in the required directions, necessitating more radical theoretical innovation.

A wealth of new theoretical elements emerges in this friction between old
theory and new data, but they are at present not strongly aligned, not even
within the fields. The “search for new theoretical traction” is still very much
unfolding; obtaining it is the challenge and opportunity that lies before us.

A WICKED THEORETICAL CRISIS

What we see in this emerging picture is the outline of a class of systems that
exhibit a deep similarity and encompass both societies and ecosystems. This
similarity provides a common platform from which to search for new the-
ory. The outline revolves around features known to be methodologically
problematic, the key elements of this new empirical picture (e.g., complex-
ity, lacking clear levels of organization, heterogeneous structure, etc.). The
proposed deep similarity is expressed as similar sets of problems, theoreti-
cal responses, debates, models, and concepts; it crystallizes more and more
clearly as we explore and discover more about these systems. Call this class
of systems wicked systems because they are distinct from and yet related to
complex systems, which would otherwise be a natural label.

The label wicked systems accents a potentially deep connection (whose
exact nature remains to be worked out) between this class of systems and
what have been called wicked problems in social science. The term wicked
problems was first coined in management research by Horst Rittel (briefly
introduced by West Churchman [1967]) to characterize a class of problems
that did not fit into the mold of formal systems theoretical models that were
being applied widely and with considerable confidence at the time. Most
large-scale societal problems fall naturally into the category of wicked prob-
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lems: starvation, climate change, geopolitical conflicts, social disenfran-
chisement, and so on. These problems resist definitional characterization,
and the efficacy of proposed solutions is called into question frequently, not
only with regard to feasibility and adequacy but also with respect to the risk
of creating cascades of unforeseen problems that may be worse than the ini-
tial problem (see also Leach, Scoones, and Stirling 2007; Scoones et al.
2007). With wicked problems, we either tame them by creating “an aura of
good feeling and consensus” or by “carving off a piece of the problem and
finding a rational and feasible solution to this piece” (West Churchman 1967).
This also describes the problems we discussed initially across all three fields,
encapsulating the troubles we face when applying old theory to new data.
By considering “wickedness” as a system quality, we can generalize to speak
of wicked dynamics, wicked phenomena, and wicked systems. This allows us
to refer to these crises and transformations in a unified way and articulate
the growing realization that the sciences must face wickedness more directly
on its own terms. But how? Will our old weapons and battle plans work? Can
they be incrementally changed and combined to meet the challenge? What
sort of understanding, prediction, or control can we expect, realistically? To
begin answering such questions, we need to better characterize wickedness
as a system quality. One place to start is with a review of approaches that
have been applied historically to evaluate how they have succeeded and failed.

HOW DO WE DEAL WITH WICKEDNESS?

A battery of approaches have been used in the past to deal with wicked sys-
tems. These approaches fall into four broad categories: narrative theory, an-
alytical models, systems theory, and complexity science. Narrative-based
theory—basically disciplined or systematic thinking and communication—is
very old, whereas the latter three formal approaches are newer additions to
the toolbox that we apply to understand the world (Figure 13.1). The confi-
dence we place in these to understand wicked systems is typically buttressed
by a strong track record of success in understanding other, less unruly, sys-
tems (often in the physical sciences). They encourage us to see that we only
need bring these unrulier systems under the umbrella of “proper science”
and away from the interminable talk, hairsplitting, and subjective opinion
that is seen as inherent to narrative approaches. But we are still waiting for
the breakthrough, and, to varying degrees, there are signs of stagnation in
all three approaches.
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Where does this leave us with regard to wicked systems? Although com-
plexity is a crucial concept and complexity science arouses the most enthu-
siasm as a problem-solving strategy, the latter appears to have hit considerable
resistance in the face of these systems. Although concepts like path-
dependency, attractors, tipping points, and chaos have transformed ideas
about causality in society and biology, these highly general lessons have
proven hard to operationalize for wicked systems. Complexity science ap-
pears to offer a perpetual promissory note, but by examining its lack of
achievements, we can glean insights into how these systems work.

