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Abstract

Dynamic perspectives from systems theory and cybernetics are used in this pa-
per to introduce the self-adaptable legal regulation or individual decision-making
based on Bayes networks. The latter, by using similar elements as systems theory or
cybernetics can help decision-makers not only to quantify the evidential strengths
of hypotheses but also to take the most probable decision. Nowadays legal science
and the public administration with it that prepares the majority of draft legal rules,
do not sufficiently address legal forms from which rules’ content derives. The in-
creasing speed of change and the consequent shortness of operative rules should
force decision-makers to consider the new forms of legal norms and decisions that
would still respect the objectivity and impartiality of decision-making.
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Without changing our patterns of thought, we will not be able
to solve the problems we created with our current patterns of
thought.

—Albert Einstein

1. Introduction

The function of the law might be to produce expectations (Luhmann 2004), but
due to the more and more complex environment, they are frequently unfulfilled.
Nowadays courts increasingly demand decisions that go beyond the procedural rule
of law towards a comprehensive duty of rational and consistent legislation (Mefer-
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schmidt and Oliver-Lalana 2016). Rationality as the universal promise of moderni-
ty also applies to the law (Grzeszick 2016), and thus the notions of legal consistency
and coherence could be seen as the manifestations of “systemic” rationality (Mef3er-
schmidt and Oliver-Lalana 2016), but there can be a problem here: consistency and
coherence usually predispose the static environment, while a relation between a
mean and a goal is not only static, linear and adversary, but also dynamic, layered,
interdependent and thus complex, where a single line is replaced by numerous in-
teractions, where the latter are interdependent and non-linear, where time lags are
present between means and goals and where multiple iterations change the means,
processes and goals to form a new entity that cannot be the same as it was at the
start. A key premise here is that dynamic elements are not satisfactorily implement-
ed in legal regulation as the purposeful system of formal goals. Every purpose-ori-
ented system must by default be flexible, but the formation and implementation of
rules is still mostly carried out through the classic legal tools of public administra-
tion, inspections, administrative and court procedures. These tools adapt too slowly
to rapidly changing conditions in the environment. This paper aims to address the
dynamic environment vis-d-vis rules’ content and propose a solution that can be
adaptable and known as well; for this, adaptable norms are proposed that change
proportionately with situations. When the regulatory system is adaptive (when its
environment is used according to legal goals), the ability to maintain expectations
is built into the system as its element (one way to do this is an enactment of dif-
ferent rules or scenarios accommodated to different conditions/thresholds for the
same situation). This paper’s RQ hence goes one step beyond: the meaning is based
on systems/predispositions from which it is produced.* Based on this, the research
question is:

RQ: How can legal control be established in a dynamic environment?

To answer the RQ the literature on cybernetic and systems theory will be used; an
answer can give useful directions for the administration of legal situations and sys-
temic responses, through which control in a regulated environment can be estab-
lished. Regarding the research method, qualitative research (theory description and
extrapolation of elements) will be used from the field of complexity theory to pres-
ent its element of emergence in order to point at the inevitably open, non-consid-
ered spaces (in our case of regulation) which make the static legal rules/decisions
ineffective per se. This is further demonstrated with the present legal approaches in
the dynamic environment in the third section, while the fourth section (compila-
tion), based on the presented/extracted cybernetic and systemic elements, gives a
foundation to present a platform that can address emergency and dynamism more
effectively due to their basic ability to adapt. This is done in the fifth section, which
combines the existing theory of complexity and systems to theorise the relationship

2 The examples of this claim are the geocentric vs. heliocentric models of the solar system, known
as Kant’s “Copernican Revolution” (1999).
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among the dynamism, adaptability and legal structure, and based on them presents
the mentioned platform (known as Bayes network, which includes the mentioned
elements in its structure) on which a potential legal problem is solved, after which
the conclusion follows.

2. The absence of emergence in legal regulation

The problem of complexity (in regulation) strikes the public administration (PA)
hardest because the vast majority of legislative proposals (above 90%) are initiated
by the government in, e.g., Great Britain, Croatia, Finland, Hungary, Macedonia,
Romania and Slovenia (Kasemets 2001). Dysfunctionality, legitimacy, efficiency etc.
depends on the criteria and perspectives among which complexity theory — despite
numerous works that emphasised the benefits of complex adaptive systems to the
law-and-society system’s behaviour (Ruhl 1996), organisations (Anderson 1999),
public services (Haynes 2015), public administration (Kiel 2014; Koliba et al. 2010;
Snellen and Klijn 2009), public-administration research (Klijn 2008), public de-
cision-making (Gerrits 2012), political science and public policy (Cairney 2012;
Mor¢ol 2012), public institutions and public policies (Room 2011; 2016) and gov-
ernance systems (Teisman et al. 2009) - is still mainly present in theory, but absent
in the practice of PA. The latter should be more at ease with complexity, law and
flexibility (Rosenbloom et al. 2014); there is still a modest understanding of inter-
actions in administrative decisions (Graaf et al. 2007; Herweijer 2007) and a lack of
understanding how decisions evolve in the dynamic environment.

Ends never reflect only beginnings but also new contents unknown at the
beginning (the same holds for legal rules); all forms of complex adaptive systems
as the “systems that involve many components that adapt or learn as they inter-
act” (Holland 2006, 1) have a characteristic known as emergence: “[a]n emergent
property is a global behaviour or structure which appears through interactions of
a collection of elements, with no global controller responsible for the behaviour or
organisation of these elements” (Feltz et al. 2006, 241). All is not only more than the
sum of its parts, but the end — due to numerous combinations — cannot be known
in advance. It emerges through interactions, by combinations that exponentially in-
crease with additional parts or relations: 2 elements produce 4 combinations (as in
any other combination of n” or 2%), 4 produce 16 combinations, etc. This is known as
the butterfly effect, where tiny causes can have big effects (Lorenz 1963). If the idea
of emergence is notoriously understood, it is still not built into the legal system. In
complex matters final solutions are different from initial ones, while new problems
emerge spontaneously during multiple relations in the time of problem-solving.

The concept of emergence can be helpful to describe the end of a deci-
sion-making process: a final decision is usually the result of numerous, intertwin-
ing combinations that interact between arguments and parts that were not included
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in the initial idea. The beginning and the end are only indirectly linked through
the problem’s exposure and the final solution; the latter reflects various arguments
of several stakeholders who have adapted to the surroundings of other arguments
and who have, in their “mutual conflicts”, changed their content. Each solution is
the result of several combinations, each solution has more than the beginning, and
each solution represents the exponential result of the best result, which we do not
know until it occurs. All the rest are, from the future’s point of view, just (good/bad)
predictions. A decision-maker should decide carefully on a particular path and
constantly correct errors in terms of changes in the environment and according
to predefined thresholds that require different reactions. The exponential function
leads to the emergence of numerous (incomprehensive or chaotic) combinations
that settle around the highest peaks (the same is true for popular ideas).’ Figure 1
below visually presents this:

Figure 1
Decisions’ complexity and (self) organisation

Option 1

Q2
Expo
Combinations
Environment Weltanschauung
(World view)
Version 1 Version 2

First Idea

Source: own construction.

