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A B S T R A C T

The literature on transparency in participatory policy making is flourishing. With the increased digitization of our world, recent work suggests that the digitally-
enabled relationships of how policy makers and citizens observe each other may transform policy making in a fundamental way. In this paper, we use complexity
theory to examine how digitally-enabled transparency affects the effectiveness of policy making in aligning citizens with the policy goal to improve collective human
welfare. We map Kauffman's NKC fitness landscape model, a generalizable theory of co-evolutionary complexity, to the phenomenon of transparent policy making in
order to explain how transparency as an enabling generative mechanism encourages citizens to align with the policy goal without exercising central control. In our
framework, citizens are agents who co-evolve by adapting to information available in their citizen landscapes. These landscapes represent the citizens' decision
context, which policy makers observe and modify throughout an iterative policy cycle. In our study we identify three types of transparencies that relate to three
properties of the citizens' decision context: (1) individual decision interdependence; (2) decision bias; and (3) collective decision interdependence. Using conceptual
modeling, a form of inquiry combining formal representation with empirical sense making in three policy domains (e-health, smart transportation, and smart energy),
we articulate and empirically validate two generative mechanisms that explain transparency effects for each of the three transparencies: (1) orchestration via
iterative landscape “tuning” to reduce ambiguity and simplify citizens' alignment with the policy goal; and (2) social learning via information sharing, a co-
evolutionary social “nudge” that encourages citizens to be more open to behavioral changes. Our findings have implications for the literature on transparency in
participatory policy making as well as the literature on complexity in public policy and public administration.

1. Introduction

The flourishing scholarly discourse on e-government, e-participa-
tion, and platform-based governance points to the importance of digi-
tally-enabled transparency to organize the process of public policy
making in a more participatory way (Dawes & Helbig, 2010). In such
participatory policy making, digitally-enabled transparency, or transpar-
ency for short, describes a digitally-mediated institutional relationship
between policy makers and citizens during the policy-making cycle
(adapted from Meijer, 2013, p. 430), in which those actors can observe
each others' behaviors or/and their outcomes. Existing work examines
transparency in different ways. Much of the literature discusses how
transparency promotes democracy with effects on accountability by
making final decisions of policy makers inside the governments ob-
servable to citizens (e.g., via open data portals which provide access to
fiscal budgets) (Attard, Orlandi, Scerri, & Auer, 2015; Harrison &
Sayogo, 2014). However, the more recent discourse takes a more in-
tegrative view and suggests that transparency can transform the whole
cycle of policy making, from problem definition to evaluation of policy
solutions, in a more fundamental way (Eppel Rhodes, 2012; Matheus,
Janssen, & Maheshwari, 2018). In essence, transparency as an integral
element of policy making may offer new opportunities to increase the

effectiveness of policy making, broadly defined as the alignment of civic
behaviors with the goal of public policy making to produce socially
desirable outcomes, or in short, greater collective human welfare
(Shafir, 2013, p.1).

The emergence of such an integrative view has been caused by
technological advances “whereby boundaries between the government
and the public fade” (Linders, 2012). “Government as a platform”
(Linders, 2012) makes increasing use of technologies like social media,
the Internet of Things (IoT), and data analytics. These technologies
establish citizens as active producers and users of policy-related in-
formation, and allow policy makers to collect, aggregate, and interpret
large amount of information about their citizens' behavior throughout
the policy cycle (Janssen & Kuk, 2016). Having such transparency
about their citizens' behavior offers policy makers new and more in-
direct roles as “orchestrators” of the discovery and evaluation of policy
solutions (Janssen & Helbig, 2016). Furthermore, policy makers may
utilize and share their insights about civic behavior with the public to
create indirect levers for policy making, which do not restrict citizens'
freedom of choice (Janssen & Helbig, 2016; Linders, 2012). For ex-
ample, sharing social information with the citizens may nudge them to
align with the policy goal because such information encourages them to
become socially aware (Sunstein, 2014). In sum, the focus has shifted
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from asking what makes policy making transparent to the question of
how to utilize transparency as an enabling mechanism for effective
policy making.

Building upon Janssen and Helbig (2016), we argue that such an
integrative view is at odds with a rational-technical view towards policy
making (e.g., Misuraca, Codagnone, & Rossel, 2013), relying on se-
quential expert-driven processes and formal “mechanistic” policy ana-
lysis (Brewer & DeLeon, 1983) guided by policy models (e.g., Hurwicz,
1973) that assume that policy making can optimally solve policy pro-
blems. Such an approach fails to account for the complexity that is in-
herent to policy making (Janssen & Helbig, 2016; Janssen & Kuk, 2016;
Noveck, 2015). A complexity view suggests that policy making is con-
cerned with a complex adaptive system (CAS) of diverse citizens, or in
short, a civic CAS, which is never in an equilibrium but depicts a
constantly evolving structure (Holland, 1992; McKelvey, 1999). Evolu-
tionary structure illustrates that CAS's agents – the citizens – constantly
adapt to information available in their unique surroundings, their local
decision environment, in a self-organizing way (Holland, 1992, p.18).
This local decision environment consists of multiple interrelated deci-
sion attributes. Policy makers shape this environment throughout the
overall policy cycle. As a result, transparency as an integral part of
policy making shapes how citizens adapt in response to information in
their local environment. What is important though, is that evolutionary
structures that emerge from such “local” adaptation in response to
transparency in policy making may cause nonlinear and potentially
harmful dynamics at the collective level that can neither be predicted
nor optimized. On the contrary, complexity theory with its origin in
biology suggests that a civic CAS requires “generative mechanisms”
(Kauffman, 1993; McKelvey, 1999), system immanent properties that
equip the civic CAS with a capacity to generatively evolve towards
greater collective human welfare. Such generative mechanisms are
distinct from economic incentive-oriented mechanisms (e.g., Maskin,
2008), which lack the consideration of evolutionary structures emer-
ging from local adaptation. Thus, returning back to the role of trans-
parency for effective policy making, the question to be asked is: What are
the generative mechanisms that explain how transparency in policy making
enables a civic CAS to evolve towards greater human welfare?

By answering this question, we respond to the recent call of scholars
in the field of public policy and public administration (Eppel & Rhodes,
2018; Gerrits & Marks, 2012) to turn to complexity theory when
studying policy making, and to consider the framework of a complex
adaptive system (CAS) (Holland, 1992; Kauffman, 1993; McKelvey,
1999) and one of its fundamental concepts of a fitness landscape (see
Section 2.2) (Kauffman, 1993; Rhodes, 2008). Both have their origin in
biology and physics but have been adapted to social sciences and, in
particular, to organization science (Anderson, 1999; Levinthal & March,
1981; McKelvey, 1999). In a policy making context, a fitness landscape
offers a new way to conceptualize the citizens' decision environment
that policy makers shape with their actions (Rhodes, 2008, p.362) as
civic fitness landscapes on which citizens – the agents – adapt in re-
sponse to information about their landscapes. We introduce transpar-
ency in policy making as a theoretical property that affects this land-
scape. Specifically, we extend the NKC fitness landscape model
(Kauffman, 1993, 1995), an extension of Kauffman's (1993) NK fitness
landscape model (see Section 2.2.2). The latter has been translated into
social sciences, including public policy and public administration
(Eppel & Rhodes, 2018). The NKC fitness landscape offers a general
theory to articulate the generative sources of complexity that cause
citizens to adapt on their citizen landscapes.

Our method of inquiry for theory development on transparency in
policy making triangulates between formal representation of the key
properties of the NKC fitness landscape model and empirical sense
making through retrospective analyses of instrumental cases and sec-
ondary literature (Stake, 1995), also referred to as conceptual modeling
in the CAS literature on public policy (Rhodes & Dowling, 2018 p.
1002). We apply the NKC fitness landscape model as a theoretical

apparatus “to analyze empirical puzzles and their theoretical re-
presentations” (Marks, Gerrits, & Marx, 2019 p.7). We choose empirical
settings in e-health, smart transportation, and smart energy, in which
policy makers practice transparency in policy making. We use these
empirical data to complement the process of formal representation of
the key properties of the NKC fitness landscape model. Further, our
empirical analysis allows us to empirically reflect upon the two gen-
erative mechanisms that explain how transparency affects the effec-
tiveness of policy making: (1) Orchestration via citizen landscape tuning
describing policy makers' new roles as “orchestrators” who utilize
transparency to tune citizen landscapes into smooth ones that reduce
ambiguity and uncertainty for the citizens (Janssen & Helbig, 2016);
and (2) social learning via information sharing that shifts a citizen's at-
tention to other more unfamiliar choices and increases tolerance to
unfamiliar and more uncertain choices (Linders, 2012; Shafir, 2013;
Sunstein, 2014). Both explain how transparency can create conditions
that lead to generative co-evolutionary adaptation, adaptation for short,
of a civic CAS. Our findings contribute to two streams of literature in
public policy, namely: (1) digitally-enabled transparency in participa-
tory policy making; and (2) complexity in public policy.

In the next section, we briefly review these two streams of literature.
In Section 3, we discuss our method and provide background on the
three instrumental cases. Section 4 presents the results of our study: We
first translate the NKC model into the context of transparent policy
making; we model the tri-partite view on transparency and we explain
its impact on policy making success via two types of generative me-
chanisms. Afterwards, we summarize our implications for the two
streams of literature related to our study, and conclude with future
developments of a new complexity-oriented view of transparent policy
making.

2. Background and related work

There are two broad streams of literature of relevance for our re-
search question, one concerned with the role of digitally-enabled
transparency in participatory policy making, and the second with
complexity in public policy and public administration. We will next
position our paper within those two streams and clarify how it builds
upon those topics.

2.1. Digitally-enabled transparency in participatory policy making

Existing literature has tackled the concept of transparency from
different theoretical lenses and with different research methods, span-
ning conceptual work, case studies (e.g., Rhodes, 2012), and quanti-
tative studies at regional, national, and international scales (e.g., Bertot,
Jaeger, & Grimes, 2010; Jaeger & Bertot, 2010).

A review of existing work reveals that transparency is discussed
across various research streams with a strong focus on ICT, such as e-
government, e-participation, e-democracy, policy making 2.0, and data-
driven policy design. As defined in the introduction, transparency is an
institutional relationship between policy makers and citizens (Meijer,
2013) and their ability to observe each other's behaviors and/or their
outcomes. More specifically, transparency can be characterized in terms
of: (1) the subject (who is observing) – object (who is observed) re-
lationship; (2) the impact or effects of such transparency; and (3) the
research focus of such transparency related to what is transparent
(input, output, and performance) and how it is made transparent
(processes, actions, decisions, opinions, and so forth). We classify the
existing three views, which vary in terms of how deeply and broadly
transparency is viewed along these three dimensions (Table 1).

First, important transparency research relates to questions on how
to realize access to governmental information for citizens to spur de-
mocracy and accountability (access view in Table 1) (e.g. Dawes, 2010;
Dawes & Helbig, 2010; Harrison & Sayogo, 2014). Extensive studies at a
global scale have indicated that access can foster democracy and battle
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corruption by making the outcomes of decisions, rules, and other cri-
tical data inside governments accessible to external citizens (e.g., Bertot
et al., 2010; Harrison & Sayogo, 2014; Jaeger & Bertot, 2010). In such
discussions, scholars highlight ICT challenges (including data quality,
provenance, data standards, machine readability, etc.) and call for a
more sustainable long-term view towards transparency (Jaeger &
Bertot, 2010). Second, and complementary to the access view, scholars
have pointed to the role of transparency in civic participation and new
ways to strengthen the relationship and dialogue between policy makers
and citizens (e.g. Medaglia, 2012). In this dialogue view, scholars have
highlighted the opportunities but also the challenges (e.g., technolo-
gical barriers or lack of incentives) in using digital technologies for
participatory policy making to facilitate the dialogue between policy
makers and citizens beyond traditional participation through electoral
voting (Rojas, 2014). A key measure of success for transparency is the
quantity and quality of civic participation.

