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PREFACE

The Routledge Handbook of Bounded Rationality takes its inspiration from the seminal work of 
Herbert Simon, who introduced the concept and developed it in a number of areas: from eco-
nomics to administrative science; from philosophy to cognitive science; from political science 
to Artificial Intelligence. I started collaborating with Herbert Simon after I first met him in 
1988. One product of this collaboration was the birth of the journal, Mind & Society in 2000. 
After his death in February 2001, I was one of a group of economists and cognitive scientists 
influenced by his work who founded the Herbert Simon Society in Turin. Its aim was to pro-
mote and update some of the many topics of Simon’s research, but in particular his realist phil-
osophy of science for an empirically based microeconomics and social science. The Routledge 
Handbook of Bounded Rationality is inspired by this work and develops a critical assessment of 
varied and often contradictory interpretations and applications of bounded rationality.

The project of the book stems from the meetings held at the Max Planck Institute for 
Human Development in Berlin and the annual workshops of the Herbert Simon Society held 
in New York and Turin between 2011 and 2019. I would like to thank Dan Kahneman, Joe 
Stiglitz, Gerd Gigerenzer, Alvin Goldman, Edward Feigenbaum, Ned Block, Dan Sperber, 
Colin Camerer, Peter Todd, Ralph Hertwig, Laura Martignon, Pat Langley, Denis Hilton, 
Barbara Fasolo, Shabnam Mousavi, Hersh Shefrin, Laura Macchi, Massimo Egidi, Giovanni 
Dosi and Luigi Marengo in particular, as well as the many other researchers involved in the 
discussions on bounded rationality that took place in these meetings.

Special thanks to Konstantinos Katsikopoulos for his precious advice and suggestions on 
topics and contributors.

I am indebted to Laura Gilardi and Anna Mereu for their assistance in the initial organiza-
tion of the work.

I thank Sarah Cuminetti for her text editing and review of some chapters.
This Handbook would not have been possible without the support of Routledge, and in par-

ticular Andy Humphries and his collaborators, in particular, Emma Morley, and Susan Dunsmore.
Last but not least, I wish to thank the Collegio Carlo Alberto of Turin and the Herbert 

Simon Society for their contributions to the making of this Handbook.
Riccardo Viale

Turin,
16 April 2020
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1
WHY BOUNDED 
RATIONALITY?

Riccardo Viale

In the philosophy of science why- questions are a way to address the foundations of scientific 
explanation. For Bas van Fraassen (1980), a theory of explanation is essentially a theory of why- 
questions. Why- questions and their answers are individuated only relative to a context.1 The 
pragmatic problem of the context determines the relevance of the answer and ultimately the 
choice made therein.

Daniel Dennett (2017) breaks down the sense of why- questions into two options: “How 
come?” and “What for?”. The former refers to the factual description, to the illustration of the 
physical or chemical process that explains a phenomenon. For example, wondering “Why did 
we witness a total eclipse of the moon on … July?” would refer to the earth’s positioning in 
the orbit of the sun and the moon and the shadow projected by the earth on the moon. The 
latter refers instead to the reasons that explain a phenomenon. For example, asking “Why did 
Britons vote for Brexit?” refers to “for which reason”, that is to the actual motivations –  such 
as fear of immigration, hostility towards Brussels Eurocrats, communication errors made by 
the Remainers, etc. –  that led the majority of Britons to vote in favour of this unexpected 
choice.

In some instances, a question can be answered using either of the alternatives, depending 
on the context of reference. Dennett asks himself the question concerning evolution by natural 
selection. One part of the answer may be described using the “How come?” option, that is 
through a description of the physico- chemical processes that led to the emergence of the first 
eukaryotic being. At this point, the question becomes “What for?”, that is what are the reasons 
that led to the selection of some species over others? The question “Why bounded rationality?” 
can be addressed in the same way. In this case, the order of the alternatives is reversed, compared 
to evolutionary selection. The first question is not about why the term was introduced, that 
is to say, what is the reason that in 1950 led Herbert Simon to bestow this name on a series of 
empirical phenomena he had observed while studying administrative organization? The first 
question is, “For what reason?” is human rationality non- maximizing and non- optimizing, but 
rather bounded, heuristic, and satisficing. The answer provided in this volume indicates that 
it was the capacity to better adapt to the uncertainty and complexity of the environment that 
led to the evolutionary selection of this type of rationality over Olympic or unbounded ration-
ality. The second question is then, “How come?”, that is to say through which neurocognitive 
and corporal processes did bounded rationality emerge? This Handbook will try to answer 
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this question by identifying the cognitive aspects that characterize the style of human decision 
making and analysing the neural and motor, sensorial and visceral embodiment correlates that 
explain the heuristic characters of bounded of rationality.

Part I Naturalizing bounded rationality

Rationality or reason holds an important role in philosophical tradition. In brief, we can dis-
tinguish two main philosophical schools of thought on rationality (Viale, 2012): the first affirms 
the superiority of reason compared to intellect; the second asserts the opposite. In the former, 
the classical philosophical tradition, reason is the strength that liberates us from prejudices, from 
myth, from established but false opinions, and from appearances, and which allows a universal 
or common criterion to be established for all areas of human conduct. In the tradition that 
spans from Heraclitus, Parmenides, Plato and Aristotle to St Augustine, Descartes, Spinoza, 
Leibniz and the Enlightenment, reason is man’s fundamental and universal guide; it is what 
differentiates us from animals and allows us to tell truth from falsehood, because, as Seneca 
states, “Reason is nothing other than a part of the divine spirit descended (or sunk) into a 
human body.” It is universal because it is present in all persons, who, as Descartes affirms, think 
differently only because they apply reason differently.

In opposition to this Olympic and universal vision of reason, we find the second pos-
ition. According to this minority tradition, expressed by Neoplatonism, St Thomas, medieval 
scholastics, Francis Bacon and, to a large extent, Kant, reason is subject to the primacy of 
intellect. Intellect should be regarded as superior because it is equipped with that intuitive and 
immediate character that allows it to gain a direct understanding of empirical reality, unlike 
reason which is limited by its discursive and a priori nature. While affirming the discursive 
nature of both, Kant also maintained that only that of the intellect was valid since its concepts 
are immediately derived from experience.

Although severely criticized by Kant, the primacy of reason and its discursive nature 
remains the dominant position in philosophy. This discursive and linguistic character, as 
summarized in Aristotle’s syllogistic or in the Cartesian ideal of the chains of reasoning in 
geometry, leads to the formal development of the theory of rationality in the past century. 
The resulting logic of rationality will always maintain, as in Aristotle, the dual descriptive 
valence of its own procedures of reason, and normative valence in the sense of the rule for 
its correct use.

The philosophical tradition of rationality can be considered a subsector of the larger epis-
temology one. In particular, the development of the Naturalizing Epistemology programme 
introduced by Quine in the 1960s shaped the normative framework for the contemporary con-
cept of bounded rationality. Let us see why (see Viale, 2013):

Among the most fundamental questions which epistemology has sought to answer are the 
following:

 1. How ought we to arrive at our beliefs?
 2. How do we arrive at our beliefs?
 3. Are the processes by which we do arrive at our beliefs the ones by which we ought to arrive 

at our beliefs?

Traditionally, the answers to these questions were as follows: both epistemology and psych-
ology should carry out their research independently and separately, and then, once they have 
answered questions 1 and 2 respectively, they will attempt to answer question 3.
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For example, suppose that psychological studies were to demonstrate that people arrive at 
their beliefs by some kind of non- conscious mechanism that measures the coherence of new 
beliefs with the body of beliefs already held, and which accepts only those that cohere and 
rejects those that do not, this would have no bearing on the merits on the epistemological 
coherence theory of justification which states that one can only adopt beliefs cohering with 
beliefs one already has. The normative questions that epistemologists ask are completely inde-
pendent of the descriptive questions psychologists ask.

However, there is another way to answer the three questions. This is the approach used by 
the project for naturalizing epistemology:  question 1 cannot be answered independently of 
question 2. The question of how we actually arrive at our beliefs is therefore relevant to the 
question of how we ought to arrive at our beliefs.

This position is well summed up by the following passage from Quine:

Epistemology becomes as a chapter of psychology and hence of natural science. It 
studies a natural phenomenon, viz. a physical human subject. This human subject is 
accorded a certain experimentally controlled input –  certain patterns of irradiation 
in assorted frequencies, for instance –  and with a little of time the subject delivers 
as output a description of the three- dimensional external world and its history. The 
relation between the meagre input and the torrential output is a relation that we are 
prompted to study for somewhat the same reasons that always prompted epistem-
ology; namely, in order to see how evidence relates to theory, and in what ways one’s 
theory of nature transcends any available evidence for it.

Quine, 1985, p. 24

What prompted this reversal of approach? Largely it was the failure of the foundationalist pro-
ject which tried to show that there is a class of beliefs –  typically beliefs about our own sensory 
experience –  about which it is impossible to be wrong. Moreover, these beliefs were held to 
be sufficient to justify the rest of our beliefs. Carnap’s project was aimed at the translation, the 
rational reconstruction of every assertion about the world in terms of sensory data, logic and 
set theory.

If the project had succeeded from a “conceptual” point of view, namely, the “technical” pos-
sibility of achieving this translation, it would in any case have failed to overcome the “doctrinal” 
barrier, namely, the problem of preserving the content of truth within the translation. Merely 
by translating an assertion in terms of sensory data, logic and set theory does not mean that it 
can be verified by this translation. The most modest of observational generalizations will always 
cover more cases than those observed by the observer. Therefore, any attempt to found beliefs 
on immediate experience is hopeless, from a logical point of view, even if this is the simplest 
empirical generalization.

Also from a conceptual point of view, this translation programme produced few results. It 
attempted to reduce every scientific assertion to a neutral language of observational data, logic 
and set theory. First, an attempt was made using “direct definitions”, then with “contextual 
definitions”, by which sentences containing the term were translated into equivalent sentences 
lacking the term. Lastly, with the “reduction modules” of Carnap’s liberalized programme, 
hope was given up of translating a sentence into an equivalent and it ended up by explaining 
a new term by specifying some sentences which are implied by the sentences containing the 
term, and other sentences which imply sentences containing the term.