Complexity, as invoked so far, is not well defined; that is precisely our point
of entry for the remainder of our exploration. Setting aside the vast and frag-
mented literature that attempts to define complexity, both because it is unnec-
essary and likely a misguided project, we will approach complexity ostensively
by assuming that “complexity is what complexity science does (well).”

COMPLEX, COMPLICATED, AND WICKED

Complexity scientists often distinguish between complexity and complicat-
edness (or dynamical versus structural complexity; see, e.g., Erdi 2008). These
two system qualities are often contrasted for the purpose of explaining what
complexity science focuses on: complexity is associated with bottom-up self-
organization, such as the behavior of a school of fish or a crowd, whereas
complicatedness is associated with top-down organization, such as in engi-
neering. Though not a formal definition, it helps to illuminate the practice
of complexity science, which deals with complexity, not complicatedness,
even though the latter can be seen as a subset of the former.

The history of complexity science helps to illuminate how this practice
and (largely tacit) meaning of the term complexity emerged. The Santa Fe In-
stitute (SFI) acted as a powerful uniting and aligning force in what today is
referred to as complexity science. Founded in 1984 by a group of highly influ-
ential scientists, many of whom were active at the nearby Los Alamos National
Laboratory, the SFI was the first dedicated research center for complexity
science. Because of the founders, it was tightly linked to the origins of scien-
tific computing and dynamic systems theory (see, e.g., Galison 1997). Al-
though many important ideas about complexity predate SFI, such as are found
in qualitative social science and systems theory (see, e.g., Sawyer 2005;
Vasileiadou and Safarzyska 2010), it remains the case that the SFI came to
define a mainstream of complexity science and thereby also, in practice, the
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concept of complexity as understood by scientists, policymakers, and the
public.

The SFI was created as a multidisciplinary center. Although it remains
highly multidisciplinary, it is not as methodologically diversified. The pri-
mary methodology that was (and still is) pursued at the SFI is formal and
quantitative, much closer to natural science and quantitative social science.!
Computer simulation is at the heart of this methodology, which puts into
motion the entities and interaction rules of dynamic systems. This extremely
flexible methodology makes it possible to study and visualize dynamics that
were previously inaccessible to the human mind—aided or unaided. Above
all, it makes possible a systematic inquiry into emergent properties in dy-
namic systems. This capability provided a powerful impetus to the forma-
tion of complexity science worldwide with the SFI as its central hub.

The typical model in this tradition has a microlevel of abstract agents or
nodes existing in a predefined environment. Complexity scientists study and
probe the patterns that arise on an emergent macrolevel from the dynamic
interaction between these agents or nodes. This is what complexity science
does well. Individual traditions and scientists may be more or less strongly
aligned with it, but anyone claiming to work with “complex systems” must
relate to this methodology in one way or another. Thus, complexity is a con-
cept whose meaning is constructed mainly by the complexity science com-
munity working with it.

Making this typical construal of complexity explicit helps to reveal the
limitations of its applicability and delimit the class of systems that are
amenable to analysis using it.? In short, although complexity and compli-
catedness are linked in numerous ways, they present radically different
sets of methodological and theoretical challenges.

Are societal systems and ecosystems complex or complicated? On the one
hand, they are undeniably complicated, with multilevel organization and a
bewildering array of qualitatively different and interacting entities. Systems
theories seize upon what appears to be an irreducible complicatedness of so-
cietal systems. Yet society is also a complex system in the bottom-up self-
organization sense (e.g., Sawyer 2005; Castellani and Hafferty 2009; Ball
2012). One can even argue that much of its complicated structure arises
from bottom-up rather than top-down processes. The story is similar for
ecosystems. There is no reason why systems cannot be both complicated
and complex at the same time; our two wicked systems appear to be excellent
examples of this type of system.
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Figure 13.2 uses these two dimensions as axes to map out a space of pos-
sibilities (see Andersson, Térnberg, and Térnberg [2014b] for a discussion
focused on societal systems). We thereby obtain a separation between types
of systems that we otherwise tend to conflate as “highly complex” and our
wicked systems cluster where both dimensions are emphasized (i.e., complex
and complicated). Surprisingly, the possibility of systematically exploring the
consequences of systems exhibiting both complexity and complicatedness
has not been pursued explicitly.> Complexity science may be aware that com-
plexity and complicatedness are distinct qualities, but complicatedness in
complex systems is not seen as a fundamental problem. That they are com-
plex is fundamentally important; extending mainstream complexity science
to deal with them is seen as challenging but, essentially, gradual and cumu-
lative work. However, wicked systems are not a type of complex system but
rather fall within a system where complexity and complicatedness are both
present. This combination—wickedness—is not something that complexity
science, systems approaches, analytical models, or combinations thereof ad-
dress very well.