Third, and more recently, transparency has been discussed in a more
integrative way. In an integrative view, the object-subject relationship of
transparency shifts from a primary focus on the observability of choices
inside the government to granular insights about citizens' choices and
behaviors related to policy makers' goals and actions (civic-centric).
Under this approach, digital technologies enable “governments to act as
platforms” (Linders, 2012, p. 447) to collect, aggregate, interpret, and
also disseminate rich behavioral insights about citizens who are active
producers but also users of policy-related information. Scholars point
out that an integrative view requires policy makers to take more
“neutral and independent roles” (Janssen & Helbig, 2016 p. 6). Existing
literature suggests that transparency allows policy makers to take such
roles in two ways. First, such transparency becomes important for the
recent uptake of more iterative policy-making processes in which policy
makers act as orchestrators that iteratively design, test, and evaluate a
greater variety of policy solutions. Orchestration implies that policy
makers take a more indirect role during these iterative policy-making
cycles (Janssen & Estevez, 2013; Janssen & Helbig, 2016). Instead of
providing solutions, they need to focus their capabilities on “dis-
covering solutions and monitoring the effect of policy implementation”
(Janssen & Helbig, 2016, p.6). Further, policy makers as orchestrators
are able to optimize human welfare but instead supervise this process
with a focus on the consistency of data (and their refinement into al-
gorithms) and related policy solutions in order to observe whether and
how they drive behavioral change (Janssen & Kuk, 2016).

Second, transparency affords policy makers to realize behavioral
levers that “nudge” citizens into socially desirable behavior (European
Comission, 2019; Profir, 2015; Shafir, 2013; Sunstein, 2014). Informed
by insights from behavioral sciences (e.g., psychology and behavioral
economics) (Gigerenzer & Todd, 1999; Sunstein, 2014; A. Tversky &
Kahneman, 1986), policy makers purposively share behavioral data in
order to subtly encourage behavioral change without restricting
freedom of choice (e.g. Linders, 2012). For example, data-driven policy
solutions, such as dashboards reporting energy consumption data of a
particular housing community (Janssen & Helbig, 2016; Janssen & Kuk,
2016; Linders, 2012; Thaler & Sunsteing, 2009), may encourage re-
sidents to adjust their behavior to social norms emphasizing what “most
others are doing” (Sunstein, 2014 p. 586). Just like a fitness app that
tells individuals, on average, how many miles most bikers ride, do such
nudges tap into the fact that humans' decision making incorporates
social information available (Gigerenzer & Todd, 1999; Simon, 1955),
like “follow what most others are doing.” Thus, instead of using direct
forms of policy interventions (such as taxes), transparency affords new,
inexpensive, and more self-organizing mechanisms for aligning citizens
with policy goals.

We will next review the literature on complexity in public policy
and public administration.
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2.2. Complexity theory and policy making

Over the last decade, governmental officials and policy makers have
recognized that policy practice increasingly relates to complex systems
“that are prone to surprisingly, large-scale, seemingly uncontrollable
behavior” (Rhodes & Dowling, 2018, p. 997), rending traditional
models and tools used for policy making inappropriate. Somewhat in
parallel, scholars have turned to theories of complexity to develop new
theories and guide empirical research in the field of public policy and
public administration (Schneider, 2012). This stream of research
emerged in opposition to a rational, linear, and realism-oriented view.
While there are several frameworks and theoretical perspectives to-
wards complexity in policy making1 (e.g. Head & Alford, 2015;
Schneider Rhodes, 2012), our review of this literature focuses on those
contributions that relate to studies following a framework of CAS and
utilizing fitness landscape models (Gerrits & Marks, 2014) to represent
them visually or formally (Gerrits & Marks, 2012; Teisman & Klijn,
2008). We will introduce both concepts, given their relevance for this
paper. Then, we will discuss how prior literature in public policy and
public management has embraced them.

2.2.1. Key properties of complex adaptive systems (CAS)
A complex adaptive system (CAS), composed of heterogenous agents,

is defined as a system that adapts in the process of interacting with its
environment in a nonlinear and dynamical way (Gell-Mann, 1995;
Holland, 1992). CAS can be biological (e.g., such as the immune
system), technical (e.g., power grids), social (e.g., organizations or ci-
tizen communities). Self-organization and adaptation are two essential
CAS properties which scholars in policy and public administration have
emphasized (e.g., Klijn, 2008; Rhodes, 2008).

Self-organization is the property of the system to spontaneously
generate new structures. This generative aspect is not the result of a priori
design, but it surfaces from the interaction of the autonomous agents
with the information in their local environment as well as the local
direct and indirect interactions between the agents (Gell-Mann, 1995).
Adaptation, also called evolutionary adaptation (Kauffman, 1993), de-
scribes how this generative capacity is caused by the local self-orga-
nizing processes: Agents adapt in response to information in their en-
vironment because they want to achieve greater “fitness” (Kauffman,
1993; Wright, 1932). Originally in biology, the Darwinian “fitness” of
biological trait describes how successfully an organism with that trait
can pass on its genes (Rhodes & Dowling, 2018 p. 998). The key idea of
adaptation is that the agents' behavior is dynamic because they try to
achieve higher fitness and thus they engage in trial-and-error search
processes in response to information feedback from the environment
(Kauffman, 1993, 1995).

Fitness landscape models have been developed to formally represent
this process of evolutionary adaptation. They offer a general theory that
articulates the sources of complexity causing evolutionary adaptation in
any kind of a CAS, including social ones (Kauffman, 1993; Kauffman &
Levin, 1987; Levinthal & Warglien, 1999; McKelvey, 1999). Further,
these models also offer a way to represent transparent policy making as
a property of the landscape, which defines what is visible for the agents
that adapt on the landscape, as well as for the originator of the CAS. We
will next introduce the NK fitness model, with the NKC model being a
particular form of it.

2.2.2. Key properties of NKC fitness landscape models
The NK landscape model, and its refined version of NKC, was de-

veloped by Kauffman (1993) in response to original ideas and mathe-
matical modeling presented by Wright (1932), as a model to represent
and simulate CAS in evolutionary biology. However, the generality of
Kauffman's NK models, and its ability to allow for a description of other
complex systems, triggered follow-up research in other fields. In social
science, it was Levinthal (1997) who translated the model to an orga-
nizational context in order to represent organizational adaptation on
rugged fitness landscapes (Levinthal, 1997).This seminal work inspired a
range of other studies concerned with social systems or sociotechnical
systems in the field of economics, organizational and management
science, and innovation studies (Koput, 1997, Anderson, 1999,
McKelvey, 1999, Levitan, Lobo, Schuler & Kauffman, 2002, Davis,
Eisenhardt, & Bingham, 2007, Lin, Kitts, Yang, & Harrison, 2008, Davis,
Eisenhardt, & Bingham, 2009, Almirall and Casadesus-Masanell, 2010,
Tracy et al., 2013).2 In these disciplines, it has also been used to re-
present technical systems (e.g., Frenken, 2006). Further, it has also
been translated into other fields of sciences such as evolutionary psy-
chology (Rellihan, 2012), and recently also to the interdisciplinary field
of information systems, if relevant to readers of these papers
(Brunswicker, Almirall, & Majchrzak, 2019).

Kauffman's (1993) NK fitness landscape model is a theoretical
model of complex evolutionary adaptation that was originally devel-
oped as an alternative explanation for Darwin's selection theory in
evolutionary biology, “by suggesting that under some circumstances
complexity may intervene to offer alternative bases of biological order”
(McKelvey, 1999, p.301). In its original version, the model maps an
organism's “attributes” to its fitness level (Kauffman, 1993).3 “In a
biological system, these attributes may represent genes, while in a so-
cial system such attributes may be particularly organizational or gov-
ernance decision factors (e.g., competence). Following seminal trans-
lation of Levinthal (1997), and key follow-up work including his own
(Levinthal & Warglien, 1999) and those of McKelvey (1999), there are
two fundamental properties of the NKC fitness landscape model as a
means to represent evolutionary adaptation: (1) rugged fitness landscapes
with internal interdependence; and (2) heterogenous, behaviorally
bounded agents as “searchers” of multiple landscapes with external in-
terdependence. Table 2 describes those two properties.

1. Rugged fitness landscape: An NKC fitness landscape represents a
“decision space” with all potential alternatives for combining dif-
ferent states of N different decision factors (the axis) in an N di-
mensional space. N defines the size of the landscape. Each combi-
nation of different decision factors is mapped into a fitness value
(N+ 1 dimension), where fitness describes the potentially achiev-
able performance value associated with a particular combination.
Visually speaking, there are different locations. Variability in fitness
values creates valleys and peaks in the performance surface, which
define the ruggedness of the landscape's surface or, visually
speaking, the number of peaks. K describes the interdependencies
between the N decision factors. Essentially, they make the landscape
look more or less rugged or jagged, in the sense that different lo-
cations and the fitness value mapped onto them may have very si-
milar or very dissimilar “heights.” K as a property of the landscape is
a source of complexity (McKelvey, 1999), which we will discuss in
greater depth later (Section 4).

1 For example, the ideas of complexity, dependency, unpredictability, and
connectivity, also at the core of complex decision-making theories and models
such as the mutual partisan adjustment (Lindblom (e.g., Lindblom, Lindblom &
Cohen, 1979) and model II (a partisan model) in the multiple perspective ap-
proach of (Allison, 1971). However, they are not concerned with evolutionary
adaptation.

2 Complexity science and simulations are overcoming the difficulty and lim-
itations of empirical studies and experiments to cover all relevant variables and
events.

3 It is worth pointing out that Kauffman (1993) originally used two kinds of
models, one from statistical physics and one from cellular automata originating
in electronic computer design, which are not originating from biology (Lind-
blom, Lindblom & Cohen, 1979)
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2. Agents as behaviorally bounded “searchers” of landscapes: In the
NKC model, agents are the searchers that traverse one (or several)
landscapes, making a series of discrete search moves, each pre-
senting a decision in a stylized way. They move from one location to
the next in order to improve their fitness. Building upon prior NK
modeling in organizational science, agents in their role as searchers
are assumed to be boundedly rational (Kauffman, 1993) because of
cognitive processing limitations: They lack the perfect rationality of
a hypothetical agent who has complete information about the op-
tions available for a choice and who has perfect foresight of the
implications of all potential choices (Simon, 1955). Neither do they
know (or “see”) all locations in the landscape, nor the height of their
peaks (Kauffman, 1993; Levinthal, 1997). Instead, agents typically
only perceive and judge choices that are very similar to their current
ones, or, in other words, they can only see and interpret (or judge)
information about neighboring locations in their landscapes, in-
cluding their fitness. Thus, agents as fitness landscape searchers
with bounded rationality typically aim to exploit opportunities for
fitness improvement nearby through local search, a search move that
Kauffman (1993) originally referred to as hill-climbing (Kauffman,
1993; Levinthal & March, 1981; Levinthal & Warglien, 1999;
McKelvey, 1999). If such local search bears fitness benefits (a higher
peak), they move there without considering further locations. Only
if they have access to additional information about the landscape
might they take a distant search move, also called a long-jump to a
distant “uncertain” location they cannot assess well. The distinction
between local versus distant (or hill-climbing versus long-jump)
mirrors the well-known distinction of exploitation-exploration, used
across various disciplines concerned with evolutionary search and
adaptation, from space, mind, and society (Hills, Todd, Lazer,
Redish, & Couzin, 2015). In some cases, bounded rationality might
lead to incorrect perceptions of the fitness associated with the new
location, in the sense of a decision bias that deviates from the fitness
hypothetically achievable with that option (Rellihan, 2012; Amos
Tversky & Kahneman, 1974). However, bounded rationality should
not always be equaled with “irrationality” since, in many cases,
simple search heuristics make people “smart” (Gigerenzer & Todd,
1999; Simon, 1973): They do the best they can to perceive and in-
terpret information available to them, which allows them to make
choices efficiently.

Further, the NKC model, an extension of the NK model, also ac-
counts for the fact that the agents, despite their autonomy, are also
interdependent when searching their landscapes. In other words, if one
agent searches on her/his landscape, such a move affects the surface of
other agents' landscapes. In the NKC model, such external links between

different landscapes are represented with the factor C (Kauffman, 1993;
Levinthal & Warglien, 1999; McKelvey, 1999).

Both the nature of: (1) an agent's search heuristics and, in particular,
potential decision bias inherent to them, and (2) the external links C
among different landscapes are a source of complexity that may lead to
unexpected, nonlinear adaptation. We will discuss both in greater depth
in later sections.