As Quine states, this minimal objective renounces the last remaining advantage of a pro-
gramme of rational reconstruction, namely, the advantage of reduction by translation.
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If all we hope for is a reconstruction that links science to experience in explicit ways, 
short of translation, then it would seem more sensible to settle for psychology. Better to dis-
cover how science is in fact developed and learned than to fabricate a fictitious history of how 
our ancestors introduced those terms through a succession of Carnap’s “reduction modules” 
(Quine, 1985, p. 21).

Does this mean that the empirical foundation of knowledge, the empirical meaning of 
sentences about the world, is no longer founded on solid bases? Quite the contrary. Our 
knowledge of the external world is based and founded precisely on the empirical meaning 
of language, as is actually attained in the process of each individual’s learning of language. 
The common meaning that we attribute to words and to sentences about the external world, 
namely, the basis for our possibility of communicating and understanding, and also the empir-
ical meaning of science, rest in the last instance on the common empirical basis of the common 
meaning we attribute to our assertions about the world, and this empirical basis can only be 
described and explained by empirical psychology.

A further shift towards a naturalization of epistemology occurs at the moment when the 
meaning of the three questions is further examined by focusing attention on the cognitive 
mechanisms of rationality, the various internal processes of the cognitive elaboration of beliefs, 
on the processes whereby from one belief we reach a different belief, namely, on the processes 
of deductive and inductive reasoning and inference. This is the decision- making moment of 
what action to take; the assessment of assumptions and hypotheses; the following of arguments 
and reasoning; deciding what weight and importance to give to the evidential data; the solution 
of problems.2

In the programme of naturalizing epistemology, therefore, an important chapter is occupied 
by a study of the natural mechanisms of reasoning, judgement, and decision making which 
must be immune from any kind of logicist preconception and apriorism.

To sum up, a broad concept of rationality has always been linked to normativity. The realm 
of a priori demonstrative proof, that is, the things that people were absolutely certain about, 
remained the goal of epistemology and science until the beginning of the twentieth century. 
Scientific rationality fell into a definitive crisis with the failure of the neopositivist programme 
and the emergence of relativism and socio- historical reductionism or, in other words, the 
dominance of the context of discovery over the context of justification. Likewise, in the twen-
tieth century, the inclusive area of epistemological rationality had its radical change with the 
Naturalizing Epistemology programme of Willard O. Quine. There are no ways of analytically 
founding the truth. The only possibility is to discover the natural processes that humans follow 
in generating knowledge.

The realm of certainty and demonstrative proof had already experienced a strong downsizing 
during the seventeenth century with the acknowledgement of the irreducible uncertainty of 
human life and the emergence of the theory of probability. The impact of this revolution was 
at once directed to morality and human choice theory. Blaise Pascal and Pierre Fermat defined 
the border of reasonableness as the choice of the alternative that maximizes expected value. The 
various paradoxes from St. Petersburg to Allais and Ellsberg led to change in the theory of rea-
sonableness, attempting to resolve the discrepancy between description and normativity. This 
was made by tinkering with the utility or probability function while at the same time retaining 
the ideal of maximization or optimization. In any case, the concept of reasonableness, after a 
decline of interest during the end of the nineteenth and the beginning of the twentieth century, 
re- emerged in the 1950s and 1960s in the form of the concept of “rationality” in economics, 
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psychology and other social sciences. This rationality was assimilated to the calculation of prob-
abilities, utilities and optimal decisions. The ideal of optimization entered not only the behav-
ioural sciences but also animal biology (e.g. optimal foraging theory) and artificial intelligence 
(e.g. optimal artificial agents) (Gigerenzer and Selten, 2001).

As for the epistemology and also for the philosophy of science, the crisis of the a priori 
concept of rationality of choice took a major step forward in the mid- twentieth century with 
the introduction by Herbert Simon of Bounded Rationality theory. In Simon, the naturalistic 
approaches find a common interpreter: both directly in the theory of rational choice, and also 
in the philosophy of science where Simon, in opposition to Karl Popper, is the major sup-
porter of the logic of discovery as the psychology of discovery; and indirectly, in epistemology 
where he contributed to the naturalistic theory of knowledge through his works on inductive 
reasoning and problem solving.

Thomas Sturm (in Chapter 3 in this volume) recognizes that naturalism has drawn a variety 
of connections between rationality and empirical sciences, mainly cognitive sciences. It started 
out as a reaction to “armchair” methods such as conceptual analysis, thought experiments or 
appeal to intuition. In rationality the target was to substitute the a priori standard substantive 
view of rationality with a procedural view that relies on the empirical behavioral models of 
reasoning and decision making. Sturm (Chapter 3 in this volume) writes: “One of Simon’s 
most influential ideas was to replace the goal of maximizing expected utility by “ ‘satisficing’ ” 
(p.  78). Understood this way, bounded rationality questions the sharp divide between the 
descriptive and the normative –  quite different from Kahneman’s understanding of the con-
cept. However, no Is- Ought fallacy, no psychologism needs to be implied thereby. Instead, 
there is an underlying and legitimate principle of normativity: Ought implies Can (also already 
recognized by Kant). “The intractability of many reasoning tasks restricts the applicability of 
certain formal and optimizing norms, and makes it reasonable to look for different, more 
feasible norms” (Sturm, p. 78). Sturm emphasizes this third position between descriptive and 
normative, making reference to Alvin Goldman’s theory of reliabilism. Goldman’s approach to 
epistemic rationality is instrumentalist. Given certain epistemic goals, people ought to use reli-
able procedures to attain them. Sturm writes:

Goldman’s approach is an excellent example for this. Among other things, he shows 
that formal rules of the standard picture of rationality often do not map straight-
forwardly onto reasoning tasks. For instance, the logical law of noncontradiction, 
¬(¬p∧p), states that a proposition and its negation cannot both be true. From 
contradictions, anything whatsoever can be derived. We should, it seems, therefore 
avoid inconsistencies. What do you do when you discover inconsistencies in your 
belief set? Are you obliged to give up the whole set? Certainly not; we should separate 
the wheat from the chaff. However, that can prove to be difficult, especially in the 
complex belief systems of science, when several beliefs are all tenuous but part of a 
systematic theory. Similar examples can be construed for other logical rules, such as 
deductive closure, or for rules of probability. There is, therefore, no simple derivation 
of norms of epistemic rationality from formal rules of the standard picture; more 
support for the gap mentioned earlier on.

To bridge that gap, Goldman maintains that a distinctively philosophical or 
“analytic” epistemology has to determine the criteria or goals of our epistemic 
endeavors. He defends reliabilism: our belief- forming mechanisms need not always 
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guarantee truth, but to safeguard a good ratio of true and false beliefs. From psych-
ology, we can learn what mental processes or mechanisms are reliable and which 
ones are not.

Sturm, p. 82

As pointed out by Rubinstein (Chapter 27 in this volume) and Gigerenzer (Chapter 2 in this 
volume), there are several views of bounded rationality. This is not only because bounded 
rationality is present in various fields such as economics, psychology and management. Even 
within a single field such as economics, there are clear differences. There are at least three 
different positions: (1) optimization under constraints; (2) failures to follow the prescriptions of 
the optimization model; and (3) adaptive behaviour to the environment.

Katsikopoulos (Chapter 4 in this volume) distinguishes between two cultures, which he calls 
“idealistic” and “pragmatic”:

At a first approximation, the idealistic culture pursues a minimum departure from the 
neoclassical- economics framework of unbounded rationality which assumes the ideals 
of omniscience and optimization of a utility function and adds factors such as inequity 
aversion or probability weighting to the utility function. On the other hand, the prag-
matic culture holds that people sometimes ignore information and use simple rules of 
thumb in order to achieve satisfactory outcomes.

Katsikopoulos, p. 90

Is the epistemic dimension of the two cultures an important philosophical feature? Katsikopoulos 
follows the tripartition proposed by Alan Musgrave in characterizing the views of the relations 
between facts and theory. Musgrave discusses three views of when an empirical fact lends 
support to a model. In the logical view, it matters only if the fact is consistent with the model’s 
implications. In the historical view, it also matters if the model’s implications were derived 
before or after the fact was observed. In the third view, a variant of the historical view, it is 
additionally relevant what the implications of the best competing model are. More support is 
provided for the model if its best competitor does not imply the observed fact. Thus, the logical 
view accepts as an epistemic aim the explanation of known facts. On the other hand, the historical 
view rejects this and aims at the prediction of new facts. For Katsikopoulos:

It may be argued that the idealistic culture espouses the logical view whereas the prag-
matic culture is aligned with the historical view, and in particular Musgrave’s variant. 
For example, the development of prospect theory and other risky choice models 
which follow the utility- times- probability mathematical form, has been following the 
empirical violations of the axioms of expected utility theory … On the other hand, 
pragmatic models such as the priority heuristic, have not been developed in order to 
account for these violations … but rather in order to predict new facts.

p. 95

Concerning bounded rationality, pragmatic cultures underline the importance of the environ-
ment. The importance of the environment in defining bounded rationality is expressed radic-
ally by the following quotation from Simon: “an ant [or human being], viewed as a behaving 
system, is quite simple. The apparent complexity of its behavior over time is largely a reflection 
of the complexity of the environment in which it finds itself ” (1981: 63– 65). This example 
is even more radical than the scissors metaphor:  “Human rational behaviour… is shaped by a 
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scissors whose blades are the structure of task environments and the computational capabilities of the actor” 
(Simon, 1979b; emphasis added). The environment becomes the main barycentre of rationality. 
This polarization is reminiscent of Karl Popper’s situational logic. The environment dictates 
its bounds to organisms, be they ants or humans, that have species- independent and universal 
reactions to the structure of the environment. For example, Simon writes that we can “dis-
cover, by a careful examination of some of the fundamental structural characteristics of the 
environment ... the mechanisms used in decision- making” (Simon, 1956, p. 130). Simon’s pos-
ition tends to overlook the importance of the decision maker’s biological constraints. It would 
appear that the embodied structure of decision making does not tell us anything interesting 
about the interaction between the environment and the decision maker. This is very difficult to 
accept because we know how fundamental the biological bounds of neural, sensorimotor and 
visceral systems are in driving the style of decision making. From this point of view, it would 
be like setting out to screw in a Phillips screw without caring if the screwdriver is a flathead 
or a Phillips. The topic will be analysed in depth in the following sections, and in particular 
in the sections on ecological rationality and embodied bounded rationality (BR). Teppo Felin 
and Mia Felin (Chapter 5 in this volume) focus on the BR of perception and support the 
importance of focusing on the biological features of the perceiver. They show how cues and 
stimuli coming from the environment are not species- independent but are instead specific to 
the organisms. They write:

The fields of ethology and comparative biology offer the best evidence for the fact 
that environments are species- specific rather than general … Each organism has its 
own, unique “Umwelt” (surrounding world), where awareness and perception are a 
function of the nature of the organism itself …

Felin and Felin, p. 110

A frog does not see an insect if it does not see it moving. They add:

This highlights that what “stimulates”— or which cues become salient and natur-
ally assessed …— has less to do with the stimulus itself (or the objective or general 
‘amount’ of some cue: Gigerenzer and Gaissmaier, 2011). Rather, awareness of par-
ticular stimuli has more to do with the nature of the organism … Only those stimuli 
or cues that are species- specific “light up,” or are processed and attended to, while 
many other things are ignored.