3 Although criminal codes have a large number of criminal offences, most of them in practice focus
on violent crime, homicide, robbery, property crime and drug offences.
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The “adaptive evolution” of a decision in a given context can be viewed as a
“fitness landscape” or a hill-climbing process (in the law it is present as the prevail-
ing legal rule with factual deviations among possible alternatives). The latter has
emerged from Wright's shifting balance theory, which has presented the occurrence
of genetic flow in small populations under environmental factors to understand
evolution as a process of cumulative change that depends on a balance of conditions
(Wright 1931). Based on this, Kauffman developed the theory of fitness landscape as
“any well-defined property and its distribution across an ensemble” (S.A. Kauffman
1993, 37) to demonstrate the spontaneous emergence of order, i.e. the occurrence
of self-organisation (in PA this is known as “that’s the way we do things around
here”, or more formally as path-dependency as “a sequence of events narrowing the
scope of action eventually resulting in a state of persistence or inertia”’; Schreyogg
and Sydow 2009, 4). Kauffman demonstrated that the spontaneous (natural) order
exhibits itself as a consequence of autocatalytic reactions or the collective dynam-
ics network.* The principle of self-organisation or equilibrium between competing
combinations from evolutionary biology can also be used in social systems:

In collective decision making, fitness can be defined as ‘the prob-
ability of an actor achieving its problem and solution definitions,
that is, the actor’s desired goal(s) as defined in its PSD [problem
and solution definition]. An actor’s ability to get closer to its goal
depends on its position relative to other actors, not just on its
own intentions or deliberate planning but also on what others
connected to that actor do’ (Gerrits and Marks 2017, 75).

Adaptation normally progresses through small changes involving a local
search in the space of possibilities (Jacob 1977); progress occurs by adaptive pro-
cesses that gradually accumulate advantages vis-a-vis their competitors in the se-
lected, context-dependent environment. A similar logic applies to legal decisions.
If rules/regulators do not appropriately address changing contexts, situations will
spontaneously — due to the very richness of interactions (Waldrop 1993) - regulate
themselves towards their equilibrium (S. Kauffman 1996; Prigogine and Stengers
1984). In the field of decision-making also the fittest parts go towards equilibri-
um; through the latter they self-made “order for free”: a decision-maker should not
only be prepared (to stop the new order of things) at the time of a proposal but
throughout the whole time in which the proposal obtains content in cooperation
and later implementation with different stakeholders. Emergence and adaptation
(self-regulation) are the inevitable facts of life, so it is worthwhile to see how they

4 In 1965, he programmed the N = 100 gene network (now known as the Kauffman/Boolean
network), with each gene receiving K = 2 randomly chosen inputs from among 100. Such a
network has 21% states. “It turned out from numerical evidence that the median number of states
on a state cycle was the square root of N... Self-organisation that confines patterns of model gene
activities to tiny regions of the network’s state space arises spontaneously in these networks.
There is order for free” (S. A. Kauffman 2010, 110).
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are present in the existing legal rules. The next section addresses this idea with the
help of EU regulation (the latter was chosen due to its wide applicability in all EU
member states).

3. The best criteria so far in the EU regulation that addresses
adaptability

The complex adaptive systems® (an ecosystem, the market or the law in its best ver-
sion) can reveal various forms of adaptation and self-organisation, of which the mar-
ket is the clearest example. In the field of competition, the EU has enacted extensive
regulation (from the Single European Act of 1986 onwards), while to our knowl-
edge the Directive 2006/123/EC of the European Parliament and of the Council of
12 December 2006 on services in the internal market (O] L 376, 27 December 2006,
36-68) is a rare example that is, on the legislative level, focused on (adaptability,
i.e.) the removal of barriers to further implement the freedom of establishment and
the right to provide services (Articles 49-56 TFEU). A service activity should be
subjected to authorisation by the competent authorities only if that decision satis-
fies the criteria of non-discrimination, necessity and proportionality (“the objective
pursued cannot be attained using a less restrictive measure, in particular, because
a posterior inspection would take place too late to be genuinely effective”; Article
9). Article 10(2) gives conditions for the granting of authorisation that preclude the
arbitrariness of competent authorities: “[t]he criteria shall be: (a) non-discrimina-
tory; (b) justified by an overriding reason relating to the public interest; (c) propor-
tionate to that public interest objective; (d) clear and unambiguous; (e) objective; (f)
made public in advance; (g) transparent and accessible.” Despite the clearly written
criteria, they are still of qualitative nature, which gives significant room for a deci-
sion maker’s margin of assessment (developed by the ECtHR in Greece v. the Unit-
ed Kingdom, no. 176/56 of 14 December 1959) to decide in case-by-case matters.
A step forward already occurred in case records and arguments vis-a-vis the pub-
lic-interest goals, but in the rapidly changing environment, the criteria and cases to
be decided should not only be managed in a more automated way but also a more
objective one, irrespective of the existing composition of decision-makers or judges
at the end of a decision line.

Although the OECD (2018) acknowledges (as the element of feedback from
systems theory) the importance of ex-post evaluation of regulations, along with
the importance of ex-ante evaluation of administrative burdens, these approaches
are still on a qualitative level, where quality is “in the eyes of the beholder”, not
“in the eyes of the beheld” A demand to reduce regulatory burdens can be a part

5 Complex adaptive systems consist of “many interacting components, which undergo constant
change, both autonomously and in interaction with their environment. The behaviour of such
complex systems is typically unpredictable, yet exhibits various forms of adaptation and self-or-
ganization” (Heylighen 1999, 1).
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of evidence-based management (Rousseau 2013), or it can fit into the “best evi-
dence rule” (Fisher 2012) that helps to determine whether burdens are necessary,
but we should not disregard ex-post looks for results vis-d-vis ex-ante rules with-
out knowing/considering the causes, combinations and exponential relations that
caused results. The features not included of the above-mentioned EU criteria are
the connectivity, interaction, communication, feedback, combination, self-organi-
sation and the exponential function between individual elements that are formally
focused on the implementation, coordination, control, data collection, information
and decision-making. Just as an organisation must address models of actual-rela-
tional-exponential operations to change them or to be effective, also rules “self-cre-
ate” models of their surroundings to do the same. Having this in mind, changes to
the above-mentioned criteria should be more efficiently sought as a reflection of
the surroundings, without the need to decide in a case-by-case manner. This can be
done, as was said, with general rules. Through them, countries require businesses
and private individuals to conduct or avoid certain actions or require a provision of
information on conduct.® The first should also be attentive to all accommodations
and adaptations during the implementation phase. On a quest to address the ques-
tion of how to form a more adaptable rule (its form), we will present a flexible, au-
tomatic method by which general rules can also reflect more quantitative elements.
This will be done with the help of elements from cybernetics and systems theory.