After introducing the key properties of co-evolutionary CAS and the
NKC fitness model, we will next review related literature in public
policy and public administration (Gerrits & Marks, 2014; Rhodes &
Dowling, 2018; Teisman & Klijn, 2008).

2.2.3. CAS and NKC fitness landscape model in public policy and public
administration

The literature on co-evolutionary complexity in public policy and
public administration has used and translated both the CAS framework
(e.g., Teisman & Klijn, 2008) as well as the concept of a NK fitness
landscape (e.g.,Gerrits & Marks, 2014; Rhodes & Dowling, 2018) to the
context of public policy and public administration. Extending (but
without repeating) recent literature reviews (Gerrits & Marks, 2014;
Rhodes & Dowling, 2018), we discuss (1) the nature of inquiry; (2) the
focus in policy cycle; (3) the nature and scope of representing co-evo-
lutionary adaptation on NK fitness landscapes; and (4) the considera-
tion of transparency as a key construct in theory development based on
fitness landscapes.

Nature of Inquiry: Scholars in public policy and public management
use either a metaphorical (and sensitizing) method of inquiry fo-
cused on illustrative and conceptual cues of a visually imagined
rugged landscape, or on what Rhodes and Dowling (2018) call a
“modeling” method of inquiry. The latter engages more deeply with
the key attributes of the family of NK fitness models, introduced in
the prior section. Such an inquiry implies a more detailed process of
theoretical description and causal sense making,4 typically through
empirical analysis of historical and retrospective data. In this paper,
we pursue such a form of sense making-oriented modeling with a
purposive selection of three instrumental cases.
The focus in policy cycle: In terms of focus across the policy cycle,
existing inquiry is either focused on policy analysis (and design)
(e.g., Geyer & Pickering, 2011), or on policy implementation (e.g.,
Butler & Allen, 2008), or in rare cases both (e.g., Gerrits & Marks,
2012; Schneider Rhodes, 2012). Further, it is worth noting that

Table 2
Key properties of co-evolutionary NKC fitness landscape models.

Key NKC fitness landscape properties Description of key properties and attributes Primary sources of dynamic complexity and
co-evolutionary adaptation

Multiple rugged landscapes • A fitness landscape represents a decision space with all potential alternatives for
combining different states of N different decision attributes (the axis) in an N
dimensional space.

• Each combination of N decision attributes represents a location in the landscape
that is mapped onto a fitness value. The landscape has valleys and peaks.

• The factor K describes the ruggedness of an individual landscape

Internal dependencies K between decision
attributes

Agents as behaviorally bounded searchers
of multiple landscapes

• Agents are adaptive searchers who search a landscape to achieve a higher fitness.

• As boundedly rational agents, they are guided by simple search heuristics when
interpreting information observable about the NKC landscapes

• Agents satisfice and prefer to search locally using hill-climbing before considering
other more uncertain options

• Agents are not autonomous but mutually influence each other when searching
their idiosyncratic landscapes.

• Decision biases inherent to search
heuristics

• External dependencies C between
different agents and their landscapes

The factor C is related both to the landscape as well as the agent behavior and thus we have not assigned it to one aspect only. However, given the importance of the
dynamics in co-evolutionary adaptation, we later establish co-evolutionary linkages as a separate source of complexity that requires specific attention.

4 This definition of modeling does not imply simulation-based theory devel-
opment, as performed by Levinthal (1997) or other scholars (e.g., Rivkin &
Siggelkow, 2007).
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fitness landscape has been used in very different policy areas, ran-
ging from anticorruption programs (Michael, 2004), ICT and edu-
cation programs (Toh & So, 2011), environmental education pro-
grams (Astbury, Huddart, & Théoret, 2009), or protesters' behavior
against public policies (Sword, 2007). Such studies look primarily
into the search decisions of policy makers, those developing the
policies, instead of focusing on citizen landscapes, searched by ci-
tizens.
The nature and scope of representing co-evolutionary adaptation:
Policy scholars either metaphorically engage or formally model the
key properties of co-evolutionary complexity of NKC, namely: (1)
landscape (e.g., NK fitness); and (2) the agents and their adaptive
search processes. With respect to: (1) Rhodes and Dowling (2018),
they note in their literature review that NK fitness landscape models
translated into the context of public policy and public administra-
tion often fail to properly specify the key properties of the landscape
such as fitness or internal interdependencies (K). With respect to (2)
scholars, they represent variability in terms of local (or hill-
climbing) versus distant (or long-jump) search moves (e.g., Astbury
et al., 2009). Despite such attempts to engage with the model, we
learn that there is little effort to disentangle different kinds of
sources of complexity. Further, many studies insufficiently account
for the “relationships among agents and their effect on the choices
made and the level of fitness achieved” (Rhodes & Dowling, 2018, p.
1000). Even though some policy scholars focus their inquiry on
actor relationships in a CAS (Klijn, 2008), such attempts do not
recognize the importance of indirect (rather than direct) co-evolu-
tionary relationships that are distinct from social network and
communicative ties. In this paper, we address those gaps and dis-
entangle different sources of complexity, and also represent two
distinct interdependencies (within and across landscapes).
Transparency: Even though scholars have realized the importance of
information dissemination among the different agents (Gerrits &
Marks, 2014; Rhodes & Dowling, 2018), the existing discourse lacks
a granular conceptualization of transparency as a property of the
fitness landscapes (N, K, C) as well as their searchers (the agents).
Furthermore, the generative relationships between transparency
and co-evolutionary adaptation are not sufficiently explored.
Against this background, we will next introduce the method of in-
quiry that we use to build upon and extend existing literature on
CAS and NK fitness landscape models in public policy and public
administration.

3. Method

3.1. Research design

In this paper, our goal is to close the gap in the literature on
transparency as well as complexity in public policy and public admin-
istration. To do so, we develop a theoretically- and empirically-
grounded explanation of the generative mechanisms allowing transpar-
ency to afford effective policy making. To do so, we follow related
studies in the public policy and public administration (Eppel, 2012;
Gerrits & Marks, 2012; Rhodes & Dowling, 2018) and organizational
and administrative sciences (Afuah & Tucci, 2012; Levinthal &
Warglien, 1999). We adopt what Rhodes and Dowling (2018) call
conceptual modeling to study the role of transparency in a civic CAS;
for this, we used a “social” NK fitness landscape model to represent a
social CAS, in which social and not biological agents adapt to their
landscapes (see Section 3.2).

Following this form of inquiry, we triangulate between representa-
tion of the NKC fitness landscape model and empirical reflection
through historical and retrospective case study analyses. We did this by
engaging in an iterative induction and deduction process (Bergmann,
1957) that went through three major research phases over a period of
four years, starting in 2013 (see Fig. 1).

First, in Years 1 and 2, we engaged in participatory observations and
discussions at least two times a year by attending forums with policy
makers at the regional, national, and international levels. During this
phase, we also reviewed literature on transparency and identified in-
sufficient considerations of the complexity of citizens' contexts. We
identified the NKC fitness landscape model – a co-evolutionary model of
complex search and decision making – as a theoretical concept for new
theory development in public policy (Kauffman, 1993; Levinthal &
Warglien, 1999). An initial framework to describe digital transparency
from a complexity point of view was the outcome of this first phase.

Second, in Phase 2 (Years 2 and 3), we investigated secondary case
data in order to refine the theory further through a method of inquiry
that falls into conceptual modeling (Rhodes & Dowling, 2018). Given
the novelty of the work on digital transparency, sampling of the em-
pirical settings was performed purposively based on discussions with
experts, grey literature, policy reports, and project reports. We first
sampled roughly 100 potential empirical cases using three simple se-
lection criteria: (1) digital transparency used; (2) the significance at
least one of the sources of complexity (see Section 2) in a CAS; and (3) a
successful outcome (evidence of some degree of behavioral change
among citizens in alignment with policy goals). We considered 11 cases
(see Supplement, Table A) as meeting these criteria. From the pre-
liminary list we selected three case studies for the following reasons,
comprehensively explained in Section 3.2 (p.19).

Third, in Phase 3, we iterated the modeling exercise and theoretical
description of NKC in policy making with the three empirical settings to
refine the framework, and most importantly, theoretically represent
and empirically validate the identified generative mechanisms.

3.2. Inquiry through conceptual modeling

As stated earlier, we use conceptual modeling to map the NKC fitness
landscape model onto the context of transparent policy making.
Conceptual modeling implies a detailed theoretical description and a
causal sense making5 process combining formal representation of the
model and reflection using empirical data. Originators of theories of
CAS and NK fitness landscape models in social sciences (such as Holland
& Miller, 1991 or Levinthal & Warglien, 1999), refer to this form of
inquiry as linguistic modeling, and clearly distinguish it from computa-
tional simulation studies. Conceptual modeling as a form of inquiry
typically builds upon prior generalizable theoretical arguments (in-
cluding the original ones from Kauffman (1993)) to translate the fun-
damental causal arguments inherent to the NKC model and to explain a
new phenomenon, such as transparency in policy making. In addition,
such theoretical representation is typically accompanied with empirical
reflection to advance reasoning and sense making. Through conceptual
modeling, we engaged with the key attributes of the family of NK fitness
models and even though we did not actually specify a complete simu-
lation study, we completed prior theoretical claims with explorative
visualizations of NKC landscape computations of different N and K
values (see Figs. 3 and 4). After translating the fundamental assump-
tions of NKC to the transparency in civic CAS, we used empirical in-
sights from historical and retrospective cases to make sense of the
generative mechanism of transparency of civic NKC fitness landscape.

We selected three instrumental cases for the part of empirical re-
flection in our conceptual modeling in order to extend prior general-
izable theoretical arguments (made by influential authors such as
Levinthal and Warglien (1999)) to our new phenomenon. Instrumental
cases are purposefully selected to provide insight into a particular issue
(Stake, 1995). Indeed, prior generalizable arguments were an important
starting point for our case selection and helped us to identify the

5 This definition of modeling does not imply simulation-based theory devel-
opment, as performed by Levinthal (1997) or other scholars (e.g., Rivkin &
Siggelkow, 2007).
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sources of complexity as a particular issue to be examined further.
Based on prior work and our empirical reflection in Phase 1 we had
learned that we needed to disentangle the three different sources of
complexity (which we will discuss later in Section 4). We sampled three
particular historical and retrospective empirical settings that uncover
transparency effects for three different sources of complexities of citi-
zens' context. Each case is instrumental to understand each source of
complexity and reason about the transparency effects for a particular
source of complexity: Case 1 for internal dependence in landscapes;
Case 2 for decision bias; and Case 3 for external interdependence be-
tween agents. Each case sheds light on the generative mechanisms that
explain how transparency impacts citizens when a particular source of
complexity is a key risk for effective policy making. While all three
sources of complexity were present in all three case studies, we selected
a case based on the source that was most pertinent for the policy goal of
the case.

3.3. Data and empirical background

Before presenting our results, we provide a brief description of the
three empirical settings (see Supplement for more details).

Case 1. E-Health Program in Verbano-Cusioi-Ossola (VCO)

Piedmont's regional government in Italy was facing an expenditure
of around 80% of its total budget on health services (Ferro, Loukis,
Charalabidis, & Osella, 2013). In order to effectively achieve a sig-
nificant expenditure reduction, the Italian province of Verbano-Cusioi-
Ossola (VCO) agreed in 2008, to launch an experimental eHealth pilot
program that integrated a set of policy solutions in order to test an
innovative approach to providing healthcare services to the population
before a potential deployment to the Piedmont region.

The pilot was considered to be successful. The e-health policy led to:
(1) an increase in positive evaluation of more than 11,000 citizens
participating on the governmental platform (see Section 6.1.2 and
Appendix); (2) a decrease of 63.68% in the use of emergency services;
and (3) a reduction of hospital admissions by 56.25% (Ferro et al.,
2013; Nunes, 2013).

The policy solutions that VCO developed and evaluated comprised an

innovative eHealth program integrating a computerized system with a
personalized service delivery. First, a technical infrastructure supported
remote monitoring of patients in their homes for prevention (e.g., metrics
like blood sugar level, blood pressure, etc.) because the e-health system
allowed for out-of-range clinical data to be sent by the patient. Second,
this monitoring was integrated into a decentralized, connected network
of health providers offering different kinds of treatment services (e.g.,
who accessed the centrally-stored health records). When the monitoring
detected out-of-range clinical data, the providers were automatically
informed. Third, each citizen also received a personalized diagnosis and
referral service across those different healthcare providers. This e-health
system was integrated with a social media platform, “Padgets,” that
supported an iterative policy cycle from policy analysis through mon-
itoring and evaluation (Spiliotopoulou & Charalabidis, 2016). This
platform allowed VCO to mine and analyze perceptual, communicative,
and behavioral data throughout the overall policy cycle. Data analytics
provided policy makers with insights into the citizens' decision archi-
tecture as well as decision patterns.