Felin and Felin, p. 110

From this point of view, BR has to do with environments that are species- specific. Felin and 
Felin cite the fathers of ethology, Nikko Timbergen and Konrad Lorentz, and particularly 
Jacob von Uexkull, when they affirm that “every animal is surrounded with different things, 
the dog is surrounded by dog things and the dragonfly is surrounded by dragonfly things”, 
that is, “each environment forms a self- enclosed unit, which is governed in all its parts by its 
meaning for the subject”. Moreover there are pragmatic goals beyond the biological bounds 
which drive the selection of perception. Our perception is focused on what counts for us con-
tingently. We are blind to things that are not part of our pragmatic attention. Therefore, BR 
should rely on a perception that selects cues and information from the environment according 
to species- specific reasons and pragmatic interests. To understand the Umwelt of frogs and 
men, we should focus on the embodied adaptation to the environment:  a frog developed 
species- perception in relation to the possibility of its body and the specific affordances from 
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the environments (see locusts and flies). Every human being X has his or her own X things 
environment. Pragmatic goals and special and particular embodied cognition (think of percep-
tual variability among individuals) select an individual X environment. This X environment is 
not constant, but it may also change during the life of the individual. Because pragmatic goals 
and embodied cognition change.

Bounded rationality played an important role in modelling scientific discovery. Discovery 
as the psychology of problem- solving was Herbert Simon’s answer to the deductive ration-
ality of the context of justification developed by neopositivism and post- neopositivist authors 
like Karl Popper and, to some extent, Imre Lakatos. Psychological feasibility and proced-
ural rationality are the building blocks of the naturalizing philosophy of science that aims 
to establish a descriptive and prescriptive model of scientific discovery. Miles MacLeod and 
Nancy Nersessian (Chapter 6 in this volume) analyse the bounded rationality concept in a 
particular field of life sciences, computational systems biology. This field aims to produce 
large- scale models of complex biological systems. Since this field relies on computer simu-
lation, it would be safe to assume that the computational power of automated modelling 
practices would overcome the limitations of the human mind. On the contrary, MacLeod 
and Nersessian write:

Given the rhetoric of “big data” and automated modelling practices, one might expect 
that computer simulation is a resource for side- stepping human cognitive capacities 
and constraints. Yet even these practices still require human cognitive engagement 
with their products for the purposes of validation and interpretation. And, as we 
have discovered in our investigations of computational systems biology, much problem 
solving still involves researchers building their own models in situations of scarce or 
inadequate data, using laptop computers. Rather than freeing scientists of their cog-
nitive limitations, using computation to extend control and understanding over ever 
more complex systems requires developing sophisticated problem- solving practices 
which push them towards these constraints.

MacLeod and Nersessian, p. 120

They monitored two laboratories where the aim was to create high- fidelity computational 
models of metabolic, cell signalling, and gene- regulatory networks. These models are dynamic, 
tracking the changes in concentration of each metabolite, or the activity of each gene, in a 
network over time. This goal was never attained. The modellers should have relied on strat-
egies to build midlevel models called “mesoscopic” that are simplified both at the system 
level, with only few relationships represented, and at the network level, with quite abstract 
non- mechanistic representations of biochemical interactions. These strategies serve to sim-
plify running simulations, parameter fitting and mathematical analysis. The modellers tried to 
improve these inaccurate and unreliable models by using a sequence of increasingly complex 
heuristics. This was done through inferences drawn by processing information in the system 
comprising memory and environment through a distributed model- based reasoning. This coupled 
cognitive system reduces the cognitive load by off- loading memory to the environment and 
increases the bounded rational success of the models. MacLeod and Nersessian write: “The 
practice of mesoscopic model- building and incremental modification through building- out 
strategies provides an exemplar of what Simon, in a later analysis of bounded rationality, called 
‘procedural rationality’ ” (p. 126).

An important aspect of Herbert Simon’s naturalistic view of rationality is linked to the 
psychology of problem solving. Every decision is the solution to a problem and therefore the 
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analysis of the procedural rationality of a decision must take into account the ways in which 
the space of the decision making/ problem solving is represented as well as the operators avail-
able, the goal, the related sub- goals, and the various steps leading to the final decision/ solution. 
In Human Problem Solving (2019), Newell and Simon clearly define what is meant by problem 
solving according to the approach of Information Processing Psychology. This dimension of 
problem solving applies to everyday individual or organizational routine decisions as well as 
to the solution of ill- structured problems in scientific and technological research and in any 
creative thinking situation. The tradition that prevailed in the psychology of reasoning and 
decision making was based on the analysis of the conformity of the product of reasoning and 
decision making with the norms of deductive and inductive logic and the theory of utility. It 
was noted that human reasoning and decision making do not conform to those canons and 
this was labelled a pathology of rationality in the form of bias, error and irrational propensities. 
Human beings have been depicted as obtuse reasoners and decision makers predisposed to 
fallacies and therefore are ill- adapted to their environment. The tradition of pathological ration-
ality focused on the formal aspect of thinking and neglected to consider the actual adaptive 
weight of reasoning and decision- making processes. Moreover, it remained silent and defence-
less before the matters of creativity, scientific discovery, invention, and in general before the 
answers given to ill- structured and complex situations. The problem- solving tradition, first 
with Karl Duncker and then with Allen Newell and Herbert Simon, followed a remarkably 
different path, as clearly explained by Laura Macchi and Maria Bagassi (Chapter  7 in this 
volume) with reference to the Gestalt tradition. Simon writes:

The simulation models of the 1950s were offspring of the marriage between that had 
emerged from symbolic logic and cybernetics, on the one side, and Wurzburg and 
Gestalt psychology, on the other … From Wurzburg and Gestalt psychology were 
inherited the ideas that long- term memory is an organization of directed associations, 
and that problem solving is a process of selective goal- oriented search.

Simon, 1979a, pp. 364– 365

Macchi and Bagassi write that, concerning Gestalt psychology in particular, “Duncker was not 
only interested in the moment when the solution was found, but also in the process of thought, 
the phases by which the restructuring is reached” (p. 135) and they add

The solution process involves a selective research in phases, over a delimited area; it requires 
that paths explored previously that turned out to be dead ends be discarded and new 
paths adopted. The new path can even have been evaluated in a previous phase.

p. 135

And, “According to Duncker, the problem solver never blunders along blindly, seeking the 
solution by trial and error; he proceeds by applying heuristic strategies and methods” (p. 137). 
This situation is particularly evident in what is defined as insight problem solving, that is to say 
the solutions that are perceived as an unexpected act of creativity. The problem is familiar to 
Gestaltists like Duncker for whom the sudden comprehension of the Aha! moment of the new 
is linked to a sudden restructuring of the thought material.

When in 1990, Simon, in collaboration with Kaplan, explored in depth the peculiar-
ities of the search and the steps of the solution process for insight problems, he dealt 
with the issue of a change in representation, explaining that the shift to an alternative 
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problem space occurs because a heuristic has been adopted, initiated by boundaries 
of salience.

Macchi and Bagassi, p. 140

Macchi and Bagassi also state:

According to the authors, the subject who finds himself at an impasse must first of all 
make a conscious decision to change his way of looking at the problem, by the “Try 
a Switch” meta- heuristic, given that the initial representation of the problem did not 
provide him with the means of reaching the solution.

p. 140

Macchi and Bagassi write that once this decision has been made, the subject

must be on the lookout for the important cues that will help him select the represen-
tation that will lead to the solution, from the infinite number available. In his search 
for these decisive cues to switch the representation in the representation metaspace, he 
is assisted by adopting a heuristic that fits the problem, also called the Notice Invariants 
Heuristic.

Macchi and Bagassi, p. 140

However, in this type of process it would appear evident that, unlike Simon’s position, the 
dynamics of thought mainly occur at the subconscious level, with no reference to working 
memory or the conscious retrieval of data from long- term memory. Several psychological and 
neurocognitive studies (for example, on the presence of the Default Mode Network) on mind 
wandering and incubation show that some associative processes are unconscious and at the same 
time they are rule- based (Viale, 2016).