UNDERSTANDING THE COEVOLUTION OF METHODS,
PROBLEMS, AND SYSTEMS

Why is it so difficult to extend mainstream complexity science to wicked sys-
tems? This is a question about the relations between methods, problems,
and systems. The answer boils down to why formal approaches, in general,
will be incapable of dealing comprehensively with these systems. In Figure
13.3, the four basic approaches—narrative theory, analytical models, sys-
tems theory, and complexity science—are mapped onto the complexity-
complicatedness plane. Narrative approaches are not married to assump-
tions of low complexity and complicatedness, but they quickly run into
problems when complexity or complicatedness become too prevalent. Thus,
narrative approaches fall roughly in the middle of the diagram. The intro-
duction of analytical models over the past few centuries, such as Newtonian
physics, neoclassical economics, and Modern Synthesis evolutionary biology,
achieve analytical power by abstracting away from the richness of real-world
systems (much of which was inaccessible empirically). These successes,
especially in the natural sciences, dovetail with the Platonic idea that nature
is at the bottom, governed by simple and elegant laws that the sciences un-
cover. In the mid-twentieth century, the “complicated flank” was occupied
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Figure 13.2. (a) Sorting systems according to complexity is problematic in many ways. Most would
probably agree that the examples listed are in some sense complex systems, but it remains unclear
what we mean by complexity. There is a lingering feeling that we are comparing apples and oranges.
(b) Differentiating between complexity and complicatedness is commonplace, but here we are using
this differentiation in a novel way: to open up a space where we hope that our examples will be
better spaced and cluster in a more interesting way, yielding something like the diagram (c), in
which we indicate also the region in which complexity science has been successful contra the region
corresponding to systems of high complexity in general. There is considerable room for argument
about where the examples are placed, how they should extend across the diagram, and what
exceptions may exist. It is a strength of the diagram that it can serve as a basis for such discussions.
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increasingly with the development of general systems theory and cybernet-
ics. This was motivated in part by a need to match the macroscopic organi-
zation of systems but also by the conviction that elegant laws resided in
holistic systems. As cheap computing became widely available in the 1980s,
complexity science entered the scene and covered the “complex flank.” The
search for universal laws focused on emergent patterns in dynamic systems.

Formal approaches are unable to address many of the problems that
wicked systems present us with (see above, section 2). Instead, they selectively
address subproblems that happen to fall in their domains or transplant prob-
lems from near the wicked corner to the corners of their methodological
preference (Figure 13.4). In the former case, important but limited “snap-
shots” of the system in question can be obtained, typically with a taste of
revealing laws of great generality. Although these often reveal important
major principles, we are faced with the problem of how to combine the
snapshots (see also Wimsatt 1975). In the latter case, we may get spurious
results because strong assumptions mean that the benefit of using formal
methods of analysis does not warrant the price in realism.

What Figures 13.2 and 13.3 primarily accent is that there is a theoretical
lacuna for wicked systems. This theoretical lacuna does not emerge clearly
unless we systematically make a separation between complexity and com-
plicatedness. But our diagram also emphasizes further questions: What is
“wickedness”? Why is it so analytically recalcitrant?

THE GENESIS OF WICKED SYSTEMS

Complexity and complicatedness can be seen as mutually reinforcing in
our two principal examples of wicked systems: societies and ecosystems.
Self-organization generates, changes, and maintains macrostructure. Mac-
rostructure, in turn, scaffolds and creates a multitude of arenas for self-
organization. How do wicked systems originate? How do complexity and
complicatedness become fused into wickedness? How are wicked systems
maintained? What sets them apart from systems where either complexity or
complicatedness dominates?