Case 2. Stockholm Congestion Charge Program

In 2006, the Stockholm municipality set a policy goal to decrease
congestion in the city. With this goal in mind, policy makers in
Stockholm developed, implemented, and evaluated a multidimensional
policy solution. At the core was a congestion charging system with a toll
cordon around the inner city that sought to reduce the traffic through
the main bottlenecks. The system also integrated IoT to share in real
time individuals' information (e.g., transportation costs). Further,
policy makers also used social media to communicate publicly with
citizens (Börjesson, Eliasson, Hugosson, & Brundell-Freij, 2012). The
charging system modified the citizens' choice attributes in various
ways. For example, it affected the time of travel as the amount of the
charge varied between 10 and 20 SEK for different time windows
during the day. It was highest during peak times. It also affected the
mode of traveling, as it applied only to cars, while other modes were
exempted (e.g., bus, bicycle, and alternative-fueled cars) (Eliasson,
2008, 2014; Karlström & Franklin, 2009). It also changed the commu-
nication of transportation changes from delayed to real time. Finally, it
affected citizens' ability to be aware of environmental concerns, as

Fig. 1. Overview research process and sampling strategy.
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policy makers used social media to widely communicate information
about the social and environmental implications of the charges
(Eliasson, 2008, p.22).

The pilot was considered a success. It resulted not only in a positive
attitude towards the charge (the public support increased dramatically
after the trial and remained consistently high, at roughly 70%, there-
after). But there was also a significant increase in human welfare
through shorter and more reliable travel times, lower emission, and
greater travel safety (Börjesson, Eliasson, Hugosson, & Brundell-Freij,
2012; Karlström & Franklin, 2009). Overall, traffic decreased by about
20% across the toll cordon, or the equivalent of 100,000 passages each
day during the trial. The traffic decrease led to congestion reductions
between 30% and 50% on the arterials; inner-city emission decreases
between 10% and 14%; and a significant decrease in travel time
variability (Jonas Eliasson, 2008, 2009, 2014).

Case 3. Kansas City Smart Grid Program

On October 18, 2010, the U.S. Department of Energy (DOE) and its
partner Kansas City Power & Light (KCP&L) developed a fully in-
tegrated Smart Grid Demonstration project with a cost $48 million in an
economically challenged area of Kansas City (Hedges, 2015). This pilot
serviced over 14,000 consumers and was considered the first step in
potential deployment in a set of municipalities (Vojdani, 2008). The
team engaged in an iterative process to develop a combination of policy
solutions, which modified the decision architecture of the citizens tar-
geted by the policy: (1) A smart metering infrastructure included in IoT
devices inside citizens' homes and meter data management services
(Allen, 2011). For example, the MySmart display offers real-time and
disaggregrated feedback about energy consumption (heating & cooling,
lighting). (2) A smart consumption component that involved real-time
smart feedback features including dynamic pricing (Vojdani, 2008).
Real-time feedback, displayed on smart IoT devices, made citizens
aware of how electricity costs vary at different times of the day and
across seasons. (3) A distributed smart generation component, managed
through a smartSubstation. Citizens were able to act as producers and
users of energy at different times with different prices (Wakefield &
Hedges, 2010). For instance, plug-in hybrid electric vehicles could be
scheduled and charged with dynamic pricing according to peak time.

The project was considered a success, as citizens' human welfare in
energy consumption increased through reduced electricity costs per
household, improved reliability and robustness of the smart grid due to
informed management of the peaks by the utility, and reduced emis-
sions. A plus was the creation of new jobs in the area (Hedges, 2015).

4. Results

4.1. Foundations: Key properties of NKC citizen landscapes

We first translated the two basic properties of the NKC fitness
landscape model introduced in Section 2 to the context of citizens
adapting in complex decision environments (Billinger, Stieglitz, &
Schumacher, 2014; Levinthal & Warglien, 1999; March, 1991; Simon,
1955). We conceptually modeled the basic properties, the rugged NKC
citizen landscape and the citizens as searchers on those landscapes,
through empirical sense making using our empirical settings. Table 3
summarizes the results. For both properties, it presents the results of
our abstract theoretical representation in the NKC logic (column 1) as
well as our empirical reflection/representation using the three instru-
mental case settings (column 2 to 4). These properties establish im-
portant foundations for our findings on the transparency effects in
policy making since they establish the core assumptions needed to en-
gage in sense making and causal reasoning through a co-evolutionary
lens, both in an abstract as well as empirical way. We will discuss both
properties briefly without repeating the table content.

4.1.1. Rugged citizen fitness landscapes
In the citizen context, the NK fitness landscape is best labeled as a

citizen fitness landscape, which represents a “decision space” with all
potential alternatives for combining different states of N and different
policy-related decision attributes p (the axis) (Billinger et al., 2014).
The attributes p are directly or indirectly modified by policy makers in
their attempt to achieve a particular policy goal. Each decision attribute
can take different states. While our empirical data would suggest that
these attributes take multiple states, it is more difficult to visualize
compared to landscapes with binary states (0 or 1). Thus, we chose
binary states to visualize an exemplary citizen fitness landscape with
N = 6 in Fig. 2.6 It describes Citizen C#1's choice at time t1, abstractly
represented as a set of six decisions attributes [p1|p2|p3|p4|p5|p6], or
[111010], if considering the binary character of p. The choice re-
presents a location in the landscape and is associated with a particular
fitness value – the potentially achievable human welfare - expressed as
the height of the peak of the location.

In the accordance with the NKC model, the height is computed as
the sum of each attribute's fitness contributions (Kauffman, 1993;
Levinthal, 1997). Our cases did not provide insight into the exact fitness
contribution of each attribute's p fitness contribution. However, we
gained qualitative insights about attributes with highly positive and
highly negative fitness contributions. For example, in the VCO case, the
factor attribute diagnosis in the emergency room may have strong ne-
gative implication on human welfare (mostly due to time attendance)
(see Table 3). Fitness values in a certain landscape may vary between 0
and a maximum achievable fitness value. While our empirical cases did
not provide insight into the upper boundary for human welfare, we can
assume that such a maximum level of fitness (or human welfare) exists.
In Fig. 2, we depict the fitness value as a range between [0 to 1], given
the binary nature of the landscape decision attributes p.

4.1.2. Citizens as local and distant searchers
Citizens are agents that search in their landscape with the goal to

move to a location with a higher fitness value – a higher peak in the
landscape. In our empirical context, citizens' goal is to achieve greater
human welfare, e.g., in healthcare, energy, or transportation services.
As boundedly rational individuals (Kahneman, 2003; March & Simon,
1958; Simon, 1991), they are locally intelligent, and thus, their pre-
ferred move is local (hill-climbing; introduced in Section 2). A local
search move describes a minor behavioral change consistent with ex-
isting citizens' knowledge and routines. For example, in the VCO case,
they would primarily be focusing on changing one attribute p, such as
the monitoring for prevention (e.g., e-health remote monitoring for blood
and sugar parameters instead of doctor visits) but they would not
change any other attributes (e.g., their treatment services). Such a local
search move is visualized in Fig. 2 for citizen C#1. He moves from the
location at time t1 [111010] to a location at t2 at [111011], changing
only p1 (e.g., monitoring for prevention), leading to a slightly higher
fitness value. This is because human welfare increases in terms of the
subjective value of the effect of the service in the personal health
condition, including the estimated waiting time for service delivery and
estimated costs. Only in rare occasions would they engage in a distant
search move and change multiple decision attributes, e.g., by taking
their prevention monitoring measures at home using an e-health solu-
tion, having been diagnosed remotely at home with e-health and also
using e-health homecare. Such a distant move with changes in three

6 In this visualization, we translate the N-dimensional binary space of the NK
model into a 2-dimensional one in which each dimension has 2 N/2 points that
are ordered in an ascending way on two axes. For example, for N = 6, a po-
tential design alternative is [000101]. We represent this 6-dimensional solution
in two dimensions by representing one-half of the design alternative on the x-
axis, and the other half of the design alternative on the y-axis. This gives us the
opportunity to create a 3-dimensional landscape.
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Table 3
Modeling of basic properties (and attributes) through theoretical representation in NKC logic and empirical representation.

Theoretical representation of basic
properties in NKC

Empirical representation Case 1: e-Health
Program in VCO

Empirical representation Case 2: Stockholm
Congestion Charge Program

Empirical representation Case 3: Kansas
City Smart Grid Program

Property 1: Rugged Citizen Landscapes
1. Rugged citizen landscapes. The

citizen fitness landscape represents a
“decision space” with all potential
alternatives for combining different
states of N different policy-related
decision factors p (the axis)

The e-health citizen landscape represents
the decision attributes that policy makers
directly modified or indirectly affected
when designing and implementing the e-
health pilot. It contains all potential
combinations of multiple policy-related
healthcare decision attributes.

The congestion charge citizen landscape
presents all potential combinations of
multiple mobility decision attributes,
modified by a new environmental charge
system for reducing congestion. Citizens
combine those attributes when making
choices.

The smart grid citizen landscape
represents all decision attributes that
citizens combine when making home
energy consumption choices. Policy
makers ‘architect’ this decision space
through the design of a smart grid
solution for the civic community.

2. Policy-related choice attributes
Policy-related choice attributes p are
those factors that affect a citizen's
choices and behavior related to the
policy goal. Each choice attribute p
can take different states. In its
simplest form, the NKC model
assumes binary states (0,1).

Examples of key decision attributes
modified and related to policy:

1. Monitoring for prevention (e-health/
remote, phone, doctor visits)

2. Diagnosis (emergency, outpatient
care, e-health/remote)

3. Referral (social network, personal
operator via e-health system)

4. Treatment (outpatient care specialist,
emergency room)

5. Home care (physical, e-health)
6. Consulting (phone, e-health,

decentralized)
7. Insurance (private versus public)
8. Patient feedback (offline, social

media)

Examples of key decision attributes
modified and related to policy:

1. Mode (public versus private
transportation services)

2. Route (including arterials)
3. Charge associated with route (free, toll-

based)
4. Departure time (peak time, at night,

others
5. Travel destination
6. Travel duration
7. Expected travel costs (based on

experience, real-time)
8. Environmental attitude

Examples of key decision attributes
modified and related to policy:

1. Day-to-day energy consumption (based
on experience, based on smart
consumption feature with smart pricing)

2. Appliance & system control (manual,
with programmable thermostat,
automation)

3. Energy consumption feedback (no
feedback, real-time individual, real-
time social)

4. Use of equipment (no energy efficient
equipment, investment into energy
efficient equipment like water &
heating, lighting controls, refrigeration,
air compression)

5. Energy generation (no generation,
some generation, high generation)

6. Tax incentives
7. Timing of energy consumption
8. Automation control features

3. A location in the landscape. A
location describes a citizen's
placement in the landscape based on
the combination of N decision
attributes p1, p2, …pN that a citizen
has selected. Two locations that are
very closely related to each other
have very similar decision attributes.

A citizen in VCO at a particular point in
time chooses a certain combination of
decision attributes p. For example, she
might choose to use the emergency room
for diagnosis, and go to an outpatient care
specialist to treat her symptoms that
someone in the social network has
recommended (referral).

A citizen in Stockholm at a particular point
in time might choose to drive by car (mode),
choose a toll-based route (charge associated
with route), and drive to the city center
(route) during peak times (time).

A citizen in Kansas City regulates
temperature & lighting ad-hoc, using
standard equipment, and has insight about
his predicted energy consumption on a
monthly basis.

4. The fitness value associated with
location: The fitness is the weighted
sum of the fitness contribution of all
decision attributes chosen by the
citizens. The higher the fitness value,
the greater the individual human
welfare in focus by the policy goal.

Each citizen e-health-related choice is
associated with a certain fitness value
associated with the location (i.e.,
individual welfare, measurable in terms of
subjective value of effect of the service in
personal health condition, including the
estimated waiting time for service delivery
and estimated costs).