A particular perspective from which to analyse bounded rationality is the representation 
of mathematical reasoning tasks and the consequent educational problems. Laura Martignon, 
Kathryn Laskey and Keith Stenning (Chapter 8 in this volume) analyse the legacies in educa-
tion left by Simon, many of which are elucidated in his Sciences of the Artificial (1981). Simon 
writes: “Solving a problem simply means representing it so as to make the solution transparent” 
(1996,. p. 132). Martignon, Laskey and Stenning write:

A solution becomes transparent if it emerges from the structure in terms of which the 
problem has been modelled. The structure of the problem is the result of an effort 
of adaptation between the problem itself and the conceptual constructions of the 
mind. This adaptation is successful if it is ecologically rational. Ecological rationality 
is a fundamental characteristic of successful representations. It refers to behaviors and 
thought processes that are adaptive and goal- oriented in the context of the environ-
ment in which an organism is situated, thus giving survival advantage to the organism. 
Discovering a representation that makes a problem easily solvable gives evolutionary 
advantage in terms of time resources to adopters of the new representation, because 
they are able to solve the problem more quickly and easily than those holding to the 
old representation.

Martignon, Laskey and Stenning, p. 157
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Different representations are not equivalent from a cognitive point of view. Some are more 
adaptive and advantageous than others, because they correspond better to the cognitive features 
and possibilities of the agent. For example, Martignon, Laskey and Stenning write:

An ecologically rational strategy is one our cognitive apparatus can perform natur-
ally and easily, and that has adaptive value in a given environment. In other words, 
ecological rationality involves the discovery of a representation that makes an optimal 
or nearly optimal solution transparent. For reasoning from evidence to hypothesis, 
because the natural frequency representation is ecologically rational, it allows humans 
to perform an otherwise difficult task quickly and easily. Use of the natural fre-
quency representation in educational settings facilitates understanding and improves 
performance.

p. 160

Boundedly rational agents are limited in their computational, processing, and storage abil-
ities. Chapter 9 in this volume by Cristina Bicchieri and Giacomo Sillari focuses on epistemic 
bounds, that is limits to agents’ knowledge:

Not all knowledge a boundedly rational agent possesses is explicitly stored in memory 
…, nor does the agent need full epistemic capacities in order to do her part in inter-
active situations … Indeed, there is a gulf between knowledge that is available to an 
agent and knowledge that is accessed by an agent …

Bicchieri and Sillari, p. 189

In their chapter, they discuss logical models of awareness that precisely draw the distinction 
between unbounded (implicit) and bounded (explicit) knowledge through a formalized notion 
of accessibility. A specific aspect of bounded rationality is the limit to human logical abilities and 
in particular limits to the way real agents reason about knowledge. A useful way to understand 
its limits is differential accessibility

Part II Cognitive misery and mental dualism

According to many authors (Evans, Chapter 10 in this volume; Stanovich, Chapter 11 in this 
volume), our brains are made up of two systems: one automatic and associative (System 1) and 
the other reflective and analytical (System 2). The first is responsible for biases, and the other 
is able to correct them. They maintain that the difference between the two systems lies at the 
heart of bounded rationality. System 1, that prevails in numerous decisions, does not follow 
the normative principles of rationality. It is only System 2 that, when successfully overriding the 
choices of System 1, has the possibility to process normatively rational answers. The problem 
lies in the fact that this occurs fairly rarely. Most individuals are cognitive misers, that is, they 
tend to make the smallest possible effort in terms of attention and processing. Very few are able 
to seriously engage their analytical capabilities. However, in many everyday situations, when 
the time to make decisions is limited or the problems are too complex, even those few become 
cognitive misers. They limit their analytical capability and by so doing, they detach from the 
normative requirements of deductive, probabilistic and economic rationality.

There are numerous differing positions on dual- process or dual- system theories and on their 
relative properties. The question is, which of the 23 different theories identified by Stanovich 
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can be deemed acceptable? An initial selection can be made by considering the neuroscientific 
data that seem to show that there is no single System 1, with a single set of attributes, but rather 
multiple cognitive and neural systems. Therefore, it is preferable to use the terminology of 
dual types of processing. There are at least two sets of theories: the parallel- competitive theories 
(Sloman, 1996; 2002) assume that Type 1 and 2 processing proceed in parallel, each having 
their say with conflicts resolved if necessary. Criterion S refers to situations where individuals 
are led to respond in a manner consistent with Type 1 but then come to realize an alternative 
responding consistent with Type 2.

In contrast, there are the default- interventionist theories (Evans, 2008; Evans and Stanovich, 
2013). They assume that fast Type 1 processing generates intuitive default responses on which 
subsequent reflective Type 2 processing may or may not intervene. The list of the properties 
contains at least 6– 10 features. Usually it is expected that these are co- occurring properties. In 
this case, if all of these features do not always co- occur, then the dual- process view is incorrect. 
In fact, Kruglanski and Gigerenzer (2011) claim that dual- process views fail because “these 
dimensions are unaligned rather than aligned” (p. 98). That is to say, there are no examples in 
which all the features co- occur.

Evans and Stanovich (2013) reply that a minimal part of the paired properties usually 
attributed to the two processes is defining. The majority are correlates that might or might not 
be present.

In summary, our view is that the defining feature of Type 1 processing and of Type 
2 processing is not the conjunction of eight different binary properties (“2 cells out 
of 256!”). Research has advanced since the “suggestive list of characteristics” phase 
of over a decade ago. Our view of the literature is that autonomous processing is the 
defining feature of Type 1 processing. Even more convincing is the converging evi-
dence that the key feature of Type 2 processing is the ability to sustain the decoupling 
of secondary representations. The latter is a foundational cognitive requirement for 
hypothetical thinking.

Stanovich and Toplak, 2012, p. 7

In conclusion, there are only two defining properties: the Type 1 processes are autonomous 
while the Type 2 processes are characterized by cognitive decoupling.3 “The defining feature 
of Type 1 processing is its autonomy –  the execution of Type 1 process is mandatory when 
their triggering stimuli are encountered, and they are not dependent on input from high- level 
control systems” (Stanovich and Toplak, 2012, p. 7). Cognitive decoupling is the defining fea-
ture of Type 2 processing. When we reason hypothetically, we create temporary models of 
the world and test out actions in that simulated world. In order to reason hypothetically, we 
must be able to prevent our primary representations of the real world from becoming confused 
with the secondary representations of hypothetical situations, that is, we should decouple 
our representations (Stanovich and Toplak, 2012). Leslie (1987) was the first to introduce the 
concept when she was modelling pretence by positing a secondary representation that was a 
copy of the primary representation but that was decoupled from the real world. Decoupling 
allows it to be manipulated, that is, be a mechanism for simulation. Decoupling secondary 
representations from the world and then maintaining the decoupling while simulations is 
carried out is the defining feature of Type 2 processing. Decoupling seems to be a special 
features of our race. Since we were becoming the first creatures to rely on cognitive simulation, 
it was a matter of vital importance not to become “unhooked” from the world too much of 
the time. Therefore, the salience of the primary representations of the worlds remained difficult 
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and costly to overcome. Therefore, the ability to sustain mental simulations while keeping the 
relevant representations decoupled is likely a key aspect of the brain’s computational power 
(Stanovich and Toplak, 2012). Decoupling is the feature of Type 2 processing to override and 
to reverse Type 1 processing that produces responses that are nonoptimal. To summarize, Type 
1 processes are autonomous because they do not require “controlled attention and they make 
minimal demand on working memory and central processing resources”. They are mandatory 
when their triggering stimuli are encountered and they are not dependent on input from high- 
level control systems. Type 2 processes are characterized by decoupling, that is the ability to 
prevent our representations of the real world from becoming confused with representations of 
imaginary situations. Such processing is necessary for hypothetical thinking, mental simulation, 
counterfactual reasoning and consequentialist decision making.

In reality, humans are cognitive misers. The tendency is to default to processing mechanisms 
of low computational expense (Stanovich, Chapter 11 in this volume). They engage the brain 
only when all else fails, and usually not even then. Cognitive misers have three rules: (1) default 
to Type 1 processes whenever possible; (2) when that is not possible and analytic processing 
is necessary, default to serial associative cognition with focal bias (as in the case of matching 
bias in a selection task); and (3) when the reflective mind wants to start cognitive simulation 
by decoupling, not complete it, that is, override failure (Stanovich, 2009, p. 69). Moreover if 
the analytic processes want to override the autonomous processes, it is possible that they won’t 
succeed because the mindware is not available or it is contaminated. What is the mindware? It 
includes rules, procedures and strategies that can be retrieved by Type 2 analytic processes and 
used to transform decoupled representations to override the autonomous mind. It is mainly 
the product of past learning experiences. If a rule is not learned or is not well learned or is not 
appropriately applied, this is the cause of an override failure. For example, knowledge of the 
gambler fallacy for a pathological gambler (Stanovich, 2009, p. 73). But not all mindware is 
helpful for overriding autonomous processes. Some acquired mindware can be the direct cause 
of errors and biases. For example, egocentric thinking, the my- side perspective, the evaluation- 
disabling memes (the memes against critical thinking and for consensual dogmatic faith) or false 
lay psychological theories (e.g. the personal immunity to bias or the personal knowledge of the 
causes of own actions, etc.).

In the same direction, Evans (Chapter 10 in this volume) proposes the Default Interventionist 
theory as a framework for bounded rationality:

The model assumes that Type 1 processing leads to a default intuitive answer A1 which 
appears in consciousness without effort or reflection. A1 is then subject to scrutiny 
by Type 2 processes which are effortful and require working memory. However, such 
scrutiny can be shallow or deep which depends on a number of factors. Motivational 
factors include how people are instructed, whether they have a rational thinking dis-
position (which inclines people to check intuitions more carefully) and the feeling or 
rightness (FOR) or subjective confidence that they have in A1 … Cognitive resources 
included time available (speeded tasks will reduce Type 2 checking), individual 
differences in working memory capacity (highly correlated with IQ) and “mindware”.

Evans, p. 189

When A1 is scrutinized, it may or may not be deemed satisfactory. Whether the intuition 
can successfully be replaced by an answer based on explicit reasoning and knowledge, how-
ever, depends on the cognitive resources available, as Stanovich has argued. Decision making 
is affected by individual differences in both cognitive ability and rational thinking dispositions. 
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The latter measures the extent to which people will rely on intuitions or check them out by 
reasoning. On the basis of this work, Stanovich argues that a number of conditions must be 
met for someone to successfully engage in Type 2 reasoning and solve a demanding and novel 
experimental problem. First, people must be aware of the need for intervention by Type 2 
reasoning, which is where rational thinking dispositions and feelings of rightness come into 
play. However, if they do intervene, then this will only be successful both if (1) they have suffi-
cient cognitive capacity for the hypothetical reasoning involved; and (2) they have the relevant 
mindware, that is, formal or procedural knowledge required by the context.