4. Cybernetic and systemic elements

In addition to drafting the general legal rules, PAs could not only regularly mon-
itor regulations’ effects and take appropriate actions but also prepare them based
on systemic (Luhmann 2013) and cybernetic theory (W. Ross Ashby 1960; Beer
1966; Wiener 1961; the theory of control mechanisms based on the concepts of
information and feedback as part of a general system theory) that allows rules’
self-adaptations according to formal goals vis-a-vis their embeddedness in the
wider system dimensions. Even though cybernetics was recognised as the con-
trol and communication in the animal and the machine (Wiener 1961) almost
60 years ago, and despite its direct connection with the law and communication’
it is still not present in legal regulation and control. The fact of its non-usability
per se, parallel with the classic legal tools, confirms the regulators’ predominant,
classical use of intuitive feelings during the preparation of draft rules, despite the

6 When these obligations are proportionate to an intended goal and are composed of the usual
costs of business and justified legal burdens (those address market failures), they are known as
administrative costs (the harmful, reverse effects of administrative costs are known as admin-
istrative burdens). On the other hand, even administrative costs can cause unintended conse-
quences when goals could be achieved more easily/innovatively.

7 Law is the ethical control applied to communication... Thus the problems of law are communi-
cative and cybernetic — that is they are problems of orderly and repeatable control of certain
critical situations (Wiener 1989, 104, 110).
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known human cognitive fallacies (Gambrill 2012; Kahneman 2013; Tversky and
Kahneman 1974), from which emanate unintended or harmful consequences
(Merton 1936; Parrillo 2005; Sieber 1981). Systems theory and cybernetics thus
use the notion of regulation similarly to the way it is used in the field of legal reg-
ulation®; the paper therefore further proceeds to extract elements from systems
theory in order to apply them or to gain new perspectives in the field of regula-
tion. There is always more than one way to look at a problem; sometimes it helps
that problems from one field are evaluated by another one.

The problem of emergence can be addressed by systems theory. Systems are
not only a collection of things or people that relate to each other but “[i]n fact, most
systems of interest in decision making may often consist of abstract things and their
relationships” (Daellenbach 1996, 28)28. A system per se cannot be divided into in-
dependent parts without the loss of its essential functions and by its default should
be attentive to the whole vis-a-vis its parts. In the system, the rules of interaction
collectively have a given purpose or are purposeful, i.e. “strive towards some state
of balance” (Daellenbach 1996, 5)5 — that is the same as equilibrium in complexity
— and/or “can select both means and ends in two or more environments” (Ackoft
1999, 21). Decision-makers must not blind their eyes to the fact that such concepts
are not present either in the field of law. With the cybernetic/systemic approach,
the regulatory and administrative decision-making can be more rational when the
legal rule’s structure (parameters, attributes and criteria) is primarily addressed as
the essential condition for successful regulation; the rule’s optimal semantic/lin-
guistic precision is, as the derivation of the first, of secondary importance. This can
be done when the below-given cybernetic directions/elements are applied. As this
also holds true for the legal system, the latter should not disregard the below-given
elements (if decision-makers aim at the successful legislation/regulation), extracted
from the cybernetic and systems theory.

A system has components. The system is the organised whole, consisting of the
interconnected and interdependent parts, components and subsystems. The gen-
eral scheme of an open system is made from the following parts: 1. input, matter,
energy and information; 2. a transformation process as the process by which input
quantities change into the output of the system; 3. output is the result of the trans-
formation process; 4. the environment - an open system is surrounded by an envi-
ronment from which it receives input resources and to which it gives back outputs;
5. feedback - to maintain a current situation, a constant feedback flow from the out-
put to the input is needed; the feedback is the necessary communication channel for

”

8 Administrators often address future oughts by using the notions of the “system”, “whole” or
“complete” without the inclusion of system elements or anticipation that the system self-moves
according to its positive and negative feedback loops (Meadows 2008). The system’s parts in-
terconnect in numerous ways, relations and exponential combinations, and they are present
even where a regulator’s due care is present. “If [regulation is] left alone, it will regulate itself”
(Vickers 1995, 43); this is not only a warning but up to a point an inevitable fact — the (legal)
system is always more open (to other elements) than legal norms at the time of their enactment.
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the control mechanism; 6. the control mechanism compares the values of the actual
output with goal values and gives an initiative for necessary changes to maintain
the system in a stable and/or more preferable state; 7. a boundary of the system is
determined by frames that separate it from the environment.

Limit the flow of diverse data. According to Ashby, a complex (assembled)
problem can be administrated only with the same or a similar measure of complexi-
ty, known as requisite variety (William Ross Ashby 1957). A decision that addresses
numerous people can be manageable only with the cooperation of all people. This is
usually not possible in the reality of complex life, so Ashby’s idea of requisite variety
needs “regulation that blocks the flow of variety ... an essential feature of the good
regulator is that it blocks the flow of variety from disturbances to essential variables”
(William Ross Ashby 1957, 199, 201). A homeostatic loop of a regulator’s amplifiers
(from a regulator to a system) and filters (from the system to the regulator) is insert-
ed to deal with an interesting part of the environment. If this is not done, the system
self-regulates towards its equilibrium. Reality is too complex to be fully addressed;
combinations exponentially increase when new parts are added, new interconnec-
tions and new patterns emerge, so representativeness (a sample size) must be es-
tablished. To prevent disruptions, a good regulator limits the flow of diverse data to
only some, essential, manageable criteria that address the observed surroundings.

Reality can be represented in a (black box) model. For analysis and design, a
physical system or the real environment should be replaced by a simpler represen-
tation, by a model to gain a better insight into the environment. In the study of a
physical or regulatory system, one may use several or many different models (Page
2018), depending not only on the problem being studied but on the perspectives by
which something is recognised as a problem, i.e. the theoretical considerations, ex-
periments, costs and calibration/precision requirements. The model ignores many
attributes of the physical system and retains only qualities considered crucial to the
problem under study. Robustness and/or stability is an important concern not only
in system design but in the design of all dynamic systems (Callier and Desoer 2012;
Willems 1970). A regulatory system is a nonlinear, complex and dynamic system
with input-output stability, among which is placed a “black box” which — with the
unknown things and combinations — transforms one or more inputs into one or
more outputs. Deviations can be estimated by calculating the effect on system per-
formance due to changes in design parameters and exogenous disturbances.