Each citizen's mobility choice related to the
congestion charge system is associated with
a certain fitness value associated with the
location (i.e., individual welfare measurable
with the subjective value of time, estimated
cost spent to commute to the city center and
the environmental effect).

Each energy consumption choice is
associated with a certain individual
welfare, (i.e., measurable in terms of
subjective value of estimated cost spent
in energy consumption while
maintaining quality of life)

Property 2: The Citizens as Landscape Searchers
5. Local search (hill-climbing) versus
distant search (long-jumps).

• Local search: When hill-climbing, a
citizen only considers locations
nearby. They are more certain,
because they only require a change in
ONE decision attribute.

• Distant search: A long-jump implies a
major change a citizen's choice. They
move to a more distant location by
changing multiple (at least three)
decision attributes.

Citizens as behaviorally-bounded
searchers prefer local search, unless there
is information available that warrants a
distant move.

Examples of local and distant search away
from location described in 3. are:

• Local search: The citizen decides to
switch to remote-based monitoring of
his blood sugar (monitoring for
prevention) but does not change any
other healthcare-related decision
attributes.

• Distant search: The citizen chooses an
e-health solution for monitoring for
prevention, diagnosis and home care.
She/he changes 3 attributes.

Examples of local and distant search away
from location described in 3. are:

• Local search: Instead of driving during
peak hours, the citizen departs earlier to
save time and money. The person only
changes the departure time.

• Distant search: The citizen switches to
public transportation (mode), and leaves
earlier in the day (departure time), and
also increases his/her attention to
environmental impact (environmental
awareness). She/he changes 3
attributes.

Examples of local and distant search
away from location described in 3. are:

• Local search: Citizens use smart
consumption feature and adjust her
energy conservation behavior slightly
(e.g., she washes her clothes at night)

• Distant search: The citizens decide to
buy energy efficient equipment (e.g., a
new water heater) and installs energy
generation products (e.g., solar panels)
to produce energy during peak hours.

Sources: Billinger et al. (2014); Levinthal
and Warglien (1999); March (1991);
Simon (1955).

Sources: Albert, Shevchik, Paone, and
Martich (2011); Central European Living
Lab for Territorial Innovation (2019);
Ferro, Loukis, Charalabidis, & Osella
(2013b); Misuraca, Rossel, and Codagnone
(2011); Pillon (2015); Ross, Stevenson,
Lau, and Murray (2016); Rota and
Santafede (2012); Tennant et al. (2015).

Sources: Börjesson, Eliasson, Hugosson, and
Brundell-Freij (2012); Eliasson Rhodes
(2012); Eliasson (2008, 2014); Eliasson and
Jonsson (2011).

Sources: Goulden, Bedwell, Rennick-
Egglestone, Rodden, and Spence (2014);
Hedges (2015); SmartGrid (2011);
Vojdani (2008); Zhang, Liu, Sayogo,
Picazo-Vela, and Luna-Reyes (2016).
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attributes is visualized for citizen C#3, who takes a long-jump and
moves from [110111] to [001111].

4.2. Transparency in policy making: an empirically validated co-
evolutionary framework

Having established the two basic properties of an NKC citizen fitness
landscape, we turn to the generative mechanisms that explain how
transparency impacts effective policy making. We have identified those
mechanisms triangulating between theoretical representation using gen-
eral theoretical arguments of the NKC landscape model (Kauffman,
1993; Levinthal, 1997; Levinthal & Warglien, 1999; McKelvey, 1999) as
well as empirical reflection and validation using instrumental cases with
longitudinal data. Indeed, the empirical analysis, guided by theoretical
assumptions, was essential for identifying the generative mechanisms.
We have summarized our results in a co-evolutionary framework in
Fig. 3, and detail our theoretical and empirical results on the generative
mechanisms in Table 4.

Fig. 3 describes the causal logic of co-evolutionary adaptation
through the CAS lens, in which citizens as searchers of their landscapes
co-evolve. Our explanatory focus is on the effectiveness of policy
making, defined as the success in enabling citizens to adapt in align-
ment with the policy goal to produce greater collective human welfare for
their citizens as a whole (Box 1).

In line with basic assumptions of CAS (see Section 2.2) and our
theoretical foundations (Section 4), the collective-level outcome
emerges from the individual adaptation of the citizens who engage in
iterative search moves (Box 2) on their interdependent citizen land-
scapes. Citizens search in parallel across their individual citizen land-
scapes, which represent the choice architecture related to a particular
policy goal. The outcome of these co-evolutionary processes, each
taking place in an individual local context, aggregates into a welfare at
collective level. This generative aspect is not the result of a priori design,
but it surfaces from local search processes (Gell-Mann, 1995). A co-
evolutionary view towards complexity suggests that there are three
sources of complexity that affect the nature of co-evolutionary adap-
tation locally via the shape of the citizens' landscapes: (1) internal de-
pendence in an individual landscape (represented with the attribute K)
which we label as individual decision interdependence; (2) decision bias

inherent to a citizen's search heuristic; and (3) external inter-
dependence between different citizens (represented with the attribute C
in NKC) which we refer to as collective decision interdependence. These
three sources can cause so-called “complexity catastrophe” (Kauffman,
1993). Referring back to our citizen NKC fitness landscape con-
ceptualized earlier (Fig. 2), this describes a condition where citizens get
“trapped” or settle on locations with low peaks that do not bear a high
individual welfare, compared to the highest peaks in the overall land-
scape. Such conditions are socially undesirable, in particular, if such
complexity catastrophes cannot be “reversed” because citizens are un-
able to adapt to the information available about their citizen land-
scapes. We will elaborate on each source of complexity in the next
section.

Our framework conceives transparency as an integral part of itera-
tive policy making throughout the whole policy cycle (Box 3). In our
empirical analysis we learned that transparency, as a digitally-mediated
relationship between policy makers and citizens, is often present during
the early stages of the policy cycle of discovery (including problem
definition and policy development) as well as later ones (including
implementation and evaluation) (Janssen & Helbig, 2016). In ac-
cordance with an integrative view towards transparency in prior lit-
erature (see Section 2.1), citizens (and their citizen landscapes) are the
primary object of transparency, whose behaviors are observed by policy
makers and other the citizens themselves (or both). Thus, as visualized
with the arrows in the Fig. 3, if there is visibility of the citizen land-
scapes (and the citizens behavior on them), there is also transparency
about the sources of complexity in these landscapes. Our theoretical
engagement with the NKC fitness landscape and our empirical analysis
suggest that there are three types of transparencies, each relating to a
particular source of complexity.

Our casual logic to explain the effect of transparency is articulated
through generative mechanisms, that is policy-making processes that
utilize transparency to modify the citizen landscapes and the informa-
tion available to citizens about their landscapes (Boxes 4a and 4b). Each
of the three transparencies affects co-evolutionary adaptation via two
complementary generative mechanisms: (1) Orchestration for local search
via fitness landscape tuning (Box 4a) (Janssen & Helbig, 2016); and (2)
Social learning for distant search as different variants of “social nudging”
(Box 4b) (Bandura, 1965; Benkler, 2006; Sunstein, 2014). While these

Fig. 2. Rugged citizen fitness landscape with citizens as searchers.
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mechanisms unfold differently, depending on the type of transparency,
they share general explanatory principles. Orchestration for local
search via fitness landscape tuning (Levinthal & Warglien, 1999) refers
to the policy makers' attempts to tune the citizen landscape so that it
becomes smoother, allowing citizens to safely move towards the peak
using local search. The generative mechanism of social learning for
distant search is a form of a “nudge” (Sunstein, 2014) that exploits the
constituting role of social information in decision making (Bandura,
1965; Benkler, 2006; Sunstein, 2014). Our view of nudging through
social information considers the evolutionary and adaptive nature of
human behavior (Levinthal & Warglien, 1999; Simon, 1990; Sloman &
Fernbach, 2018) in which information about citizens with very different
experiences may represent an essential capacity for citizens to learn
from each other. Social nudging can change their behavior more fun-
damentally using distant long-jumps on their landscapes (Levinthal &
Warglien, 1999).

Table 4 summarizes the results that explain the transparency effects
with 6 generative mechanisms, grouped into the three transparencies
(each relating to one particular source of complexity). For each trans-
parency and its related generative mechanisms, we present our results
of the theoretical representation of the NKC properties (left column) and
the empirical sense making (right column). We will discuss each trans-
parency and its related generative mechanism in the following sections
4.3. to 4.5.

4.3. Transparency about internal decision interdependence and its
generative mechanisms

The first transparency relates to the internal decision inter-
dependence inside an individual citizen landscape. We will first define
it and then articulate two generative mechanisms that explain its po-
sitive effect on positive co-evolutionary adaptation.

4.3.1. Transparency about individual decision interdependence
Our study suggests that one form of transparency relates to the

observability of interdependencies among the different choice attri-
butes in a single citizen landscape, created and modified by policy
makers (Billinger et al., 2014; Sunstein, 2014). Our citizen landscape is
best represented as the observability of: (1) the links among the N
policy-related choice attributes p in the landscape (Kauffman, 1993;
Levinthal, 1997; Levinthal & Warglien, 1999; McKelvey, 1999); and (2)
the (negative) effect of such interdependence in citizens' human welfare
when they search on the landscape. In the original NKC model, this is
referred to as epistatic interactions in the fitness landscape (Kauffman,
1993; Levinthal, 1997).

Having transparency about individual decision interdependence
provides important insights into one source of complexity that stems
from the shape of the individual citizen landscape (Levinthal & March,
1981; Levinthal & Warglien, 1999) simply because it makes the surface,
that is the ruggedness, of an individual citizen landscape observable.
From a policy makers' point of view, it is desirable to have zero or at
least low interdependence because it stabilizes the adaptation of the
citizens on their landscapes. If individual decision interdependence is
zero or low, a citizen's fitness landscape is single peaked like in Fig. 4.
Such smooth landscapes “gently lead the [citizens] to the maximum”
(Levinthal & Warglien, 1999, p. 345) from any starting point. It allows
citizens to utilize their search preference for local search. Since they can
discriminate between immediate neighborhood locations (choices) that
are leading uphill to greater human welfare and those that lead
downhill to a lower human welfare, they eventually reach the max-
imum on smooth landscapes. However, we learned in our study that
many citizen landscapes are not always smooth, in particular if policy
makers introduce new and modify existing decision attributes through
the policy solution. If citizen landscapes have many interdependencies
between the N decision attributes, the landscape becomes more rugged
or multipeaked because two neighboring solutions, even though they
are very similar in their decision attributes, are associated with very
different fitness values. A more rugged citizen landscape with 10 de-
cision attributes, and 9 interdependencies between a particular decision
attribute p1,..p10 is illustrated in Fig. 4 below. This visualization

Fig. 3. Co-evolutionary framework of transparency in policy making.
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describes the shortcomings of local search for human welfare.
On a rugged landscape, if a behaviorally bounded citizen tries to use

his preferred local move from Location A to any immediate neighboring
location, the person might only observe downward paths as the peak is
surrounded only by valleys. The citizen cannot “see” better choices, like
Location B, since that is beyond what can be perceived. As a result,
citizens easily get trapped on a suboptimal peak, with significant ne-
gative implications for human welfare overall.

In the VCO E-health program, for example, policy makers gained
transparency about such individual decision interdependence with the
help of the “Padgets” platform, which allowed mining and analyzing
perceptual, communicative, and behavioral data throughout the policy
cycle (Ferro et al., 2013). They could learn that the introduction of an e-
health choice may strongly interact with other decision attributes re-
lated to the use of healthcare services by citizens. For instance, where
should the citizens go for treatment, diagnosis (whether performed in an
emergency room, outpatient care or e-health), homecare, (whether
through e-health or the traditional physical homecare, or referral,
where a “personal operator” could also provide professional re-
commendations)? Using e-health meant that citizens would be able to
use interactive remote diagnosis and remote monitoring for prevention
(e.g., blood pressure, sugar levels and other parameters). However,
going the e-health route may not always have been compatible with
many other previous choice attributes (e.g., keeping the current out-
patient care doctor) and expenses (free service versus potential charge for
future e-health deployment options). If healthcare professionals were
not part of the e-health offering, a citizen would not have been able to
combine e-health with his/her existing healthcare services. For ex-
ample, they would not be able to have remote monitoring for prevention
via e-health with their existing doctors, but instead would have a
“personal operator” with access to their diagnosis. Furthermore, the use
of an emergency room for diagnosis of nonacute conditions, a preferred
choice by many citizens, seemed not to be compatible with the e-health
option, as it would replace it. As a result, the e-health decision land-
scape of an individual citizen became “rugged” and a single local move
(one change in a decision attribute) could lead to a significant drop in a
citizen's fitness. For example, if citizens choose e-health for monitoring
their health (e.g., blood, sugar parameters) but were unable to integrate
such monitoring into their treatment service with their traditional
doctors, citizens move down the hill (Rota & Santafede, 2012).