An important aspect of bounded rationality is linked to the feeling of rightness (FOR) of 
default intuitive answers that come to mind. When the FOR is high, we are happy with our 
intuitions that we deem satisfactory (satisficing) for our decision making. According to Evans:

The FOR research seems to fit a neat story of evolution and bounded rationality. Our 
intuitions come helpfully packaged with feelings of confidence which tell us whether 
we need to expend effort or not in checking them out. However, there is a snag. 
None of this research –  on reasoning and decision- making –  has provided evidence 
for even a partial accuracy of the FOR judgement, as observed in other fields where 
metacognition is studied.

p. 191

There are two comments on these results:

The first is that there is no clear reason to think that FOR corresponds to a stage of 
cognitive processing in the manner that researchers in the field assume. They could 
simply be conscious feelings that are by- products of the processes that determine the 
behaviour measures. In other words, a brain process that leads to a quick and firmly 
held decision, also generates conscious feelings of rightness and confidence, which in 
themselves have no functional significance.

Evans, p. 192

The second is that the evolution of metacognitive feeling (like FOR) might be used simply to 
justify some bias in given adaptive contexts. It is well known (e.g. Stich or Sperber) that norma-
tive canons like truth and consistency are not always evolutionary adaptive. A belief bias might 
increase more significantly the individual’s fitness before real and present dangers than a precise 
and correct but slow and time- consuming syllogistic reasoning. Natural selection provides the 
reproductive advantage of one organism over the next, not for the optimality of any one char-
acteristic (for example, deductive reasoning).

If the mind is structured into two parts or process types,4 Stanovich (Chapter 11) wonders 
which evolutionary representation can explain the emergence and the conflict between these 
two components of mental activity. He relies on Dawkins’ discussion of replicators and vehicles:

Replicators as entities (e.g. genes) that copy themselves and vehicles as the containers 
(e.g. organisms) in which replicators house themselves. It is vehicles that interact with 
the environment, and the differential success of the vehicles in interacting with the 
environment determines the success of the replicators that they house. Humans have 
proven to be good vehicles for genes. As have bees.

Stanovich, p. 197
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But the goal structures of bees and humans are very different (Dennett, 2017). The bee’s goal 
structure shows a predominance of the replicator’s goals over those of the vehicle. In case of 
conflict, the vehicle’s goals are sacrificed. A given bee will sacrifice itself as a vehicle if there is 
greater benefit to the same genes by helping other bees (for example, causing its own death when 
it loses its stinger while protecting its genetically- related hive- queen). In humans, however, the 
replicator’s goals that are mainly oriented towards reproductive fitness can be neutralized by the 
vehicle’s goals or may not even be useful to achieve reproductive fitness. In the former case, 
the vehicle’s goal, for example, the fulfilling of pleasure, leads us to prevent pregnancy through 
the adoption of contraceptives. Therefore, the reproductive goal is reduced for reasons linked 
to the vehicle’s goals. In the latter, the goals that were effective for reproductive goals in the 
past are no longer useful because of the speed of environmental change. For example, the con-
sumption of excessive fats, that was adaptively useful in the past, no longer fulfils the goals of 
either the vehicle or the replicator. Goals such as economic rationality and any other type of 
optimality are no longer among the replicator’s goals, only among the vehicle’s.

How does this framework relate to the dualism of the mind and bounded rationality? The 
mind generates, through System 1, behaviours that are mainly instinctive, linked to the her-
editary component of our nervous system. These are a set of behaviours led by the replicator’s 
long- term goals, that is to say the human genome. System 2, however, has introduced new 
short- term goals and new forms of reasoning and decision making aimed at fulfilling those 
goals. System 2 is primarily a control system focused on the interests of the whole person. It is 
the primary maximizer of an individual’s personal goal satisfaction. The problem lies in the mis-
match between the two systems. The goals of System 2 often correspond to interests that are 
common to both the vehicle and the replicator. Other times, they are in contrast with those of 
the replicator. In those cases, System 1 tends to prevail and rational optimality goals are there-
fore set aside (Viale, 2019). Stanovich (Chapter 11) is more optimistic:

Because System 2 is more attuned to the person’s needs as a coherent organism than 
is System 1 (which is more directly tuned to the ancient reproductive goals of the 
subpersonal replicators), in the minority of cases where the outputs of the two systems 
conflict, people will often be better off if they can accomplish an override of the 
System 1- triggered output. Such a system conflict could be signaling a vehicle/ repli-
cator goal mismatch and, statistically, such a mismatch is more likely to be resolved in 
favor of the vehicle (which all of us should want) if the System 1 output is overridden. 
When humans live in complex societies, basic goals and primary drives (bodily 
pleasure, safety, sustenance) are satisfied indirectly by maximizing secondary symbolic 
goals such as prestige, status, employment, and remuneration. In order to achieve 
many of these secondary goals, the more directly- coded System 1 responses must be 
suppressed— at least temporarily. Long- leashed derived goals create the conditions 
for a separation between the goals of evolutionary adaptation and the interests of the 
vehicle.

Stanovich, p. 201

Samuel Bellini- Leite and Keith Frankish (Chapter  12 in this volume) criticize a version of 
the dual- process theory that seems closed to the Fodorian division of mind into encapsulated 
input systems and unencapsulated central system. According to Fodor, the central system is 
represented as an unbounded central processor, sensitive to global assessments of context and 
relevance. Bellini- Leite and Frankish write:
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It is tempting to think of conscious thought as open- ended and unconstrained, and 
of nonconscious processes as inflexible and encapsulated. Cognitive psychology and 
computational neuroscience show that this is wrong. Conscious cognition is in fact 
severely limited in capacity, while nonconscious processes are tuned to the heavy 
demands of contextual and relevance processing. It is thus vital that modern dual- 
process theories do not carry over the conception of rationality implicit in Fodor’s 
precursor theory. In thinking about the functions and capacities of the posited dual 
systems, the perspective of bounded rationality is essential.

p. 214

Recent models of brain functioning that undermine the rigid Fodorian distinction between 
strictly encapsulated systems, the modules, and free unencapsulated systems, the central pro-
cessor, are the Predictive Processing (PP) theories (Clark, 2016). The brain’s function is to pre-
dict proximal stimuli not only to process them. Bellini- Leite and Frankish write:

These theories see the brain as having a hierarchical structure, with lower levels being 
close to perceptual input mechanisms and higher levels receiving information from 
diverse multimodal regions. Signals flow both up and down the hierarchy, with top- 
down signals predicting lower- level activity and bottom- up signals flagging errors in 
those predictions. Predictions are based on probabilistic generative models distributed 
through the hierarchy. These models monitor statistical patterns in the layer below, 
generating nonconscious hypotheses in an attempt to accommodate incoming data. 
Within this architecture, the influence of different neural regions is modulated to 
reflect their success in prediction through a mechanism known as precision weighting.

p. 213

As outlined in the following section on embodied bounded rationality, there are no sharp bound-
aries between perception, judgement and action. The limited System 2 receives representations 
that have already been filtered and processed. Lower layers pass on only stimuli that generate 
high prediction errors and that may be analysed and corrected by S2.

Stanovich (Chapter 11) writes that researchers working in the heuristics and biases trad-
ition tend to see a large gap between normative models of rational responding and descriptive 
models of what people actually do. These researchers have been termed Meliorists because they 
assume that human reasoning is not as good as it could be, and that thinking could be improved. 
However, over the last several decades, an alternative interpretation of the findings from the 
heuristics and biases research programme has been championed. This group of theorists have 
been termed the Panglossians. These theorists often argue either that the normative model being 
applied is not the appropriate one because the subject’s interpretation of the task is different 
from what the researcher assumes it is, or that the modal response in the task makes perfect 
sense from an evolutionary perspective. According to Stanovich, the contrasting positions of 
the Panglossians and Meliorists define the differing poles in what has been termed the Great 
Rationality Debate in cognitive science –  the debate about whether humans can be systemat-
ically irrational. The three contributions that follow outline the arguments for the Meliorist 
and Panglossian approaches with regard to deductive reasoning, causal reasoning and decision 
making. Part III on ecological rationality corresponds to what Stanovich calls the Panglossian 
position, as opposed to the Meliorist one that follows the tradition of Daniel Kahneman and 
Amos Tversky’s heuristic and biases and the application to public policy by Richard Thaler and 
Cass Sunstein.
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Phil Johnson- Laird (Chapter 13 in this volume), together with Wason, started working on 
mental dualism in connection with logical reasoning. Johnson- Laird’s theory maintains that 
when dealing with a deduction, the use of mental models happens intuitively, corresponding 
to System 1 activity. The same deduction can also be analysed deliberately according to the 
rules of logic with greater difficulty and effort. This corresponds to the activation of System 
2.  In the case of reasoning based on mental models, the results are not logically complete, 
because not all the model possibilities are made explicit compared to a deliberate analysis. 
Johnson- Laird writes that “human reasoners are equipped with two systems for reasoning, 
which interact with one another. Intuitions depend on mental models, which represent only 
what is true” (p. 222). Bounded rationality in deduction is based on dependence on mental 
models. He adds:

Our reasoning is bounded. We make deductions in domains that are undecidable 
or intractable in their demands on time and memory. Yet, we are rational in prin-
ciple. We grasp the force of counterexamples, and spontaneously use them to refute 
invalid inferences. Our deductions from fully explicit models yield valid conclusions 
based on all the information in the premises. Alas, some inferences in life violate 
the desirable logical properties:  their logic is incomplete, and they lack a deci-
sion procedure or a tractable one. In any case, to make a rational deduction is at 
least to maintain the information in the premises, to simplify, and to reach a new 
conclusion.