Complicated systems, such as machines and organisms, have distinct life
cycles and tend to be adapted to specific functions in the context of an
external environment. They have an initial phase of assembly or develop-
ment, during which they are shielded from the rigors that face the com-
pleted system during a subsequent use phase. Automobiles, for example, get
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Figure 13.3. The types of problems that different approaches are competent at dealing with, as
seen on a plane described by a complexity and a complicatedness axis.

assembled according to strict plans, and they are used as automobiles only
once fully assembled. Organisms develop under some use-phase require-
ments, the most basic being they must remain alive throughout develop-
ment, and juveniles of many species (not least, humans) gradually become
exposed to the rigors of adult life, while metamorphosing species undergo
one or more transitions between different ecologically adapted forms. What
we describe is more salient in K-strategists; r-strategists invest in large num-
bers rather than robustness in, and shielding of, the offspring. In both cases,
investments are needed to minimize the effects of conflicts between func-
tional and developmental requirements. The life spans of complicated
systems are usually sufficiently short, so the environments they are adapted
to can be assumed to change very little. They are fundamentally not designed
to be very flexibility and their flexibility mainly resides between rather than
within life cycles, such as in design processes, variation and selection re-
gimes, and so on. The strong and fundamental nature of this constraint on
evolutionary adaptation is evident from the high investment that organs
provide even limited intragenerational adaptability represent—for example,
the adaptive immune system and brains that provide a capacity for learning
or even culture.
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Figure 13.4. Wicked problems can be treated as complex, simple, or complicated problems in order
to apply formal machineries. Although human cognition (represented as narrative) appears adapted
to dealing with wickedness, likely as a result of coevolving with human cultural systems,
insurmountable problems arise for systems as wicked as ecosystems and modern societies.

Wicked systems are complicated, but they are neither designed nor
assembled. They have contingent histories and lack a separation between as-
sembly and use phases. However, they also are complex, though they do not
self-assemble from simple (e.g., regular or random) initial states, which is
how complexity science models complex systems. Change, adaptation, and
mitigation in these systems typically constitute what is meant by wicked prob-
lems (see above, section 6).

Something that seems to characterize adapted complex and complicated
systems is the lack of incentive for parts to benefit at the expense of the whole.
Along with external shielding during an assembly phase, this is an impor-
tant factor that lends flexibility and precision to their processes of formation:
they may be designed, assembled, and changed “in peace” so as to fulfill an
overall functionality. When interactions are not necessarily symbiotic, such
as when humans are part of social systems, one finds distinct mechanisms
for eliminating such interactions and for enforcing an overall alignment of
the parts (e.g., various forms of detection and policing, such as by immune
systems, legal systems, intelligence agencies, the military, etc.). The relation
between somatic and germ line cells (e.g., Michod and Nedelcu 2003) repre-
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sents the most potent example because it signifies how even the potential of
parts to rebel against the whole is eliminated.

Wicked systems are open arenas for complex interactions between com-
plicated systems, where these interact freely (complexity), creating and dis-
solving structure (complicatedness) across levels of organization and
constantly changing the environment for the interacting components (again,
complexity). In these arenas, we find a range of types of interactions. San-
dén and Hillman (2011) describe this heterogeneity of interactions in soci-
ety using terminology borrowed from ecology. These stem from the set of
possible outcomes for agents in pair-wise interaction: favorable (+), neutral
(0), and unfavorable (-). For three or more agents, there are symbiotic (++),
competitive (-), neutral (00), parasitic (+-), commensal (+0), and amensal
(-0) interactions. The presence of a full set of ecological interactions is cen-
tral to the quality of wickedness because the organization of such systems is
constantly in upheaval—it never settles into something that is easy to un-
derstand, adapt, or design.

WICKED SYSTEMS AS POORLY DECOMPOSABLE SYSTEMS

It is not hard to imagine why systems exhibiting this range of interactions
would be challenging to understand formally, but can we understand formally
why they cannot be understood formally? This could offer a more detailed map
of the exact methodological problems with these systems. Such an understand-
ing might inform us about what approaches are likely to work in particular
contexts and could serve to make it easier for formalists and nonformalists to
collaborate. One way of understanding why wicked systems are so recalcitrant
that is both formal and intuitive and accessible to formalists and nonformalists
alike is in terms of not exhibiting near-decomposability (Simon 1996). Near-
decomposability turns out to be necessary for almost all formal theorizing.