But how can policy makers use the insights about the ruggedness of
an individual citizen landscape to create levers for behavioral change in
line with the policy goal? Our study suggests that transparency effects
can be explained by generative mechanisms and processes that stabilize
co-evolutionary adaptation on fitness landscape. We explain these next.

4.3.2. Orchestrating mechanism for local search via landscape tuning
First, by tuning down some of the interdependencies between de-

cision attributes modified by a new policy (and those affected by it)
policy makers can stabilize the adaptive search processes of the citizens
and create a single peak landscape with lower K. On such citizen
landscapes, citizens may easily adapt towards greater human welfare
irrespective of their current location because they have access to un-
ambiguous information feedback in their immediate neighborhood on
their landscapes that allow them to smoothly move to the basin of at-
traction (Levinthal & Warglien, 1999, p. 34), a term used in complexity
theory for describing the peaked area in the landscape with the highest
welfare. In other words, policy makers need to transform the landscape
into one that has a clearly visible single peak, where surfaces afford
intuitive decisions with a low cognitive effort (Kahneman, 2003), since
the peak can be reached with local moves (hill-climbing). We identified
two specific tuning actions.

Policy makers may use transparency about K to iteratively “re-
engineer” their policy solutions so that attributes modified by such
solutions become compatible with other attributes (Weerakkody,
Janssen, & Dwivedi, 2011). In NKC language, this is also referred to asTa
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“decoupling,” which makes behavioral change safer and somewhat
more predictable. In the VCO case, policy makers created compatibility
between the e-health option and other important healthcare choice
attributes such as diagnosis, treatment, homecare, and referral (see
Table 3). Compatibility of choices between the e-health option and
other healthcare decision attributes affords continuity in behavior, ir-
respective of their particular choice (or location). For example, an e-
health monitoring solution for control of blood sugar parameters can be
easily combined with a treatment service from a specialist since this
specialist supports e-health in their practice.

Second, we learned that policy makers may also use constraints in
the landscapes in order to visibly guide citizens on their path to climb
towards the peak with local moves (hill-climbing). We define con-
straints in accordance with literature on complexity and decision ar-
chitecture (Weerakkody et al., 2011) as the mandatory stage of certain
decision attributes that cannot be modified by citizens, the searchers of
the landscape. For example, in the VCO e-health program, policy ma-
kers established a personal operator to facilitate the remote service
(Ferro et al., 2013). This personal operator, a mandatory choice, guided
citizens to a location on their landscapes that made local search easy.
The personal operator facilitated the decision-making process of citi-
zens hesitating about what to do next after using the different e-health
devices (e.g., blood, sugar and other health parameters). Thanks to the
personal operator, citizens could iteratively adjust their healthcare
choices, eventually leading to greater human welfare (e.g., avoiding
waiting time in emergency rooms when avoidable) and continuity of
care. Both efforts were realized at multiple stages of the iterative policy
cycle (e.g., during and after the pilot program to design the eventual
deployment in the Piedmont region), allowing policy makers to itera-
tively discover and evaluate the most robust surface of the individual
citizen landscape. Such tuned, robust landscapes provide unambiguous
guidance so that citizens can make simple and “safe” choices that in-
crease their individual welfare (i.e., reducing waiting time) in line with
the policy goal (i.e., to significantly reduce the number and frequency

of visits to emergency services and specialist outpatient services).

4.3.3. Social learning mechanism for distant search via information sharing
about citizen landscape

Complementary to individual fitness landscape tuning, our mod-
eling indicates that individual decision transparency should support
policy makers to create “social proof” (Lee, Tsohou, & Choi, 2017) of
the benefits of moving to a distant location for greater fitness value. If
citizens are informed about what others do, they can integrate such
moves with their own experiences. Such experiences are essential for
individuals to mutually exploit and explore their own and others' ex-
periences. Thus, a co-evolutionary view towards nudging does not make
citizens “randomly credulous” but instead offers them a generative
capacity to evolve towards greater fitness. It triggers social adaptation
that allows citizens to better cope with the uncertainty when engaging
in distant search (Billinger et al., 2014) or, in other words, a more
fundamental behavioral change.

In the E-health Program in VCO, policy makers made use of such
social learning. They used data collected from the “Padgets” platform
and shared social information about the welfare benefits experienced
by citizens who participated in the e-health pilot. Through their opi-
nions, citizens shared their feedback about their experience within the
pilot and how e-health was compatible with a range of different deci-
sion attributes, including diagnosis, treatment, or homecare service. Such
social insights may encourage others to significantly change their be-
havior choices and also be willing to adopt an e-health service in the
future, thus changing various decision attributes but without blindly
copying from others. The benefits experienced from such e-health
choices (e.g., no waiting time in emergency room, higher quality of
diagnosis) outweighed their perceived “costs” for e-health services (e.g.,
reduction of time with a doctor, technical barriers). They even ex-
pressed their willingness to pay for e-health even though they were
reluctant in the first place (Ferro et al., 2013). Thus, social nudging
enabled citizens to take more distant moves on their landscapes and

Fig. 4. Fitness landscape with 10 decision attributes and 9 interdependencies.
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become more flexible and generatively adapt towards greater welfare
through the diversity of local knowledge that policy makers made
visible and observable.

4.4. Transparency about decision bias and its generative mechanisms

We will next define the second type of transparency and explain its
generative mechanism for stable co-evolutionary adaptation.

4.4.1. Transparency about decision bias
The second type of transparency relates to the observability of ci-

tizens' decision bias when they search for greater fitness using search
heuristics (Anderson, 1999; Gell-Mann, 1995; Kauffman, 1993). In
simple words, such a decision bias (Kahneman, 2003, p. 1463) leads to
an incorrect evaluation of the welfare of a certain location.7 If policy
makers modify or add a new decision attribute when developing a
policy, citizens draw associations between their current choice or lo-
cation and the target one (Gavetti & Warglien, 2015; Tversky &
Kahneman, 1974). Such associations, however, lead to wrong conclu-
sions that do not reflect the actual welfare associated with the choice.
Essentially, citizens do not perceive an actual peak but assume that the
target location has lower or equal welfare compared to one's current
choice. As such, they do not consider a move. Our empirical data sug-
gests that citizens perceive such fictional landscapes. And they may lead
to unexpected negative welfare implications in the sense of a com-
plexity catastrophe where citizens settle on socially suboptimal choices
(McKelvey, 1999). The reason is as follows: If citizens search a fictional
landscape, citizens fail to consider moving to a higher peak because
their fictional landscape prevents them from actual discriminate op-
tions for increasing their fitness through local search (hill-climbing), or
more distantly, through a long-jump.

In the Stockholm Congestion Charging Program, policy makers used
social media, IoT, and ongoing evaluation exercises throughout a highly
iterative policy cycle to collect insights into the citizens' fictional
landscapes that reflect their misinterpretation of the benefits of a con-
gestion charge. They developed several versions of such a congestion
charge instrument, for which they changed the real citizens' landscape
by modifying certain decision attributes (e.g., the amount of the charge,
the time of traveling affected by the charge, the environmental information
communicated about the impact of the traffic reduction) and evaluated
citizens' perceptions and actions before and after testing the charge.
During this iterative process, policy makers learned that citizens tend to
be more sensitive to negative impacts of a behavioral change in align-
ment with the charge without considering its potential benefits in terms
of human welfare (e.g., no delay when driving a car or environmental
benefits) (Avineri, 2012). In the language of our model, they might
have perceived a distorted fictional landscape where the fictional fit-
ness value associated with a change, for example, a move to a new
location (choice), is much lower (e.g., cost of the charge when choosing
the mode of driving by car and paying for a toll-based road), compared
to the objectively achievable one (e.g., actual benefits regarding the
traffic reduction and positive environmental effects). This bias results in
the fact that a real “peak” associated with a choice involving a charge is
not perceived (Eliasson & Jonsson, 2011). Having transparency about
such biases shows that policy makers had insights into the fact that
citizens lack a clear gradient for hill-climbing and also had new in-
formation that warranted a distant long-jump.

4.4.2. Orchestrating mechanism for local search via fictional landscape
tuning

First, we learned that policy makers can utilize transparency to tune

the fictional landscape (Levinthal & Warglien, 1999) to transform the
“undifferentiated” fictional landscape into one that has a clearly visible
single peak, one we referred to earlier as having a basin of attraction
(Levinthal & Warglien, 1999). For example, in Stockholm Congestion
Charging Program, policy makers developed and evaluated a time-de-
pendent charge in a way that it tuned the fictional landscape to have a
clear visible “basin of attraction.” First, the charge between SEK 10 and
20 for different time intervals (roughly US$1 to $2) (Eliasson, 2008)
and a maximum daily charge of total SEK 60 (roughly US$6.50) was not
only small but also compatible with various decision attributes in the
citizens' landscapes (e.g., citizens could still take the same route, at the
same time of the day if they paid the charge). Second, the charging
scheme was simple in order to make it easy to understand (e.g., one
single charging cordon, with the same charge at all entry points and
same in both directions). Third, the charging system created real-time
feedback about the person's welfare implications. They could im-
mediately observe the cumulative charge per day and month as well as
their environmental impact (Eliasson & Jonsson, 2008). These three
factors tuned the fictional map in a way that a citizen who was pon-
dering whether to just drive at the originally intended time, or con-
sidered an alternative, simple option (e.g., changing their departure
time) had unambiguous insights about the benefits and costs prior to
making such a local move (hill-climbing). Apparently, the fictional
landscape surface was tuned so “smoothly” that it allowed citizens to
make intuitive decisions. Unambiguous information about the welfare
associated with a hill-climbing move (e.g., just leaving a little earlier)
triggered such a move and could also be immediately experienced:
streets were empty and congestion dropped by 30% (Eliasson &
Jonsson, 2011).

4.4.3. Social learning mechanism for distant search via information sharing
about fictional landscapes

Complementary to fictional fitness landscape tuning, we learned
that policy makers, by sharing insights about the perceived positive
welfare effect, can create an “illusion” of how much citizens are
“losing” if they are not changing their behavior and aligning with the
behavior of others (Kahneman, 2003; Rendell et al., 2011; Tversky &
Kahneman, 1986). For example, when iteratively designing and eval-
uating the Congestion Charging Program, policy makers publicly shared
the Stockholm citizens' positive experiences towards the congestion
charge based on a survey and data analysis after the first pilot program
of the charge (Eliasson, 2014) which emphasized the importance of the
environmental benefits of the charge (e.g., Börjesson, Eliasson,
Hugosson, & Brundell-Freij, 2012; Eliasson, 2008; Eliasson, Hultkrantz,
Nerhagen, & Rosqvist, 2009). Such insights about others' perceived
welfare implications (via environmental benefits) may explain why
some (not all) citizens engaged in a more fundamental change (long-
jump or distant move). Instead of just driving a little earlier, about 15%
of the car drivers who typically “crossed the toll cordon” switched to
public transport, which implied changing the time of departure, route,
travel duration, among other decision attributes (Börjesson, Eliasson, &
Franklin, 2012; Karlström & Franklin, 2009).

4.5. Transparency about collective decision interdependencies and its
generative mechanisms

Our study shows that a third type of transparency of collective de-
cision interdependence is essential to generatively respond to the third
complexity source, namely the links between different citizen land-
scapes. We will next define this transparency and then discuss its gen-
erative mechanisms.