Feedback loops. Things self-regulate if a regulator does not regulate them
(Vickers 1995). Even when the regulator does this, all things do not converge into
a wanted state; the regulator’s goal is to estimate a region to which things/mo-
tions/actions largely converge and to find proper nudges to push them towards a
wanted position. This is done with the help of a feedback loop as the nonlinear or
non-stationary system element. “Control of a machine on the basis of its actual per-
formance rather than its expected performance is known as feedback, and ... when
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the information which proceeds backward from the performance is able to change
the general method and pattern of performance, we have a process called learn-
ing” (Wiener 1989, 24, 61). The feedback loop should respond and accommodate
values automatically; its internal autonomy is not jeopardised because the system
reproduces itself through its operations (the combinations and values of internal
parameters change if this change is based on pre-written codes or scripts — i.e. rules
- as alternative scenarios in the face of changed values). In this way, “the expecta-
tion of disappointment, which is the core reason for communicating expectations
in a normative style” (Luhmann 2004, 241) could also be smaller. The feedback
is the most important element of the system since it allows the latter to adapt to
a wanted position by making concrete decisions; dynamic balance exists with the
continuous input data and the acceptability of outputs (results) for the environment
(humans). Maintaining the state and adjusting activities through feedback and de-
cision-making according to the final goals of the system represent a sine qua non of
each adaptation in nonlinear systems (the cyclicality of events is present due to the
growth and expansion, regression and recession). Controlling the tendency toward
disorganisation and/or the process by which living beings resist the general stream
of decay is known as homeostasis. If a homeostatic system is made, there is no need
to have strong legal enforcement to realign input-output relations. There would be
less need to maintain a feedback loop “manually” through public administration or
court adjudications or general legislation when a situation demands so. This com-
mitment should be engraved in the system.

Quid pro quo resemblance. The decision-maker should consider that: a) only
diversity can address diversity; a complex (assembled) problem can be adminis-
trated only with the same or a similar measure of complexity (Ashby’s requisite
variety) (William Ross Ashby 1957); b) the regulator must be a model of a regulated
area/thing (Conant-Ashby theorem) (Beer 1994); ¢) any decision is as good as its
regulator. The administration of development requires the continuous monitoring,
control and evaluation of effects because the main purpose of the first is to ensure
the effectiveness and efficiency of implemented measures in a managed field. For
good governance, planning, monitoring and impact assessment, timely responses
to deviations are needed, which means that the fundamental elements of the system
are present in decision-making.

A probable future. As in the case of an environment’s complexity, the reality is
replaced by a simpler representation; in the legal field, the reality is represented by a
legal model. The usual way in science is to find a model’s properties, capabilities and
limitations, while in the second case, a proposed legal rule — after its enactment — is
usually directly applied without testing, even though rules regulate pro futuro cases
where in the time of enactment there are no causal relations known; they are hard
to establish even for past or present states (Carnap 1966; Cziko 2000). Statistical
models can be used for the past (adjudication, the testing of hypotheses, explana-
tion), which indicates the strength of the relationship (in-sample strength-of-fit)
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or for the future (prediction), in which the accuracy of out-of-measurable-sample
predictive power can be estimated. For the first methods, regression analysis (the
coefficient of determination or R?) and structural equation models (Chi-Squared,
Akaike information criterion) can be used, while for the second, predictive analyt-
ic tools can be utilised (all statistical models, machine-learning and data-mining
algorithms that can produce predictions, like the k-nearest neighbour algorithm,
random forest, decision tree learning (CART), Monte Carlo method or Bayesian
networks; Nielsen and Jensen 2007; Pearl 2009; Shmueli et al. 2017). A further step
from sampling towards better future decisions is the so-called field of business an-
alytics or data mining. The study of these questions is the task of systems theory
that uses mathematical and other tools that give predictive power to a model, so the
merits of various model alternatives may be ranked before investing resources to
build the most successful or highly predictive alternative. And the same also applies
for the legal field, for which a system’s elements should be given and interconnected
in the first place (the communications, model, system, feedback, adaptation, black
box, stability, responsiveness, autopoiesis, input-output relations, predictions, ho-
meostasis) to represent the legal system as responsive, without adjusting it manu-
ally, i.e. by implementing rules one by one, usually after a violation has occurred.

Law and probability. At first sight, the principle of legal certainty contravenes
probability. Among lawyers, Kelsen made a clear distinction between the principle
of causality (“If a is, then b is or will be”) (sein) and the principle of imputation
(“If a is, then b ought to be”) (sollen), the first being part of natural (descriptive)
science while the second of normative science (the normative connection between
two facts) that addresses conditioned human behaviour dependent on “a legal au-
thority (that is, by a legal norm created by an act of will)” (Kelsen 2005, 77). On
the other hand, a simple mathematical rule shows two parts (2") always have four
combinations, so there must be something more than sole authority. The normative
element of ought also includes uncertainty — and with that also the applicability
of probabilistic methods to tasks that require reasoning under uncertainty (Pearl
2014) — because legal actions are conditioned on the actions of other facts (be they
persons or things).’ In Philosophical Foundations of Physics, Carnap has, even for
the natural sciences, demonstrated causality “is not a thing that causes an event, but
a process...[in which] certain processes or events cause other processes or events”
(Carnap 1966, 192). A state where each consequence is also a cause that together
with other causes contributes to the later multilevel and intertwined consequences
is more and more complex and not all relevant facts can be known, so causal rela-
tion means solely potential predictability. Legal accountability is possible only in

9 Additionally, Bayes’ theorem (it explains the probability of an event based on prior knowledge of
conditions that might be connected to the event) shows that there is more than just authority:
the probability (P) of truth (T) given authority (A) = P(A|T) P(T)/P(A). Because T + A = 1,
there is never only authority without truth (even in the most autocratic countries that need it for
the efficient administration of the country).
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cases where sufficient regularity in causal relations can be established to be able on
this basis to predict consequences with high probability. A model’s value increases
proportionately with a higher level of prediction, and this stands for the legal prin-
ciple of certainty.

Interactions. A solution to a problem should not be treated independently from
other aspects of the problem, or a system’s performance cannot be evaluated from
the standpoint of its part: it is the product of the interactions of all parts. Among the
additional elements are the administration of uncertain information and quantita-
tive methods that address the former. They both address intuition’s shortcomings;
their content is separated from the cybernetic elements because they can be studied
distinctly (in the view of the adaptive and more reliable regulatory model, they are
additional elements that must be built into the model).

Quantitative methods. In past decades, there was significant interest in the as-
sessment of probability, risk analysis and related similar methods that address un-
certainty. Decision-makers should prefer quantitative methods because “[t]he ma-
jor advantage [vis-d-vis qualitative language] ... is that quantitative concepts permit
us to formulate quantitative laws. Such laws are enormously more powerful, both as
ways to explain phenomena and as means for predicting new phenomena” (Carnap
1966, 106). A legal system to predict optimal general rules and/or decisions should,
therefore, have its origin in the quantitatively assessed probability that deals with
uncertainties (a classical way is to use intuition based on experiences) in a more
objective manner. By this way, it could be inferred with a higher probability whether
a proposed legal rule is effective.