p. 217

One of the ways in which the individual represents the environment and interacts with it is 
through causal attribution. When faced with any social phenomenon, for example, a fall in 
your stock’s market value, or a natural one, like the onset of a number of physical ailments, the 
individual will try to understand the causes of that effect, in other words, will engage in diag-
nostic reasoning. Diagnostic reasoning consists in going back to the causes that triggered one or 
multiple effects. Formally, it means estimating the probability Pr (cause|effect). It is well known 
that the estimation of this probability deviates from the rational norm defined by the Bayes rule. 
Recent results show that people follow very varied strategies in order to estimate the diagnostic 
probability. Most often, the encountered strategies consist in combining the quantities within 
the Bayes rule in a sub- optimal fashion. Jean Baratgin and Jean- Louis Stilgenbauer (Chapter 14 
in this volume) suggest

the existence of additional strategies based on patterns of defeasible reasoning. In 
particular, two schemes appear to be psychologically plausible. The first is a form of 
defeasible deduction based on the Modus Ponens (DMP), the second is a scheme of 
defeasible abduction based on Affirming the Consequent (DAC).

p. 232

These two reasoning patterns represent two formally different strategies for estimating the 
diagnostic probability Pr(cause|effect), as shown in Figure 14.3 on p. 233. They correspond 
respectively in the A.I. and philosophical literature to two modes of inference: abduction for 
DAC and deduction for DMP. First, the defeasible deduction is a weakened form of deduction 
that permits the production of provisionally true and/ or probable conclusions. Second, abduc-
tion is a heuristic reasoning that serves to identify explanatory causes or hypotheses. Baratgin 
and Stilgenbauer show:
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the choice of the scheme to estimate the diagnostic probability Pr(cause|effect) depends 
on the value of the predictive probability Pr(effect|cause). When Pr(cause|effect) < 
Pr(effect|cause), participants do not report any particular preference between DMP 
and DAC. Yet, when Pr(cause|effect) > Pr(effect|cause), participants report a clear 
preference for DMP to estimate the diagnostic probability.

p. 234

Decision making can be represented according to two main approaches: the alternative- based 
approach and the attribute- based approach. The former includes compensatory decision 
making. Overall values for each option in a choice set are generated before comparing options 
to arrive at a decision. According to the second category, attributes across options are compared 
and these attribute comparisons are used to make a decision. Because they compare attributes, 
they may not use all available information to make a choice, which categorizes many of them 
as heuristics. Francine Goh and Jeffery Stevens (Chapter 15 in this volume) write:

Choice data have suggested that attribute- based models can better predict choice 
compared to alternative- based models in some situations (e.g., when there are many 
options in the choice set, when calculating an overall value for an option is too cog-
nitively taxing).

p. 243

As Part III on ecological rationality will show, the situation where attribute- based decision 
making is more successful is characterized by uncertainty and complexity, which are the envir-
onmental features of bounded rationality. In fact, Goh and Jeffrey write:

While the study of decision making has historically focused on alternative- based 
models, attribute- based models have experienced a resurgence of interest from 
researchers for a number of reasons. First, they follow from Simon’s notion of bounded 
rationality because they often reflect real- world limitations faced by decision makers 
by using less information and simpler computations. This is especially pertinent in 
instances where decision makers have to make a choice from myriad options or when 
there is risk involved in the decision making process. Second, they capture choice data 
quite well, predicting multi- attribute, risky, intertemporal and strategic choices while 
accounting for, or bypassing, anomalies regularly encountered in the use of alterna-
tive- based models. Third, in addition to capturing choice data, attribute- based models 
can also capture the decision process by making predictions about eye tracking and 
information acquisition data.

p. 250

Part III Ockam’s razor: mental monism and ecological rationality

The strong version of the dual- process account of mind is untenable. The dual list of the 6– 10 
properties are not co- occurring, therefore, the dual- process view is incorrect. However, even 
the minimal dual account of mind, based on only one defining property, autonomy for Type 1 
processes and decoupling for Type 2 processes, seems untenable. Psychological and neural data 
seem a direct empirical falsifier (Viale, 2019). The mind or psychological processes would not 
be split into the first part that is prone to vices, impulsiveness and error, and the second part, 
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wise, rational and ready to correct the errors of the first part. The mind seems to be better 
represented by a unified model, that is, by a single account of mental processes.

What are the features of the single account of mind and what are the implications for the 
bounded rationality theory? The two main anti- dualistic approaches are that of the “cogni-
tive continuum” put forward by Hammond (1996) and Cleerman and Jimenez (2002; see also 
Osman, 2004) and the “rule- based processing unified theory of decision making” argued by 
Kruglanski and Gigerenzer (2011).

First, according to the dynamic graded continuum (DGC), different types of reasoning are 
dependent on the representations from which participants reason (Osman, 2004, p. 1002). 
The same underlying production rule can generate a variety of responses as a result of the 
features of the task that an individual considers relevant (Osman, 2004, p. 1003). The proper-
ties of reasoning (control, awareness, speed, etc.) vary in degree, depending on the structural 
features of the tasks that induce different cognitive activity (Hammond, 1996). The cognitive 
continuum ranges from intuition to analysis. The better- structured a task is, the more ana-
lytically induced will be the decision- making mode. Conversely, with an ill- structured task, 
decision making is likely to be intuition- induced (Hammond, 1996). These theories seem to 
fit better than dual- process theories to a set of criteria like the Criterion S,5 the individual 
differences in cognitive ability, the dissociation between implicit and explicit processing, as 
analysed in a series of tasks as the selection task, the conjunction problem and belief bias in 
syllogistic reasoning (Osman, 2004, pp. 996– 1005). What matters is whether in this architec-
ture of the mind, there can be correction and reversibility after the bias has been generated. 
From what can be deduced from the “cognitive continuum” thesis, this type of processing 
appears to be triggered by the structure of the problem. If a problem is opaque and unnatural 
in its logical structure or if it is linguistically and pragmatically confused and deviant or if 
it is unfamiliar, namely, the quality of representations is poor, this will stimulate the intui-
tive, fast and implicit part of the mind responsible for biases. In this case, contrary to what 
is proposed by dual- process theories, there is no possibility of correction by the analytical 
component which is only stimulated by well- structured problems and the relative quality of 
representations (Viale, 2019).

Second, according to the “rule- based processing unified theory of decision making” argued 
by Kruglanski and Gigerenzer (2011), a cognitive judgement is mediated by rules that are in 
the individual’s adaptive toolbox. How is the selection made? It follows a two- step process: first, 
the task and individual memory constrain the set of applicable rules, resulting in a consider-
ation set, and, second, difficulty of instantiation, individual processing potential and (perceived) 
ecological rationality of the rule guide the final choice of a rule from a set (Kruglanski and 
Gigerenzer, 2011, p. 102).

Difficulty in instantiation means difficulty in recognizing the rule- matching cue in given 
circumstances. The presence of noises in the judgemental environment and weak and faint 
cues are responsible for this difficulty. The individual might overcome this difficulty and try to 
retrieve from memory rules that are difficult to access if he or she possesses sufficient processing 
potential. The processing potential are characterized by two features: attentional capacity and 
motivation. When they are low, the individual is not able to conduct an extensive memory 
search to retrieve the suitable rules for the structure of the task. Moreover, in such conditions, 
the individual may be sluggish and incapable of applying rules whose implementation requires 
effortful computations. The individual tends to base his or her judgement on relatively simple 
inferential rules and may be less able “to carefully assess the ecological rationality of a rule, that 
is, to properly estimate its validity in a given environment” (Kruglanski and Gigerenzer, 2011, 
p. 103). With limited attentional capacity and motivation, easy- to- use heuristics are used to a 
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greater extent than more complex inferential rules. For example, it was found that the “higher 
the magnitude of individuals’ accuracy and motivation, or their need for cognition, the greater 
their readiness to apply complex rules and to digest compound information” (Kruglanski and 
Gigerenzer, 2011, p. 102). To sum up, in situations where the suitable rules are complex, the 
signal to noise ratio is low, the individual has low resources, low conditions of processing poten-
tial and a low need for cognition (Petty and Cacioppo, 1986), and where there is a need for fast 
cognitive closure, unsuitable, easy- to- use heuristics are used. The consequence are biases and 
not ecologically rational decisions. This kind of decision environment is most frequent and it 
limits individual behaviour to choices that are not adaptive. In these cases, the reversibility of 
decisions taken is very difficult and it may only occasionally happen, ex post, when the indi-
vidual experiences the negative consequences of his choice. But also in this case, beyond the 
constraints of adverse initial conditions, such as low processing potential and signal- to- noise 
ratio, emotional factors such as inertia, the status quo and present- day bias can also block any 
reversibility of choice.

To summarize, when faced with ill- structured, opaque problems and situations, there are two 
possible styles of decision making, according to the unified theory of mind: (1) the “need for 
cognition” individual may decide to invest cognitive resources and time analysing the problems; 
and (2) the “lack of cognition” individual is not endowed with cognitive resources and he or 
she takes fast decisions based on “gut feeling”, and, soon afterwards, inertia, the status quo and 
procrastination phenomena prevent her or him from analysing the situation and improving the 
structure and representation. As many empirical studies show, the need for cognition people 
are a small minority. Generally, people lack attention, motivation and cognitive resources to 
analyse ill- defined and opaque problems. They rely on fast, intuitive, emotional answers and 
they lack the cognitive and emotional resources to analyse the problems and review the answers 
afterwards (Viale, 2019; forthcoming).

Hugo Mercier and Dan Sperber (Chapter  16 in this volume) hold a similar position. 
They write:

In light of these results, and of the fundamental problems that affect standard dual 
process models, we have suggested an alternative theory that is much more in line 
with the ideas of bounded rationality … Instead of dividing the mind between system 
1— which would mostly abide by the dictates of bounded rationality— and system 2— 
which wouldn’t— we suggest that it is intuitions all the way up (see also Kruglanski 
and Gigerenze, 2011; Osman, 2004). However, some of these intuitions— which form 
our ability to reason— would bear on reasons, as explained presently. In this theory, 
reason heavily relies on its cognitive and social environment to solve problems— when 
to kick in, how to figure out if something is a good reason, and how to find relevant 
reasons.