4.5.1. Transparency about collective decision interdependencies
The third type of transparency relates to the observability of in-

formation about the interdependencies between multiple individual
citizens' choices that exist in so-called social dilemma conditions

7 It is important to note that not all search heuristics automatically imply a
bias; for a more detailed discussion on this, we refer to (Gigerenzer & Todd,
1999).
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(Kauffman, 1993; McKelvey, 1999). A social dilemma describes the
situation in which the individual's and the group's welfare benefits
accrued from a common pool of resources are misaligned: Citizens act
selfishly, following their self-interests in contributing and using the
common pool of resources. However, due to collective inter-
dependence, such individualism can emerge into socially suboptimal
outcomes as soon as the resources become scarce or less valuable
(Glance & Huberman, 1994; Levinthal & Warglien, 1999; Ostrom,
1996). In the Smart Grid Program in Kansas City, policy makers faced a
social dilemma. The community of citizens participating in the Smart
Grid pilot project affect each other in both producing and utilizing a
common pool of distributed energy resources (Wolsink, 2012), in-
cluding fossil (coil, oil, natural gas), electric, and renewable sources
(i.e., solar, biofuel), managed through a smartSubstation that integrates
and distributes them (Wakefield & Hedges, 2010). However, the
amount of clean energy available from such a collective production at a
particular point of time is not unlimited (Rhodes, 2012). Thus, if many
citizens act selfishly at a particular time and extensively consume en-
ergy through heating, cooling, and lighting during peak times (e.g.,
they all cook, wash, and watch TV during evening hours), without
considering the implications of the collective pool of energy resources,
the grid can easily reach its limits in terms of availability of resources,
in particular the clean ones. Such selfish behavior negatively affects the
welfare of the group as a whole: The demand of energy exceeds the
availability of clean energy resources (e.g., solar, wind, etc.), leading to
increased need to draw from fossil and electric power. Overall, the
reliability of the grid is at risk, and the community's goal to be “green”
(and eventually realize net-zero production) cannot be met. The natural
tendency of humans to often unconsciously focus on their own benefits,
simple because of routines and habits learned in the past (e.g., washing
a little later at night, or producing instead of consuming energy during
peak times), creates a negative social dynamic that is difficult to be
reversed.

In our NKC modeling, such social dynamics with negative self-re-
inforcing mechanisms result from the negative C interdependencies
between citizen landscapes, that is, the degree of decision attributes
that cause social dynamics to emerge (Kauffman, 1993; Levinthal &
Warglien, 1999; McKelvey, 1999). The greater the collective inter-
dependence, meaning C is high, the more citizens follow their self-in-
terest by seeking hill-climbing opportunities. Such moves eventually
lead to negative dynamics on their landscapes in terms of welfare
“drops.” Their focus on their own interests, often habitual in nature (for
example, cooking in an energy inefficient way), leads to a “drop” in
citizens' welfare after making such choices (Wood & Newborough,
2003) because of the negative implications of the common pool. In
other words, the landscape is “misleading” citizens towards a peak that
disappears once citizens have moved there because of the negative
dynamics emerging from individualistic hill-climbing on dancing
landscapes (Levinthal & Warglien, 1999).

Policy makers in Kansas City benefit from the Smart Grid's IoT in-
frastructure and smart end-user platform to observe (1) the decision
attributes that cause interdependencies between citizens' choices as
well as and (2) the degree of negative dynamics caused by such inter-
dependencies. Real-time energy consumption data combined with real-
time data from the grid gave them transparency about the high degree
of behavioral interdependencies between decision attributes shaped by
the policy. For example, they learned that a citizen's behavior of energy
conservation (no conservation, based on experience or based on smart
consumption features), the timing of their behavior (off-peak, peak
time), the equipment they chose to install, and/or their degree of energy
generation are key attributes that create the negative self-reinforcing
dependencies on “dancing” landscapes described above (SmartGrid,
2011). They might also have learned about the negative implications of
such dancing landscapes in terms of collective welfare. For example,
they might have observed that under conditions where citizens exploit
individual benefits (e.g., he/she does not conserve energy on a day-to-

day basis, consumes energy during peak times [summer, daytime, using
equipment with low-energy efficiency]) when climbing up their in-
dividual landscapes, they eventually benefit less individually than they
imagined they would (e.g., higher prices during peak times, negative
social reputation because of failure to meet social norms).

We will next discuss how policy makers can utilize transparency
about such collective interdependencies in order to: (1) tune to reverse
the negative dynamics created by such collective interdependencies
between citizen landscapes and encourage illusionary local search on
dancing landscapes; and (2) nudge citizens into distant moves through
social information sharing.

4.5.2. Orchestrating mechanism for illusionary local search via dynamical
landscapes tuning

Our modeling effort suggests that policy makers can utilize trans-
parency to reverse the negative self-reinforcing processes created
through collective interdependence. To do so, they need to use trans-
parency to support citizens in what Levinthal and Warglien (1999) refer
to as illusionary hill-climbing. Illusionary hill-climbing can happen if
policy makers create a fictional landscape that makes citizens – sitting
on their individual landscape at a certain location – perceive a fictional
positive gradient around them, even though, in reality, such a gradient
does not exist prior to the “move.” However, once citizens move in that
direction, the negative collective interdependencies make the citizens'
landscape dance: the real peak rises because of this illusionary move.
Such a positive experience, in alignment with the group's goal, re-
inforces such an illusionary hill-climbing move. One important condi-
tion, though, is that such illusionary hill-climbing happens in co-
ordination: If some citizens are unable (or willing) to perceive and act
upon an illusionary hill-climbing move, a positive dynamic will not
emerge but instead the collective will shift away from a greater col-
lective welfare.

In the Smart Grid Program in Kansas City, policy makers created
such an illusionary hill-climbing option: by introducing smart con-
sumption as a policy solution, it modified how citizens engage in day-to-
day energy conservation actions (Allen, 2011; Wakefield & Hedges,
2010). With smart pricing (real-time, differentiated by appliances),
combined with the use of MySmart display (Allen, 2011), real-time and
disaggregrated feedback about energy consumption for different ac-
tivities (heating & cooling, lighting) and appliances can be achieved,
thus helping policy makers aim to reverse the negative self-reinforcing
mechanism for individualism and self-interest.

By lowering the costs during off-peak times in real time and in-
creasing prices real-time during peaks, citizens shift their attention to
opportunities that allow for simple cost reduction in alignment with
their tendency to act individualistically because of established habits
and routines, e.g., for heating & cooling or lighting. For example, they
could see their high costs for cooking during peak times, and use the
predictive functions for the next day to adjust their behavior ad-hoc and
cook a little earlier. Visibility about positive benefits of such a slight
move adjustment (e.g., energy savings, lowering costs) signaled a po-
sitive gradient before making such a move. It also led to actual welfare
benefits. Smart Grid products and tools gave citizens the ability to
manage their energy use, which then helped them save money on their
monthly electric bills (Wakefield & Hedges, 2010). Assuming that many
people are sensitive to pricing and information feedback, it is “co-
ordinated” illusionary hill-climbing among the citizens as members of
the Smart Grid that explains the positive alignment with the policy. By
moving downward on their landscapes, the citizens reversed the dy-
namics from a negative into a positive one. While moving downward,
an upward shift of the citizens' peak occurred.

The fact that the project reported a decline in energy consumption,
on average, of 10% during peak demand periods (Hedges, 2015), in-
dicates that the policy solution, with smart consumption features being
an essential component, was generative in the sense that it triggered
positive dynamics potentially afforded through illusionary hill-
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climbing. It might also explain why policy evaluation reported greater
reliability of collective energy provision and reduced outage (Hedges,
2015; Wakefield & Hedges, 2010).

4.5.3. Social learning mechanism for illusionary distant search via
information sharing on dancing landscapes

Policy makers may also use transparency about collective inter-
dependencies to encourage citizens to engage in illusionary distant
search (Levinthal & Warglien, 1999). Our co-evolutionary modeling
suggests that social information can create the illusion of a distant lo-
cation with a higher peak that aligns well with a visible norm of pre-
serving the common pool of resources (Ostrom, 1990). The social in-
formation not only provides some form of a confirmation that social
peaks exist but also suggests which decision attributes to change. As
mentioned earlier in Section 4.3., such a socially informed distant long-
jump is somewhat uncertain as it relates to actions a citizen has not
taken before. However, the social information warrants some sort of
isolation from a potential risk of unexpectedly high welfare drops. Such
guidance is essential to reverse the negative collective inter-
dependencies and encourage citizens to coordinate their actions to-
wards a collective goal in order to utilize the common pool of resources
in a socially optimal way.

In the Smart Grid Program in Kansas City, transparency was utilized
for such a form of illusionary distant move on dancing landscapes. The
Customer Web Portal (also called MySmart portal) was a full-featured
informational web portal offering opportunities for “shared learning via
experiences from how others use energy more efficiently” (Allen, 2011,
p. 16). Citizens could observe the welfare achieved by the community
as a whole, i.e., the total kWh consumed per day, the average costs per
hour per citizen, the total kWh produced by citizens (in their role as
energy producers). Through social information, they potentially also
learned about what others were doing to align with this goal, such as
buying energy efficient equipment, installing a new solar cell or auto-
mation control features for their homes (e.g., a thermostat with pre-sets
and a scheduling function). Essentially, the social information framed a
collective mindset while also creating a “postcard” map with tips and
tricks on how achieve a community goal. While the perceived benefits
were only an “illusion” in the first place – since they required in-
dividuals to take the effort and install new equipment, purchase new
control features, change their day-to-day activities – the benefits be-
came real as soon as the citizens engaged in this new behavior with
confidence. The real peak associated with that choice had “risen,” not
only because of their own choice but because many others also aligned
with the collective goals (Taft & Becker-Dippmann, 2015).

5. Implications for existing literature

In this paper, we asked the question: What generative mechanisms
explain how transparency-enabled policy making enable a civic complex
adaptive system (CAS) to evolve towards greater human welfare? We used
conceptual modeling, a methodology accepted and established in public
administration literature (e.g. Rhodes Rhodes, 2012; Rhodes &
Dowling, 2018), to deeply engage with the general theory of evolu-
tionary adaptation on NK fitness landscapes through formal re-
presentation of the key properties of the landscape model as well as
empirical analysis of historical data in three distinct policy areas. Our
empirically grounded framework summarized in Fig. 3 is the first effort
in the public policy literature that rigorously maps an NKC fitness
model to the context of transparency in policy making. The results of
our complexity modeling, the identification of six generative mechan-
isms summarized in Table 4, provide new rigorous explanations of how
transparency in policy making can lead to more effective and socially
desirable outcomes. These insights have implications for two literature
streams, namely the literature on digitally-enabled transparency in
participatory policy making, as well as the literature on complexity in
public policy and public administration. We will comment on both

streams in the following section.

5.1. Implications for literature on transparency in participatory policy
making

Our results advance the recent discourse on the transformative role
of transparency and information sharing in participatory policy making.
This literature suggests that platform technologies like social media,
IoT, and data analytics, and the transparency afforded through them,
transform the overall policy cycle since transparency creates new in-
direct levers for encouraging behavioral change (Janssen & Helbig,
2016; Janssen & Kuk, 2016; Matheus et al., 2018; Meijer, 2013). Prior
literature suggests that these levers unfold through orchestration and
nudging. Our modeling provides a new perspective towards these in-
direct forms of policy making through a complexity lens.

5.1.1. Orchestration
First, we corroborate recent arguments about the fact that digitally-

enabled transparency and data-driven policy making creates new in-
direct roles of orchestration (Janssen & Estevez, 2013; Janssen & Helbig,
2016). The general notion is that orchestration is a process of super-
vising the discovery, design, and evaluation of policy solutions (Janssen
& Helbig, 2016, p.6) rather than the mere provision of solutions by
policy makers themselves. Our dynamic theory suggests that such or-
chestration roles follow principles of co-evolutionary adaptation and
self-organization, in which order spontaneously arises from citizens'
actions outside of centralized control. Using the powerful concept of a
fitness landscape mapped onto a citizen's decision space on which ci-
tizens adapt in response to policy makers' actions, we show that the
very idea of orchestrating for self-organization is not an oxymoron. We
articulate how transparency facilitates policy makers to take new in-
direct orchestrating roles in the form of what Levinthal and Warglien
(1999) refer to as landscape designers, who consider the uniqueness of
each citizen's context. Our results, summarized in Table 4, present three
different forms of orchestration that explain how transparent policy
making enables citizens to adapt in alignment with policy goals.