5. Bayes networks

The needed adaptability of legal rules in the complex and dynamic environment
should exhibit the basic elements of systems theory, which were presented in the
previous section. Although regulation has elements of adaptability', it is still far
from the needed level. Given the absence of an appropriate method in the law other
fields have been checked whether they incorporate cybernetic and systemic ele-
ments in their domain, as presented in the previous section. A field that can ex-
hibit the needed adaptation and the mentioned elements was found in the field
of probability, in Bayes (belief) networks (BN). Pearl (2009; 2014) found that the
problem of storing and processing uncertain information (and general legal rules
that address the uncertain future clearly fit into this frame) could be solved by using

10 The usual ways by which the law is accommodated to a current situation are done by the canons
of interpretation (Sutherland 1891; Scalia and Garner 2012), legal principles (Dworkin 1978;
Braithwaite 2002; Black 2008)“plainCitation”:”(Dworkin 1978; Braithwaite 2002; Black 2008,
legal experiments (Pontier 2001; Engel 2013) or sunset clauses (Breyer et al. 2006). There is
usually no quality-control means established that uses diagram rules or statistics (as inductive
reasoning) and probability in sampling techniques to determine a level of risk.
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conditional independence presented in directed acyclic graphs (no feedback loops
from a variable back to itself — do not equate them with a system’s overall feedback
that connects the system’s results with an initial problem) that represent only the
most significant variables in the system and causal links between nodes. By en-
coding probabilities and the conditional independence relations among them, the
d-separation algorithm is used to better understand and model complicated prob-
lems, i.e. to upgrade numerical to graphical representations to be able to compute
relevant conditional independence relations in graphs (seen in conditional proba-
bility tables). Pear]l named the whole method Bayes network; it represents a way of
modelling the causal structure of systems that determines predictions that could be
tested without conducting experiments (in multivariate systems that contain more
than two variables for which a simpler Bayes rule could apply). The d-separation
criterion determines which variables are independent in a Bayes net and permits us
to display induced and non-transitive dependencies. It assumes that each node is
conditionally independent of its non-descendants given its parents (a node is con-
ditionally dependent only on its parents).!! BN and a method to calculate all proba-
bilities given their parents are presented in the below-given Figure 2:

Figure 2
Bayes network

oNgo™
c P(CIA,B)
@ G P(DIC) P(EIC)

P(A,B,C,D,E)= P(A)*P(B)*P(CIA,B)*P(DIC)*P(EIC)

Source: own construction.

11 BN in general represents joint distribution as P (yy, ..., y») = [1j=; P (yi|Parents(Y;)), where Par-
ents(y,) denotes immediate predecessors of Y, in the graph, so joint distribution is fully defined
by graph plus P(y, | Parents(Yi)).
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The system’s components are represented in BN with a set of nodes and caus-
al links, the limitation of diverse data is made by conditional probability tables'?,
the feedback loop can be seen by constant adjustments of conditional probabili-
ties that can be at the same time viewed as the black-box model, and a probable
future is addressed with probabilities per se (decision-making under uncertainty).
In addressing uncertainties with a large number of factors, the Bayes approach can
thus be used, which establishes a network of connections between causes/factors
and effects/decisions. With the calculation of probability for the individual caus-
es, effects and their combinations, the established model enables the evaluation of
common preferences in the decision-making of involved stakeholders. Probabilities
can be constantly changed due to changes in the environment.” The most wide-
spread formalism for the establishment of probable cause-and-effect models are
BN and their upgrade for the support of decision-making, decision diagrams or
influence diagrams (Howard and Abbas 2015; Nielsen and Jensen 2007). BN are
used to conceptualise and simulate a system that contains uncertain consequences
through the incomplete understanding or insufficient knowledge of a system in a
graphical model with a probabilistic structure (Pearl 2014). BN are “also applicable
as a tool to assist decision-making in natural resources management, where issues
are complicated and data are insufficient and uncertain” (Keshtkar et al. 2013, 49).
BN enable the treatment of uncertainty and stochastic decisions; on the other hand,
they enable the integration of a large number of heterogeneous factors, which is a
clear advantage over the naive approaches of the direct use of the Bayes theorem
(Carrier 2012). BN enable a simple graphic presentation of a complex network of
connections between factors and decisions, thus bringing complex decision-mak-
ing processes closer to stakeholders. Because of these advantages, the influence di-

12 To construct an adequate representation of probabilistic knowledge for all inferred judgments,
we must define a joint distribution function P (x,, ..., x) on all propositions and their combina-
tions. While useful for maintaining consistency and proving mathematical theorems, this view
of probability theory is inadequate for representing human reasoning; the elementary building
blocks of human knowledge are not entries in a joint-distribution table. Rather, they are low-or-
der marginal and conditional probabilities defined over small clusters of propositions. Anoth-
er problem with purely numerical representations of probabilistic information is their lack of
psychological meaningfulness. The numerical representation can produce coherent probability
measures for all propositional sentences, but this often leads to computations that a human rea-
soner would not use (Pearl 2014, 78). Numbers confirm this: a conditional probability table for
Boolean x; with k Boolean parents has 2* rows for combinations of parent values. If each variable
has no more than k parents, the complete network requires at most (n * 2¥) numbers. This is a
lot less because it grows linearly (not exponentially) with n (the number of nodes), vs. (2") for
the full joint distribution. For 5 n the first with 2 parents has 10 variables and the second 2°- 1
= 31. To fully describe the network, only 10 values are needed instead of 31.

13 The addition of new probabilities based on past experience is similar to the concept of stigmer-
gy, which describes “a mechanism of coordination used by insects. The principle is that work
performed by an agent leaves a trace in the environment that stimulates the performance of
subsequent work — by the same or other agents. This mediation via the environment ensures that
tasks are executed in the right order, without any need for planning, control, or direct interaction
between the agents” (Heylighen 2016, 4).
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agrams can be used for modelling decision-making processes in various fields, and
the legal one is no exception.

Example of Bayes Network. For the sake of simplicity and a gradual transition
to the proposed arrangement, suppose we saw an increase in the number of re-
quests for the relocation of a post (P=yes) and that mobbing as the cause is excluded
(M=no). We are, for example, interested in the probability that the reason for relo-
cation is a new office location (L); then we are interested in P(L|M=no, P=yes). If we
want to find out what is the most likely cause for this, we must calculate P(B|M=no,
P=yes) and compare both probability distributions of possible causes with the ob-
served state. In this case, we will refresh the belief for two variables, L and B. We
are interested in how the conditional probability of the new location will change at
a given condition change P(L|M=no, B, R, P=yes). Graphically, our interest is illus-
trated (with added probabilities) in Figure 3.

We need to calculate the following two terms:

P(L=yes|M=no, B, R, P=yes) = Pl=yesM=noB.RP=yes) \nd
P(M=no,B,R,P=yes)

P(L=no,M=no,B,R,P=yes)
P(M=no,B,R,P=yes)

P(L=no|M=no, B, R, P=yes) =

It is enough to calculate the counters in fractions and then to norm the obtained
probabilities. The calculation for the first of them is shown, since the course is the
same for both:

P(L=yes, M=no, B, R, P=yes) =

=Y. P(L=yes) P(B) P(M=no|B) P(R|L=yes, B) P(P=yes|R)=

=P(L=yes) P (B=yes) P(M=no|B=yes) P(R=yes|L=yes, B=yes) P(P=yes|R=yes) +
+ P(L=yes) P(B=yes) P(M=no|B=yes) P(R=no|L=yes, B=yes) P(P=yes|R=no) +
+ P(L =yes) P(B=no) P (M=no|B=no) P(R=yes|L=yes, B=no) P(P=yes|R=yes) +
+ P(L=yes) P(B=no) P(M=no|B=no) P(R=no|L=yes, B=no) P(P=yes|R=no)=
=0.0003564 + 0.0000012 + 0.032076 + 0.042768 =

=0.0752016.