Simon (1996) introduced the concept of near-decomposability to explain
in a clear and systematic way what conditions need to be fulfilled for a sys-
tem to be studied in a formal and controlled manner. In order to study a sys-
tem in isolation, its dynamics cannot be disturbed significantly by outside
influences. We should be able to identify an internal environment where the
dynamics under scrutiny take place and an external environment that is
assumed to be stable, or variable only in highly regular ways. The bound-
ary between the internal and external environment is referred to as the in-
terface (Figure 13.5). What we study with a model is the internal environment.
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Figure 13.5. Illustration of Simon's ontology for near-decomposable systems, where an interface
subsumes all components and dynamics that happen within objects (in their inner environment).
The object can then be treated as a cohesive whole, interacting via interfaces with other objects
against the constant background of an outer environment.

Hierarchical system organization is also important: our internal environ-
ment constitutes the external environment of the objects that populate
it. Objects are dealt with only in the form of interfaces, such as via their in-
teractions with other objects in the studied system. The beauty of all of this
is that it makes the world manageable: we declare our system autonomous
from external disturbance and hide any complexity or complicatedness at
lower levels of the hierarchical organization.

We study this internal environment on a timescale that is long enough
for our objects’ interfaces to be meaningful and for important dynamics to
have time to occur and short enough for our assumptions about the inter-
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faces to remain valid.? The greater the separation of scales between the in-
ternal and the external environment, the greater the difference in size and
speed of the dynamics on these two levels, giving more interesting things
time to happen. For example, models of particle physics can be formulated
in this way because those systems exhibit clear scale separation. Engineered
systems are designed to fit this description (Simon 1996; see Figure 13.6).

In many important cases, we can make assumptions of near-
decomposability for wicked systems and thereby bring powerful scientific
approaches to bear on them. Certain subsystems, such as crowd behavior,
protein folding, or the ceteris paribus fate of a new trait in a population, can
fit this description and become amenable to complexity science modeling.
The dynamics of cars and people play out over much shorter timescales than
urban systems, roads, and traffic regulation change. Such phenomena are
often ephemeral, which bounds the problem even further. For example, at
night the traffic jam dissipates and leaves no traces that affect tomorrow’s
traffic. Similar features obtain for abstractly conceived phenomena that de-
pend on persistent features, such as network dynamics, geography, basic re-
source constraints, or strategic dilemmas.

What about evolutionary and ecological phenomena more generally? For
example, what about sociotechnical transitions, evolutionary radiation
events, or other wicked problems? Wicked systems are open systems in which
many and diverse types of processes coexist, coevolve, and have an impact
on each other across overlapping timescales and levels of organization. They
involve discontinuous, qualitative change as well as cascade effects (e.g., Lane
2011), whereby change strongly and rapidly feeds back on the conditions for
further change. Such systems are difficult to contain in a suitable timescale
for transitions to be studied against the background of an unchanging

- ~— Scale separation
. //
_ 4

Figure 13.6. An illustration of Simon’s ontology for near-decomposability, nested hierarchically into
levels with clear scale separations. This facilitates focusing on one level of organization at a time,
subjecting microlevels and macrolevels to strong simplifying assumptions.
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Figure 13.7. In wicked systems, levels of organization break down, with interactions going across
scales, not least due to a continual formation, change, and dissolution of objects (see section 7).

external environment. The fundamental problem in this context for com-
plexity science, or any approach that relies on these ontological assump-
tions, is that there is no way of partitioning wicked systems into distinct
and persistent levels of organization (Figure 13.7).