First, our theory shifts the focus of discovery of the actual policy
solution to the observability of citizen as searchers of interdependent
landscapes, which represent the interdependent decision spaces that
policy makers directly and indirectly change and modify through their
policy making actions. Thus, instead of using transparency to source the
optimal policy solutions with the greatest predicted welfare impact
(Janssen & Helbig, 2016; Linders, 2012), transparency is generative if it
facilitates policy makers in uncovering in how citizens make decisions,
and how the context of citizens' choices creates uncertainty and ambi-
guity. In NKC language, this implies that they uncover the properties of
the citizen landscapes and how citizens search across it. For example, in
the E-health Program in VCO, policy makers did use a transparent
policy cycle to learn about many interdependencies between the var-
ious e-health care-related decision attributes. They learned that such
high interdependence created uncertainty, freezing behavioral change
(Rhodes, 2012) since they would not know how to combine e-health
with their existing healthcare routines. In short, the sources of com-
plexity need to be in focus when discovering policy solutions.

Second, our insights extend prior arguments made about the need
for simplification, personalization, and consistency when iteratively
(re)-designing and evaluating policy solutions based on insights gath-
ered during the discovery process (Janssen & Kuk, 2016;Linders, 2012;
Sunstein, 2014). Our results show that for orchestration to unfold
successfully, policy makers use their insights as landscape designers
who carefully modify the decision space of the citizens so that it is
consistent with the idiosyncratic context of the citizens, who are diverse
in their context and experiences. Simply speaking, what is made
transparent to the citizens should enable them to take advantage of
their local knowledge, that is the behaviors they are familiar with
(Linders, 2012). Referring back to the E-health Program in VCO, policy
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makers “tuned” down the interdependencies and ensured that there is
greater compatibility between each citizen's particular healthcare ser-
vice choice and an e-health solution. Through such “tuning” activities,
they created a smooth landscape with a visible, single peak that guided
citizens towards higher welfare, irrespective of their current position on
the landscape. Since the policy makers simplified the decision context,
citizens could align easily. For example, they could start monitoring her
blood sugar remotely, without having to change other services (e.g., her
current outpatient service providers). Indeed, “greater […] transpar-
ency do[es] not necessarily improve understanding” (Janssen & Kuk,
2016, p.371). On the contrary, what is observable and communicated to
the citizen about her/his policy-related choices – or, in other words, her
citizen landscape – matters. If it is consistent with the citizen's parti-
cular context (or, in other words, her position in the citizen landscape)
it may impact success. As we show with our empirical data, a focus on
personalization may lead to greater policy success, even if the under-
lying policy solutions are not optimally designed from the perspective
of economic optimization (Eliasson, 2008). Thus, we suggest that future
work on transparency and data-driven policy making should consider
that orchestration for self-organization comes in different forms, each
considering the unique citizen context. There is a unique orchestrating
mechanism that responds to different sources of uncertainty in the ci-
tizens' decision context: (1) internal decision interdependence; (2) de-
cision bias; and (3) collective decision interdependence. We hope that
future theory development on orchestration in policy making integrates
insights from our tri-partite view of transparency and that related or-
chestration mechanisms.

5.1.2. Nudging and information sharing
Our framework also has implications for the discussion on in-

formation sharing and nudging in transparent policy making. According
to this discussion, transparency affords policy makers in realizing be-
havioral levers that “nudge” citizens into socially desirable behavior
(EC, 2019; Profir, 2015; Shafir, 2013; Sunstein, 2014). The general
argument is that targeted information sharing that “nudges” without
restricting the freedom of choice is a powerful form of policy making
since it subtly encourages behavioral change. Our framework proposes
a co-evolutionary view towards “nudging,” with a focus on new forms
of social nudging (Linders, 2012; Sunstein, 2014). A social nudge is
typically assumed to be the social norm, where insights on what “most
of others are doing or thinking” trigger adherence to the status quo.
However, a co-evolutionary view towards social nudging goes beyond
that. Social media and online collaboration platforms offer new means
to iteratively learn across different contexts “by collapsing time, space
and hierarchy” (Linders, 2012, p. 450). Our framework suggests that
social information may nudge citizens into social learning, during
which citizens are not ridiculously credulous but integrate their own
experiences and those of diverse others. We identified three forms of
social learning, each reflecting the particular nature of three sources of
complexity in the citizen's decision space. For example, in the third case
on Smart Grid in Kansas City, citizens could observe the collective in-
terdependence among their own and others' choices, since they were
notified about the community's energy conservation in real time, as
well as the choices of others in consuming and producing energy.
Having insights about experiences of others while learning about the
implications of the interdependence between their actions for their own
personal benefits (e.g., costs of energy consumption) explains why ci-
tizens started to make more fundamental changes in their energy be-
havior inspired by insights from others (e.g., buying energy efficient
equipment or installing a solar panel).

5.2. Implications for the literature on complexity in public policy and public
administration

Our results have three implications for the stream of complexity
literature in public policy and public administration (Schneider Rhodes,

2012), specifically, recent efforts which deeply engage with the fitness
landscape model (Gerrits & Marks, 2014) through empirically-grounded
modeling rather than just sensitizing metaphorizing (Rhodes &
Dowling, 2018) in order to develop new theories of public policy and
governance (Rhodes Rhodes, 2012). In particular, our results directly
respond to the call made by Rhodes and Dowling (Rhodes, 2008;
Rhodes & Dowling, 2018) for more granular efforts in engaging with
the properties of the NK fitness landscape (Rhodes, 2008; Rhodes &
Dowling, 2018) in order to explain how: (1) interdependencies among
the agents and their decisions in the CAS (Rhodes & Dowling, 2018) as
well as (2) information dissemination and co-ordinational activities across
agents shape the evolutionary adaptation of the agents represented in
CAS, or, in other words, its generative (or adaptive) capacity (Schneider
Rhodes, 2012).

First, our results bring new insights into existing modeling attempts
that point to social interdependencies among agents and their decisions in
different policy domains, such as anticorruptions (Michael, 2004),
education (Toh & So, 2011), and protesters' behavior (Sword, 2007).
Such attempts generally conclude the “adaptive moves of agents in
search of a better ‘fit’ have a reciprocal influence on other agents”
(Gerrits & Marks, 2012), which can cause unexpected co-evolutionary
processes that governance theories need to incorporate. They indicate
that such interdependence is a critical source of Kauffman's (Kauffman,
1993) complexity catastrophe that may render policy making in-
effective. However, as Rhodes and Dowling (2018) highlight, existing
modeling efforts concerned with this form of interdependence require
more granular modeling. Our results suggest that existing public policy
theory using complexity should distinguish between two different types
of interdependence, namely individual and collective interdependence,
and the adaptive processes emerging from it. Our inquiry into the smart
energy policy domain in the Kansas City case suggests that such inter-
dependence, represented as K in the NKC fitness landscape model, can
cause dynamical processes of adaptation on “dancing, and socially
moderated landscapes.” Such processes are distinct from the adaptation
that is caused by complexity rooted in individual cognitive processes,
namely individual decision interdependence and decision bias. By ar-
ticulating the distinct nature of adaptive processes of fitness landscapes,
we respond to the questions raised by Butler and Allen (Butler & Allen,
2008, p.435): “Are [these processes] individual and cognitive, do they
take place at the group and organizational levels, or do they take place
more dynamically at all levels?”

Second, our modeling of complex CAS in three policy domains also
has implications for the discussion on the role of information dis-
semination and coordination in policy theories geared towards com-
plexity (Rhodes & Dowling, 2018). Existing policy-making theory using
fitness landscape modeling concludes that “information feedback from
the agents' environment” is essential for its generative (or adaptive)
capacity of the system to align with a policy goal (Astbury et al., 2009;
Gerrits & Marks, 2014) as well as the policy makers' rules created to
support their goals (Rhodes Rhodes, 2012). Our unique contribution to
this discourse is that we distinguish between different forms of in-
formation-based coordination by introducing a tri-partitive view of
transparency, conceptualized as observability of information related to
different three properties of the citizens' fitness landscapes, which
policy makers design through their policy-making actions: (1) in-
dividual decision interdependence; (2) decision bias; as well as (3)
collective decision interdependence. Our empirically grounded frame-
work explains how policy makers can utilize each of these transpar-
encies, so they translate into a generative mechanism, a system-im-
manent capacity that increases the effectiveness of policy making
through interaction with a transparent decision environment (Gerrits &
Marks, 2014; Rhodes & Dowling, 2018). Specifically, we extend Rhodes
Rhodes' (2012) findings about the implications of uncertainty in policy
making. On the one hand, we show that transparency can afford an
orchestrating mechanism that unfolds via fitness landscape tuning that
reduces uncertainty because they tune fitness landscapes in a way that
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encourages local search, or in other words, affords incremental beha-
vioral change at low levels of uncertainty. We learn that with respect to
all three sources of complexity, the reduction of uncertainty through
landscape tuning unfolds in a unique way. Complementary to this
generative mechanism of “orchestration via fitness landscape tuning,”
we learn that all three types of transparencies may also create a gen-
erative mechanism of “social learning via information sharing” in
which citizens become more tolerant to uncertainty. To conclude, both
generative mechanisms – orchestration as well as social learning – offer
new explanations for how policy making can utilize digitally-enabled
transparency for effective policy making by manipulating uncertainty
or citizens' tolerance of it.

5.3. Conclusion

Platform technologies – social media, IoT, and data analytics – force
a reinterpretation of the role of government as well as the concept of
transparency. The rise of platform technologies has the potential to
fundamentally change the role of transparency in policy making.
Citizens as participants in policy making, who cannot be “controlled”
but only be facilitated, move to the center of the discourse on trans-
parency – their challenges, opinions, and responses to policies and
policy-related information become observable, interpretable, and
sharable. The direction is clear: The discourse has shifted from the
question of whether there is a need for transparency to: If and how can
transparency be utilized for more indirect levers for behavioral change
outside of central control? Contemporary policy practices show that
some policy makers have taken up the challenge to realize this poten-
tial. However, the lack of robust theoretical foundations has made it
difficult to explain how policy making can utilize transparency in a way
that equips the citizens with a generative capacity to align with the
policy goal while also isolating socially undesirable outcomes with
negative implications for human welfare.

This paper has turned to established literature on complexity in
public policy and public administration to help to build such theoretical
foundations. This stream has recognized that policy making is con-
cerned with complex systems consisting of diverse human agents prone
to uncontrollable behavior (Rhodes & Dowling, 2018, p. 997) but has
not sufficiently incorporated the role of digitally-enabled transparency.
To bring depth to the discourse in both streams, we make one of the
first attempts to map Kauffman's (1997) seminal NKC fitness landscape
model of co-evolutionary complexity to the phenomenon of transpar-
ency in public policy making. This model has been proven to be a
generalizable theory to reason about complexity in various empirical
settings. Our key assumptions and properties of a citizen fitness land-
scape model, summarized in Table 3, bring order to the confusion of
loose conceptualizations of complexity in hopes that other scholars can
replicate our modeling and further advance it. Our framework (Fig. 3)
and our key findings on six generative mechanisms (Table 4) build upon
these foundations and offer a first version of a theory that explains the
effect of digitally-enabled transparency in policy making. It not only
offers a granular tri-partite conceptualization of transparency that other
scholars may study further. It also articulates, grounded in empirical
analysis, the generative mechanisms of: (1) orchestration and (2) social
learning that explain the implications for policy outcomes. It is a
foundation for other scholars to study these generative mechanisms in
further detail, and to compare and contrast the effect of each them.
Indeed, future research should bring greater precision to the differential
effects of each transparency independently and jointly. This theory is
informed by a very recent phenomenon. Future research building upon
our findings may update our work. As the empirical phenomenon
evolves, new empirical insights should be integrated.

Even though the phenomenon we are studying is young, it has im-
mediate implications for policy practice. On the one hand, policy ma-
kers may use our framework to assess the current transparency practice
and identify their depth of insights into each of the three sources of

complexity in their citizens' decision architecture. On the other hand,
they may also evaluate their current ability to utilize such transparency
in a generative way, by either focusing their efforts on “tuning” their
citizens' choice architecture or by designing social nudges. We hope
that future work and practice will align and integrate our framework
with the broader policy practice, including the use of appropriate ICT
tools, maturity models, and performance metrics so that it can facilitate
policy practice more easily.
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