Similarly, another counter is calculated, and it is 0.25776. After standardis-
ing the meters, the conditioned probabilities are calculated: P(L|M=no, P=yes)
= (0.23, 0.77) and that is P(B|[M=no, P=yes) = (0.005, 0.995). Given the new
perceived facts, it is more probable the cause for the created situation is a new lo-
cation, not a new boss. The probability for the first variable P has increased, while
for the second M has decreased. The likelihood of the variables remained the
same in the network, while conditional probabilities changed with the changed
results. If a problem is presented as BN, probabilities can be calculated for any
kind of problem. A result can be later transferred into a relevant legal norm or
can be a cause of its change. Initial evidence could be, for example, as in Figure 4
below, a high number of road casualties. Testable variables are in the grey pattern,
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“broken, so fix it” variables are dark grey, while hidden variables (white) ensure
sparse structure and reduce parameters. Given a country’s road-casualties statis-
tics, the probabilities of nodes can be calculated' and based on that the appropri-
ate (regulative) measures can be applied:

Figure 4
BN for the problem of road casualties

Excessive

Type of roads speed

Dal'tl_gel'ous A lack of
sections on attention
roads

Maintenance Relevant Too young/old Bad I'_ngalth No seat belt
Works drivers conditions used

Number of Number of
registered driving
vehicles licenses

Number of Number of A seizure of
violations casualties vehicle

Source: own construction.

6. Discussion

General legal rules are still used in a very static manner, while combinations among
rules and facts still de facto emerge and further produce new combinations. A clas-
sic response to the question of rules’ efficiency could state that decision-makers
should test whether unintended/harmful consequences emanate from a lack of evi-
dence-based management, from the bad public policies that ex ante do not balance
different interests or ex post disregard the (changing) contexts of previously justified
responses, etc. Although this is (intuitively) a good idea, it says nothing about the
form of such methods. Legal rules could copy/follow the behaviour of adaptable
systems, as humans are also such systems. The stability or adaptability of a system
(i.e.in our case, legal control) is a property of the system as a whole, and includes co-

14 The MSBNx Bayesian Network Editor and Tool Kit can be used to calculate probability values
within the BN (Microsoft Research 2019).
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ordination" between parts. A legal system should be no loose conflux of events but
a tight and knowable network of communications, consisting of much information
that presents reality as a network (Beer 1986; Luhmann 2013). The latter could, due
to its ever-present positive/negative feedback, allow the system’s self-maintenance
and self-adjustment to (pre-determined) formal goals. This kind of self-adaptation
can be understood as systemic, as the regulatory cycle that self-learns. In this paper
this goal is seen in adaptable norms that change proportionately with situations.

With a known joint distribution in BN, with the known BN’s structure and
its formulas, a final event’s probability can be calculated, given the known/changed
probabilities of each part in the network. The interactive version of BN is very useful
to understand how the system’s adaptability changes and to know further actions
can be coordinated; in this manner, the Asia network is demonstrated on the web-
site Bayes server (Bayes server 2018), where everyone can see how BN works in
practice. BN is the example of complex adaptive systems that could be used in the
legal science for the objective of prediction/verification of future/past events; re-
sults can then be used at legal drafting. BN can be used as a (computerised, applica-
tive) tool to verify a formal decision and/or a citizens” decision, i.e. to (re) evaluate
the latter in the light of BN’s results (the latter are more relevant proportionately
with the larger number of inputs). Legal control in complex adaptive systems (an
ecosystem, the market or the law in its best version)'® can be established when a
pattern created by interconnections (between the systems, i.e. rule’s, parts) can be
changed, and not when rules’ content is fully known in advance (even the case law
demonstrates a rule’s content cannot be fully known in advance because it always
accommodates and applies to context). Given the structurally based BN regardless
of its content the RQ from the introduction of this paper is “conditionally positively
answered”: control can be established when the system’s pattern, i.e. its results, can be
revealed and changed when intentionally changed input values change the behaviour
of the whole system. This can be done by changing the input probabilities as input
variables in BNs that accordingly give a different final result.

7. Conclusion

In the future, complexity will increase due to its inevitable element of the expo-
nential function. The law is no exception, and although we could not predict what
will happen, regulators and practitioners could more objectively predict what could

15 Science of PA is inevitably connected with coordination: “the development, if not the survival, of
civilization depends on organization, coordination and the responsible and purposeful handling
of human affairs; that is, on the science and practice of administration” (Thompson 2003, vi).

16 Complex adaptive systems consist of “many interacting components, which undergo constant
change, both autonomously and in interaction with their environment. The behaviour of such
complex systems is typically unpredictable, yet exhibits various forms of adaptation and self-or-
ganization” (Heylighen 1999, 1).
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happen and prepare actions according to the result, provided that they are more at-
tentive to the presented cybernetic and systemic elements. Although in the present
time it cannot be known why something will happen, it is possible to know better
how something happens, how changes can be spotted, and how the legal system and
conditions in which it operates can be changed. BN is one approach that can be used
in this manner. As the present forms of regulation BN can be good in proportion
with the quality of data put into it, while the former better includes the elements
of complex adaptive systems. In the rapidly changing environment, only structure
can be known and its results accepted or rejected by the legislature with the change
of a norm’s content (e.g. when the norm’s variations are known at its enactment as
various legal scenarios, legal certainty is not endangered). A deeper insight into the
process of forming rules in the complex environment that this paper presents em-
phasises the idea that it is not about rules but how they are framed and how they in-
teract. In the future practitioners should be more focused on the adaptability of legal
norms that could more effectively address the complex and dynamic environment
(while legal certainty should not be endangered). The promulgation of a law in an
official journal — as a necessary formal condition for legal validity — will probably be
replaced in the future by online insight into the rule’s content and/or its automatic
transmission into our mobile devices. It is not about a rule’s content but its preposi-
tions and relations; it is about the distribution of belief in causal relations/links. In
the future, legislators will probably discuss methods/algorithms from which rules’
content derives. The principles of objectivity and impartiality could be placed at a
higher level if paradoxically nobody knew — in a manner of Rawls’s veil of ignorance
— in advance the rules’ final contents, as long as their form will be known. And this
is something that the present forms of legal drafting cannot provide.

References

Ackoft, Russell Lincoln. 1999. Re-Creating the Corporation: A Design of Organiza-
tions for the 21** Century. New York: Oxford University Press.

Anderson, Philip. 1999. “Perspective: Complexity Theory and Organization Sci-
ence.” Organization Science, June. https://doi.org/10.1287/orsc.10.3.216.

Ashby, William Ross. 1957. An Introduction to Cybernetics. London: Chapman and
Hall.

Ashby, W. Ross. 1960. Design for a Brain: The Origin of Adaptive Behavior. London:
Chapman and Hall.