Mercier and Sperber, p. 259

According to Mercier and Sperber, the theory of reason concerns the central aspect of 
bounded rationality, that is the interactive and recursive relation between inferential activity 
and the environment. The theory is dubbed the interactionist view of reason because the reasons 
supporting one’s theories or used to evaluate other individuals’ arguments are generated at the 
metarepresentational level (reasons on reasons) and dialogically with ourselves (more rarely), but 
mostly with regard to others. The key feature of this theory is that these reasons are generated 
adaptively following the heuristic of satisficing:
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The production of reasons, as we describe it, is a paradigmatic example of a satisficing 
process. The criterion to be reached is that of producing reasons good enough to 
convince one’s interlocutor. For the interactionist account, reason evolved by being 
used chiefly in dialogic contexts, in which we can benefit from the back and forth 
of discussion to refine our arguments, instead of attempting to anticipating through 
extraordinary computational force what the silver bullet might be. This means, how-
ever, that people are not well prepared to produce strong reasons in the absence of 
feedback (except in the relatively rare circumstances where such feedback can be reli-
ably anticipated).

Mercier and Sperber, p. 263

An important aspect of this theory concerns its implications in environment design, in the 
architecture of choice that promotes the generation of good reasons. The relevance of Mercier 
and Sperber’s analysis is clear with regard to choice architecture in the theory of Nudge and 
Boost. As Part VII of this volume will show, one way to empower the citizens in decision 
making is to promote environments that boost their capacity to analyse and make conscious 
choices, through increasing environmental feedbacks, the heuristic simplification of informa-
tion and a critical dialogue with the members of social context of reference.

What is the role of bounded rationality in the cognitive sciences? The main model explaining 
how information is processed and how decision are made is David Marr’s (1982) model on the 
three levels of analysis. Originally developed with Tomaso Poggio, these three levels map onto 
fundamental distinctions in the study of rationality. At the highest level, termed the computa-
tional level, the aim is to identify an appropriate formal system, a calculus, used to define the 
problem and derive its solution. Moving down to Marr’s second level, the algorithmic level, 
the aim is to specify the algorithms and data structures needed to compute the solution. Marr’s 
third level of analysis is the implementation level, which considers the constraints of physically 
instantiating the proposed algorithms and data structures in, say, biological machinery or a con-
ventional digital computer. Henry Brighton writes (Chapter 17 in this volume):

Marr’s levels of analysis are seen as a core tenet of cognitive science … defining the 
de facto categories used to orientate cognitive models in relation to rationality claims 
… From this Marrian perspective, bounded rationality is typically seen as an attempt 
to inform computational- level theory development by importing constraints arising 
from algorithmic- level concerns. These constraints revise the problem specification, 
and consequently, what constitutes a rational solution.

p. 270

For example, it has been proposed that simple heuristics might be used to approximate a full 
Bayesian computation specified at the computational level. Ecological rationality involves a 
conjecture about simple heuristics, that belongs to Marr’s algorithmic rather than the com-
putational level. And given that rationality claims are traditionally made at the computational 
level, the assumption is that ecological rationality must therefore inherit principles of Bayesian 
rationality to explain the success of simple heuristics. Brighton writes:

The claim here is that ecological rationality is an adaptation to the problem of deci-
sion making in large worlds. These are environments that we can observe but our 
partial ignorance precludes them from being probabilistically quantifiable … and a key 
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implication of this claim is that optimality ceases to be a meaningful characteristic of 
rational decisions under these conditions.

p. 277

In a large world characterized by uncertainty, problems cannot be faced through optimal 
computations made by a formal system, but rather through exploratory heuristics characterized 
by the “less- is- more” principle. Therefore, the three Marrian levels of analysis are not suitable 
to characterize ecological rationality, while a two- level analysis is useful to pursue a form of 
functionalist inquiry.

When Herbert Simon introduced the concept of BR, most economists showed little interest 
in Simon’s question and preferred theories assuming perfect foresight and optimal computations. 
According to Gerd Gigerenzer (Chapter 2 in this volume), today a different phenomenon has 
gained momentum among economists:

Instead of being rejected as worthless or unimportant, his concept of bounded ration-
ality was hijacked and radically reframed, making his revolutionary ideas no longer 
recognizable. Neo- classical economists absorbed the term into the orthodoxy of per-
fect foresight and concluded that satisficing is quintessentially optimizing. Proponents 
of the heuristics- and- biases program in psychology, in contrast, appropriated the term 
for their own focus on human lack of rationality. This is why bounded rationality now 
has three faces that could hardly be more dissimilar.

Gigerenzer, p. 59

According to Gigerenzer, there are three principles that define Simon’s programme of bounded 
rationality:

 1. Uncertainty. To study decision making under uncertainty, not only risk.
 2. Process. To study the actual process of decision making, as opposed to as- if expected utility 

maximization.
 3. Scissors. To study how the structure of an environment, together with the cognitive process, 

produces the resulting behavior.

Gigerenzer writes:

The rationality in neoclassical economics typically refer to three pillars: consistency, 
maximization of expected utility, and— if learning is involved— Bayesian updating 
of probabilities. Leonard J. Savage (1954), known as the father of modern Bayesian 
decision theory, defined two conditions necessary for these three pillars of rationality:

1. Perfect Foresight of Future States:  The agent knows the exhaustive and mutually 
exclusive set of future states S of the world.

2. Perfect Foresight of Consequences:  The agent knows the exhaustive and mutually 
exclusive set C of consequences of each of his or her actions, given a state.

p. 56

The term ‘risk’ may be applied to the previous situations with perfect foresight of future 
states and consequences. These are also called ‘small worlds’ by Savage (1954). What Simon 
noticed, however, was that the managers he observed and humans in general mostly have to 
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deal with situations that are unlike small worlds with perfect foresight and that do not meet the 
assumptions for expected utility maximization and Bayesian updating (Savage, 1954, p. 16). 
Simon called for an empirical study of how humans reason when perfect foresight is not pos-
sible. The real- life problems are inside a complex environment. They are typically ill- defined 
problems, that is, the goals are not definite; we don’t know what counts as an alternative and 
how many alternatives there are; it’s unclear what the consequences might be and how to 
estimate their probabilities and utilities (Viale, 2018). This environment might be called also 
large world (Savage, 1954) and it is characterized by uncertainty. Small worlds instead are in 
principle predictable and without surprises and they are characterized by the knowledge of 
all relevant variables, their consequences and probabilities. The conditions of small world are 
the requirements of Neoclassical Rationality as Simon stressed in his Nobel Lecture (1979, 
p. 500). In these worlds the problems may be well defined but they can be also computation-
ally intractable. As is well known, an example of a computational tractable problem is the dice 
game or the roulette game. Instead a well- defined problem such as a chess game is computa-
tionally intractable. In any case, the real world is most of the time large and these conditions 
of knowledge are rarely met.6 Since they are rarely met, the normative rational requirements 
of neoclassical economics are unjustified and the application of their theories can easily lead to 
disaster (Stiglitz, 2010). Unfortunately, behavioural economics, while it criticizes the descrip-
tive side of neoclassical economics, without really proposing an alternative realist model of 
decision making, retains the normative one. In fact, the heuristic and biases programme is 
developed to cope with what is called human irrational behaviour, characterized by biases 
and formal errors caused by psychological mechanisms as the heuristics. Thaler (1991, p. 138) 
writes very clearly about:

A demonstration that human choices often violate the axioms of rationality does not 
necessarily imply any criticism of the axioms of rational choice as a normative idea. 
Rather, the research is implied intended to show that for descriptive purposes, alter-
native models are sometimes necessary.

In a large world, the axioms of rationality cannot be applied. Therefore, they cannot be 
considered feasible normative canons of rationality. Behavioural economists, who decades ago 
defined their critical contribution to the neoclassical mainstream a purely descriptive enter-
prise (ibid.) now advocate using behavioural concepts for prescriptive policy purposes as in the 
Nudge theory (Thaler and Sunstein, 2008).

When Herbert Simon began his attempt to empirically change economics, his methodo-
logical and epistemological coordinates were realist (Simon, Egidi, Viale and Marris, 1992; 
Simon, 2000). His main critical target was the instrumentalist as- if approach of Milton Friedman 
(1953). A  descriptive enterprise in economics had to overcome the unbounded rationality 
assumptions of neoclassical economics as unbounded self- interest, unbounded willpower and 
unbounded computational capacity. The behavioural economics programme initiated by Simon 
had the goal of replacing these a priori assumptions with more realistic ones. How much psy-
chological realism has been brought into economics by behavioural economists? Unfortunately 
very little because there are barriers to psychological realism that are common to neoclassical 
economics and that are the son of the shared reliance on Friedman’s as- if principle (Berg and 
Gigerenzer, 2010). All relevant behavioural theories suffer from the same shortcomings of neo-
classical economics:  assuming that risky choice always emerges from a process of weighting 
and averaging all the relevant pieces of information; the decision maker knows the objectively 
feasible action set; the decision maker know the list of outcomes associates with lotteries or the 
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probabilities of the known outcomes (Berg and Gigerenzer, 2010). The shift from neoclassical 
economics to behavioural economics and in particular, after the impact of Allais Paradox, from 
expected utility theory to prospect theory, appeared to be based on the introduction of more trans-
formations with additional parameters to square the basic operation of probability- weighted 
averaging with observed choices over lotteries (Berg and Gigerenzer, 2010). The weighting- 
and- adding objective function is used as- if it is a model of mind. But it’s not. It is a fic-
tional mind, a valid instrument to make a posteriori inferences through the introduction of 
suitable parameters in order to reach a better R- squared. The same methodological model is 
observed in many other behavioural theories (Berg and Gigerenzer, 2010). For example, the 
Fehr and Schmidt social preference model (1999) recognizes the insight that people care about 
others’ payoffs. Therefore, they modify the utility function through the addition of at least two 
additional free parameters. People are assumed not to maximize a utility function depending 
only on their own payoffs but a behavioural or other- gathering utility function. To do this, a 
decision maker assigns benefits and costs to each element of the choice space based on weighted 
sum of the intrinsic benefits of own payoffs together with the psychic benefits of being ahead 
of others and the psychic costs of falling behind others. The decision maker will select the 
action with the largest utility score based on the weighted summation. Another as- if model is 
Laibson’s (1997) model of impulsiveness in consumption, a psychological bias that over- weights the 
present over the future. He puts more weight on the present by reducing weight on all future 
acts of consumption. In other words, he reduces the weight of all terms in the weighted sum 
of utilities except for the term representing the utility of current consumption. The unrealistic 
pretension is evident: the decision maker, after an exhaustive search of all possible acts of con-
sumption, computes the weighted sum of utility terms for each act and chooses the one with 
highest weighted utility score. The deviation between the value that recovers the neoclassical 
version and the new parameter that reduces the weight on the future is considered the empirical 
confirmation of the model (Berg and Gigerenzer, 2010).