WEe BEGAN by reviewing recent developments in evolutionary biology, ar-
chaeology, and social science, pointing out interconnections and similarities
in terms of their problems, debates, new ideas, and new data. A historical
dearth of data—both in terms of volume and types of data—made it easier to
base elegant theoretical models upon strong assumptions about complexities
that were unknown. Considerations of methodological expediency were
thereby not resisted by empirical knowledge about the causal and material
bases. Strong general bodies of theory, emphasizing the broad strokes, emerged
in this environment, as did disciplines dedicated to their study. But merit is not
the only thing that conserves these theories and disciplines and the boundar-
ies that we have erected between them: they have been subject to generative
entrenchment and hardening. This is what we refer to as old theory. New data
is much more multifaceted, and voluminous bodies of empirical knowledge
that call into question many of those generatively entrenched basic simplifying
assumptions—about human behavior, culture, development, and so on—are
now causing friction against the hardened pillars of old theory.

The cautions that we would like to make are, first, that the conclusion that
old theory can accommodate old data is a convenient one and should be scru-
tinized critically: it may be so, but there are structural reasons why we may
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shun the effort of going for more fundamental reevaluations. Another reason
is that generative entrenchment partly consists in, precisely, a priming of our
imagination as we innovatively search for new solutions: it has accustomed us
to think about dynamics and causation, what legitimate problems look like,
what tools are deemed secure, and so on. This type of constraining facilita-
tion of innovation has many names across these fields, such as facilitated
variation in evo-devo (Gerhart and Kirschner 2007), design spaces in innova-
tion theory (Stankiewicz 2000), and developmental canalization in behavioral
biology. The second caution is that we live in an “innovation society,” in times
that value novelty and change highly (Lane 2016). There is the opposite risk of
overreaction and of equating “old” with “bad.” What is called for, we believe,
is a delicate and thoughtful reevaluation of the old in the light of the new.

The emerging empirical pictures in these fields are frequently referred
to as a complex. To get a better idea about these issues we factored com-
plexity into two component qualities: complexity and complicatedness—
corresponding to dynamic and structural complexity, respectively. This made
it possible to map four different approaches (narrative theory, analytical
models, systems theory, and complexity science) onto distinct system
classes that are simple, complex but not complicated, complicated but not
complex, or both complex and complicated (i.e., wicked). This mapping dis-
played interactions between methods, systems, and problems, while leaving
a conspicuous lacuna near the “wicked corner.”

We argued that the described friction may, moreover, be understood as
a much broader encounter with a distinct system quality: wickedness. The
term originated, indeed, precisely in the interaction between strictly formu-
lated systems theory and the societal problems to which they were applied
(Rittel and Webber 1973); the friction in this case did not have to wait for
advanced empirical instruments to emerge.

Next, we turned to answering how wicked systems work and where they
come from, aiming to differentiate them from, yet keeping them in relation
to, complex and complicated systems. Wicked systems were deemed best de-
scribed as arenas for complex interaction between complicated systems.
They remain “enclosed” and in recurrent interaction, but the absence of ef-
fective top-down alignment means that any structure that emerges will con-
stantly be in flux, with constant qualitative change flowing up and down a
poorly scale-separated hierarchy. As a consequence, they conform poorly to
the key requirements needed for formal modeling to be effective, such as
near-decomposability (Simon 1996).
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Even though wicked systems are distinct from complex and complicated
systems, they are typically addressed as if they belonged to one of these
classes. Grappling with wicked systems as distinct types of systems is a
promising direction for future research. Any resulting understanding could
contribute to a more systematic metatheoretical discussion, foster new
transdisciplinary connections, and improve our capability to use new em-
pirical assets and tackle pressing problems.

NOTES

1. In the SFI “mission and vision” statement (http://santafe.edu/about
/mission-and-vision/), the commitment to quantitative approaches is ex-
plicit: “SFI combines expertise in quantitative theory and model building
with a community and infrastructure able to support cutting-edge, distrib-
uted and team-based science.”

2. See also Byrne’s (2005) concept of “simple complexity” and Morin’s
(2007) concept of “restricted complexity,” which align with the complexity
science mainstream; Byrne and Callaghan (2014) discuss the dominance of
this mainstream.

3. Atleast, not recently, and with the benefit of more developed sciences
of complexity at hand. See Wimsatt (1975) for an early and interesting anal-
ysis that goes a long way in this direction (also reprinted in Wimsatt [2007]).

4. For instance, a human can make decisions (a typical interface fea-
ture) over a timescale of minutes but hardly on a timescale of milliseconds.
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