Bayes Server. 2018. “Introduction to Bayesian Networks.” 2018. Available at https://
www.bayesserver.com/docs/introduction/bayesian-networks (last accessed
9.4.2020).

151



THE NISPACEE JOURNAL OF PUBLIC ADMINISTRATION AND PoLicy, Vor. XIII, No. 1, SUMMER 2020

Beer, Stafford. 1966. Decision and Control: The Meaning of Operational Research and
Management Cybernetics. Chichester: John Wiley & Sons.

Beer, Stafford. 1994. Beyond Dispute: The Invention of Team Syntegrity. Chichester,
New York: Wiley.

Black, Julia. 2008. “Forms and Paradoxes of Principles Based Regulation” SSRN
Scholarly Paper 1267722. Rochester, NY: Social Science Research Network.
https://papers.ssrn.com/abstract=1267722.

Braithwaite, John. 2002. “Rules and Principles: A Theory of Legal Certainty.” Aus-
tralian Journal of Legal Philosophy 27, 47.
Breyer, Stephen G., Richard B. Stewart, Cass R. Sunstein and Adrian Vermeule.

2006. Administrative Law and Regulatory Policy: Problems, Text, and Cases.
6™ edn. New York, NY: Aspen Publishers.

Cairney, Paul. 2012. “Complexity Theory in Political Science and Public Policy”
Political Studies Review 10(3), 346-358. https://doi.org/10.1111/j.1478-
9302.2012.00270.x.

Callier, Frank M. and Charles A. Desoer. 2012. Linear System Theory. Verlag: Spring-
er Science & Business Media.

Carnap, Rudolf. 1966. Philosophical Foundation of Physics: An Introduction to the
Philosophy of Science. Edited by Martin Gardner. New York: Basic Books.

Carrier, Richard. 2012. Proving History: Bayes’s Theorem and the Quest for the His-
torical Jesus. Amherst, N. Y: Prometheus Books.

Cziko, Gary. 2000. The Things We Do: Using the Lessons of Bernard and Darwin
to Understand the What, How, and Why of Our Behavior. Cambridge: MIT
Press.

Daellenbach, Hans G. 1996. Systems and Decision Making: A Management Science
Approach. New York: Wiley.

Dworkin, Ronald. 1978. Taking Rights Seriously. 5 printing edn. Cambridge: Har-
vard University Press.

Engel, Christoph. 2013. “Legal Experiments — Mission Impossible?” SSRN Scholarly
Paper 2276566. Rochester, NY: Social Science Research Network. https://pa-
pers.ssrn.com/abstract=2276566.

Feltz, Bernard, Marc Crommelinck, and Philippe Goujon. 2006. Self-Organization
and Emergence in Life Sciences. Dordrecht: Springer Science & Business Me-
dia.

Fisher, George. 2012. Evidence. 3™ edn. New York: Foundation Press.

Gambrill, Eileen. 2012. Critical Thinking in Clinical Practice: Improving the Quality
of Judgments and Decisions. New Jersey: John Wiley & Sons.

152



REGULATORY CYBERNETICS: ADAPTABILITY AND PROBABILITY IN THE PUBLIC ADMINISTRATION'S. ..

Gerrits, Lasse. 2012. Punching Clouds: An Introduction to the Complexity of Public
Decision-Making. Litchfield, AZ: ISCE PUB.

Gerrits, Lasse and Peter Marks. 2017. Understanding Collective Decision Making:
A Fitness Landscape Model Approach. Cheltenham, UK, Northampton, MA,
USA: Edward Elgar Publishing.

Graaf, Kars Jan, J. H. Jans, A. T. Marseille and J. Ridder (eds). 2007. Quality of Deci-
sion-Making in Public Law: Studies in Administrative Decision-Making in the
Netherlands. Groningen: Europa Law Publishing.

Grzeszick, Berndt. 2016. “Rationality Requirements on Parliamentary Legislation
Under a Democratic Rule of Law?” In Klaus Mef3erschmidt and A. Daniel Ol-
iver-Lalana (eds). Rational Lawmaking under Review: Legisprudence Accord-
ing to the German Federal Constitutional Court. Heidelberg: Springer, 61-88.

Haynes, Philip. 2015. Managing Complexity in the Public Services. London: Rout-
ledge.

Herweijer, M. 2007. “Inquiries into the Quality of Administrative Decisionmaking.”
In Kars Jan Graaf, ]. H. Jans, A. T. Marseille and J. Ridder (eds). Quality of
Decision-Making in Public Law: Studies in Administrative Decision-Making in
the Netherlands, edited by. Groningen: Europa Law Publishing, 13-30.

Heylighen, Francis. 1999. “The Science of Self-Organization and Adaptivity” In
Knowledge Management, Organizational Intelligence and Learning, and Com-
plexity. Paris: EOLSS, Publishers Co.

Heylighen, Francis. 2016. “Stigmergy as a Universal Coordination Mechanism I:
Definition and Components.” Cognitive Systems Research, Special Issue of
Cognitive Systems Research — Human-Human Stigmergy, 38, 4-13. https://
doi.org/10.1016/j.cogsys.2015.12.002.

Holland, John H. 2006. “Studying Complex Adaptive Systems.” Journal of Systems
Science and Complexity 19(1), 1-8. https://doi.org/10.1007/s11424-006-
0001-z.

Howard, Ronald A. and Ali E. Abbas. 2015. Foundations of Decision Analysis. Bos-
ton: Pearson.

Jacob, E 1977. “Evolution and Tinkering” Science (New York, N. Y.) 196(4295),
1161-1166.

Kahneman, Daniel. 2013. Thinking, Fast and Slow. Reprint edn. New York: Farrar,
Straus and Giroux.

Kant, Immanuel. 1999. Critique of Pure Reason. Edited by Paul Guyer and Allen W.
Wood. Cambridge; New York: Cambridge University Press.

153



THE NISPACEE JOURNAL OF PUBLIC ADMINISTRATION AND PoLicy, Vor. XIII, No. 1, SUMMER 2020

Kasemets, Aare. 2001. “Impact Assessment of Legislation for Parliament and Civil
Society: A Comparative Study.” Proceedings of ECPRD Seminar. Available at
https://www.riigikogu.ee/rva/ecprd/04_part_2.pdf (last accessed 9.4.2020).

Kauffman, Stuart A. 1993. The Origins of Order. New York: Oxford University Press.

Kauffman, Stuart. 1996. At Home in the Universe: The Search for the Laws of Self-Or-
ganization and Complexity. Reprint edn. New York: Oxford University Press.

Kauffman, Stuart A. 2010. Reinventing the Sacred: A New View of Science, Reason,
and Religion. Basic Books.

Kelsen, Hans. 2005. Pure Theory of Law. Clark, N. J.: The Lawbook Exchange, Ltd.

Keshtkar, A. R., A. Salajegheh, A. Sadoddin, and M. G. Allan. 2013. “Application
of Bayesian Networks for Sustainability Assessment in Catchment Modeling
and Management (Case Study: The Hablehrood River Catchment).” Ecologi-
cal Modelling 268(C), 48-54.

Kiel, L. Douglas. 2014. “Complexity Theory and Its Evolution in Public Adminis-
tration and Policy Studies.” Complexity, Governance & Networks 1(1), 71-78.
https://doi.org/10.7564/14-CGN9.

Klijn, Erik-Hans. 2008. “Complexity Theory and Public Administration:
What's New?” Public Management Review 10(3), 299-317. https://doi.
org/10.1080/14719030802002675.

Koliba, Christopher J., Jack W. Meek, Asim Zia and Russell W. Mills. 2010. Gover-

nance Networks in Public Administration and Public Policy. Boca Raton, Fla:
Routledge.

Lorenz, Edward N. 1963. “Deterministic Nonperiodic Flow” Jour-
nal of the Atmospheric Sciences 20(2), 130-141. https://doi.
org/10.1175/1520-0469(1963)020<0130:DNF>2.0.CO;2.

Luhmann, Niklas. 2004. Law as a Social System. Edited by Fatima Kastner, Richard
Nobles, David Schift and Rosamund Ziegert. Translated by Klaus A. Ziegert.
Oxford: Oxford University Press.

Luhmann, Niklas. 2013. Introduction to Systems Theory. Translated by Peter Gilgen.
Cambridge, UK, Malden, MA: Polity Press.

Meadows, Donella H. 2008. Thinking in Systems: A Primer. London: Chelsea Green
Publishing.

Merton, Robert K. 1936. “The Unanticipated Consequences of Purposive Social Ac-
tion” American Sociological Review 1(6), 894-904.

Meflerschmidt, Klaus and A. Daniel Oliver-Lalana (eds). 2016. Rational Lawmaking
under Review: Legisprudence According to the German Federal Constitutional
Court. Heidelberg: Springer.

154



REGULATORY CYBERNETICS: ADAPTABILITY AND PROBABILITY IN THE PUBLIC ADMINISTRATION'S. ..

Microsoft Research. 2019. “MSBNx.” Microsoft Download Center. 2019. Available
at https://www.microsoft.com/en-us/download/details.aspx?id=52299 (last
accessed 9.9.2019).

Morgol, Goktug. 2012. A Complexity Theory for Public Policy. New York: Routledge.

Nielsen, Thomas Dyhre and Finn Jensen. 2007. Bayesian Networks and Decision
Graphs. 2" edn. New York, NY: Springer.

OECD. 2018. “Regulatory Policy in Slovenia: Oversight Matters, OECD Reviews of
Regulatory Reform?” Paris: OECD Publishing. Available at http://www.oecd.
org/slovenia/regulatory-policy-in-slovenia-9789264291690-en.htm (last ac-
cessed 12.8.2019).

Page, Scott E. 2018. The Model Thinker: What You Need to Know to Make Data Work
for You. New York: Basic Books.

Parrillo, Vincent N. 2005. Contemporary Social Problems. 6 edn. Boston and New
York: Pearson/Allyn and Bacon.

Pearl, Judea. 2009. Causality: Models, Reasoning and Inference. 2" edn. Cambridge:
Cambridge University Press.

Pearl, Judea. 2014. Probabilistic Reasoning in Intelligent Systems: Networks of Plausi-
ble Inference. San Francisco, CA: Morgan Kaufmann.

Pontier, Jean-Marie. 2001. “Lexpérimentation et Les Collectivités Locales” Revue
Administrative 320.

Prigogine, Ilya and Isabelle Stengers. 1984. Order Out of Chaos. New York, N. Y.:
Bantam Books.

Room, Graham. 2011. Complexity, Institutions and Public Policy: Agile Deci-
sion-Making in a Turbulent World. Cheltenham, UK, Northampton, Mass:
Edward Elgar Pub.

Room, Graham. 2016. Agile Actors on Complex Terrains: Transformative Realism
and Public Policy. London: Routledge.

Rosenbloom, David, Robert Kravchuk and Richard Clerkin. 2014. Public Adminis-
tration: Understanding Management, Politics, and Law in the Public Sector. 8"
edn. New York, NY: McGraw-Hill Education.

Rousseau, Denise M. (ed.). 2013. The Oxford Handbook of Evidence-Based Manage-
ment. Oxford: Oxford University Press.

Ruhl, J. B. 1996. “Complexity Theory as a Paradigm for the Dynamical Law-and-So-
ciety System: A Wake-Up Call for Legal Reductionism and the Modern Ad-
ministrative State” Duke Law Journal 45(5), 851-928.

Scalia, Antonin and Bryan A. Garner. 2012. Reading Law: The Interpretation of Legal
Texts. 1* edn. St. Paul, MN: West.

155



THE NISPACEE JOURNAL OF PUBLIC ADMINISTRATION AND PoLicy, Vor. XIII, No. 1, SUMMER 2020

Schreyogg, G. and J. Sydow. 2009. The Hidden Dynamics of Path Dependence: Insti-
tutions and Organizations. New York: Palgrave MacMillan.

Shmueli, Galit, Peter C. Bruce, Mia L. Stephens and Nitin R. Patel. 2017. Data Min-
ing for Business Analytics: Concepts, Techniques, and Applications with JMP
Pro. Hoboken, New Jersey: John Wiley & Sons.

Sieber, Sam. 1981. Fatal Remedies: The Ironies of Social Intervention. New York and
London: Plenum Press.

Snellen, I. G. and Erik-Hans Klijn. 2009. “Complexity Theory and Public Admin-
istration: A Critical Appraisal” In Geert Teisman, Arwin van Buuren, and
Lasse M. Gerrits (eds). Managing Complex Governance Systems. London;
New York: Routledge, 17-36.

Sutherland, Jabez Gridley. 1891. Statutes and Statutory Construction. Chicago: Cal-
laghan and Company.

Teisman, Geert, Arwin van Buuren and Lasse M. Gerrits. 2009. Managing Complex
Governance Systems. London, New York: Routledge.

Thompson, Kenneth (ed.). 2003. The Early Sociology of Management and Organiza-
tions: Papers on the Science of Administration. New York and London: Rout-
ledge.

Tversky, Amos and Daniel Kahneman. 1974. “Judgment under Uncertainty: Heu-
ristics and Biases” Science 185(4157), 1124-1131. https://doi.org/10.1126/
science.185.4157.1124.

Vickers, Geoftrey. 1995. The Art of Judgment: A Study of Policy Making. Thousand
Oaks: SAGE Publications, Inc.

Waldrop, Mitchell M. 1993. Complexity: The Emerging Science at the Edge of Order
and Chaos. New York: Simon and Schuster.

Wiener, Norbert. 1961. Cybernetics or Control and Communication in the Animal
and the Machine. Cambridge: MIT Press.

Wiener, Norbert. 1989. The Human Use of Human Beings: Cybernetics and Society.
London: Free Associations Books.

Willems, Jacques Leopold. 1970. Stability Theory of Dynamical Systems. London:
Thomas Nelson and Sond Ltd.

Wright, Sewall. 1931. “Evolution in Mendelian Populations.” Genetics 16(2), 97-159.

156