The instrumentalist methodology of behavioural economics uses the addition and man-
aging of free parameters to improve the realism of the models. In so doing, it improves the 
within- sample fit and improves the R- squared. Most of the philosophers of science, both in 
the realist tradition (e.g. Hacking, 1983) and in the antirealist tradition (e.g. van Fraassen, 
1980), agree on the empirical adequacy by successful prediction, particularly of novel facts, as 
the first principle in deciding between competing hypotheses (Viale, 2013). A large number 
of free parameters allow the model to fit many sets of data without proving it generates 
successful out- of- sample prediction. On the contrary, the most challenging test of a theory is 
in prediction using a single set of fixed parameters. Something that few models of behavioural 
economics dare to do.

In conclusion, we live in a large world where the canons of neoclassical rationality are unjus-
tified both descriptively and normatively. Therefore, the reasoning errors, fallacies and biases 
that behavioural economists are engaged to overcome most of the time are not irrationalities. 
Moreover, the decision- making models that behavioural economists have introduced most of 
the time are an as- if instrumentalist tool to fit the observed choice data.

Since we live in large world characterized ontologically by complexity, recursivity, 
non- linearity and uncertainty, the rationality of choices should be judged by their adap-
tivity and problem- solving ability. In fact, bounded rationality is not confined only to the 
constraints of the computational power of human mind. As in Simon’s scissors metaphor 
(1990), rationality should be judged by the matching or mismatching of the relationship 
of mind- environment or in other words choice- task structure. What kind of reasoning 
processes are able to match the environmental tasks and solve the problems? This is an 
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empirical question that some years ago confronted some cognitive scientists, such as Herbert 
Simon, Vernon Smith, Richard Selten and, in particular more directly, Gerd Gigerenzer and 
the ABC Research Group (Gigerenzer, Todd, and the ABC Research Group, 1999). The 
adaptive toolbox of formalized heuristics is the result of these empirical investigations. In a 
number of problems, simple heuristics were more accurate than standard statistical methods 
that have the same or more information. The results became known as the “less- is- more 
effect”. There is a point where more is not better, but harmful. There is an inverse- U- 
shaped relation between level of accuracy and amount of information, computation, or 
time (Gigerenzer and Gassmaier, 2011, p. 453). For example, “starting in the late 1990s it 
was shown for the first time that relying on one good reason (and ignoring the rest) can 
lead to higher predictive accuracy than achieved by a linear multiple regression” (Gigerenzer 
and Gassmaier, 2011, p. 453). Herbert Simon himself spoke, in his appraisal of the volume 
by Gigerenzer, Todd and the ABC Research Group (1999), of a “revolution in cogni-
tive science, striking a great blow for sanity in the approach to human rationality”. The 
toolbox is composed of many heuristics that have been tested successfully against statistical 
algorithms of rationality, not in the easy task of fitting a closed sample of data but in the 
much harder task of prediction. They have proved to be both a better description of deci-
sion making and a better prescription on how to decide. Obviously, the adaptive success of 
any given heuristic depends on the particular given environment. In which environments 
will a given heuristic succeed, and in which will it fail? Gigerenzer, Todd et al. (2012) have 
identified a number of environmental structure variables:

Uncertainty: how well a criterion can be predicted.
Redundancy: the correlation between cues.
Sample size: number of observations (relative to number of cues).
Variability in weights: the distribution of the cue weights.

How do we assess the adaptive success in ecological rationality? Gigerenzer and Gassmaier 
(2011, p. 457) write: “The study of ecological rationality results in comparative statement of 
the kind ‘strategy X is more accurate (frugal, fast) than Y in environment E’.”

According to Julian Marewski and Ulrich Hoffrage (Chapter 18 in this volume):

The fast- and- frugal heuristics framework asks four basic questions: descriptive, eco-
logical, applied, and methodological …

1. Descriptive: What heuristics do people rely on to make decisions, and when do 
they rely on which heuristic?

2. Ecological: To what environmental structure is each heuristic adapted, such that 
relying on that heuristic can aid people to make clever decisions; and reversely, in 
which environments will that heuristic fail?

3. Applied: How can human performance be improved so that environments match 
heuristics– – be it by changing the environment in which people act or by chan-
ging the heuristics people rely upon?

4. Methodological: How can people’s use of heuristics and the heuristics fits to different 
environments be studied?

Candidate answers to those four questions have been formulated in numerous fields 
and disciplines to which the fast- and- frugal heuristics program has been applied … 
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How can those four question aid understanding drastic environmental change– – not-
ably, the ways in which individuals think, decide, and act?

p. 284–285

They analyse how to cope with the radical environmental changes caused by the digital revo-
lution. They proceed in six steps:

First, we will speculate how future aversive environments might look, and second 
we will discuss how such environments might then influence behavior, for instance, 
by leading people to adopt different heuristics. Third, we will speculate how those 
heuristics might, in turn, shape environments, namely, the societies in which they are 
enacted. Subsequently, we will explore how aversive environmental change can be 
managed– – both by an individual navigating through a changing environment (fourth) 
and by societies as a whole undergoing environmental change (fifth). We will close this 
chapter by, sixth, turning from changes in life- history to changes in evolutionary history.

Marewski and Hoffrage, p. 292

For example, they propose three heuristic principles to create more resilient digitalized societies 
that avoid the growing perverse effects of interconnectedness, influenceability and traceability:

1. Principle of disconnectedness: Implement policies that disconnect people from 
each other.

2. Principle of deceleration: Implement policies that slow down the spread of informa-
tion among people.

3. Principle of information- loss: Implement policies that prevent the unlimited storage 
of behavioral data.

Marewski and Hoffrage, p. 297

These principles aim to answer the questions leading to the sixth step, that concerns changes 
in evolutionary history. The digital world differs from the predigital environment. Its features 
make the adaptation of human beings less easy. These principles aims at shaping the digital 
environment in a way that increases the ecological rationality of human beings.

An important feature of ecological rationality is that it situates BR within the frame-
work of natural selection. Ancestral environments and fitness pressure shaped the evolved 
capacities of human decision making. Samuel Nordli and Peter Todd (Chapter 19 in this 
volume) write:

But the evolutionary perspective enables us to do more, looking at the ultimate selec-
tion pressures that operated over time in our and other species’ evolutionary trajec-
tories— that is, the study of any organism’s decision making as interactions between 
(A) its evolved capacities, needs, and desires/ goals, in terms of (B) how those aspects 
fit the structure of the past environmental decision- making contexts, and (C) how 
they match or mismatch the structure of the present environmental contexts.

Nordli and Todd, p. 313

Ecological rationality expands the concept of BR by emphasizing the role of past environments 
to which we have adapted, the present environment in which we make decisions, and the 
structure of information as it is processed through decision making. In this way, “the ecological 
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rationality approach follows in the investigative tradition of behavioral ecology as championed 
by Tinbergen …, who argued that proximate (mechanistic and developmental) and ultimate 
(adaptive and evolutionary) analyses are each required in order to fully understand observed 
behaviour” (Nordli and Todd, p. 313). The weakness of current research in decision making lies 
in the fact that it overlooks the explanation coming from evolutionary psychology and behav-
ioural ecology. It is focused only on the description of the mechanisms of choice. But

this lack of evolutionary contextualization can leave unrealistic notions of rationality 
unchallenged, engendering a tendency to blame irrational biases or systematic inad-
equacies when human behavior does not match the optimal performance of nor-
mative behavioral prescriptions … From this proximate perspective, the failure of 
boundedly- rational behavior to reach classically- rational levels of performance is just 
that: a failure.

Nordli and Todd, p. 314

On the contrary, ecological rationality does not predefine rationality based on a priori analyt-
ical canons on how people should ideally behave. Instead “it seeks both to describe how people 
actually act in specific contexts, and to understand how decisions and actions fit together with 
particular environmental contexts in terms of their evolutionary provenance and adaptive signifi-
cance” (Nordli and Todd, p. 314). Obviously, if past and present environments differ in important 
ways, this may result in a mismatch between the old mechanisms of decision making suitable for 
the old times and the new environment, which is responsible for non- adaptive decisions. Humans’ 
evolved preferences for unhealthy sugary, salty and fatty foods are examples of this mismatch.

Conversely (as will be analysed also in Viale, Chapter  22 in this volume), “there are 
examples where ostensibly- irrational behavior (according to normative prescriptive models) 
may be considered perfectly reasonable when evaluated from an ecological rationality per-
spective” (Nordli and Todd, p. 319). There are many examples in this sense: the influence of 
emotions on cognition to achieve goals that are important for survival and reproduction; or the 
“sour grapes” effect when

the logically unfounded belief that grapes are not any good because they cannot be 
reached may simply be the product of an effective proximate mechanism (i.e., emo-
tional biases in specific contexts) that ultimately serves to discourage the pursuit of 
goals in situations where contextual cues indicate that goal achievement is unlikely.

Nordli and Todd, p. 319

If we consider the matter from an evolutionary perspective, this is an adaptive behaviour that 
reflects “an ecologically rational strategy for balancing the risks, rewards, and probabilities that 
characterize the environmental structure of contexts in which motivated reasoning occurs— 
even in complex modern environments” (Nordli and Todd, p. 319).

Kahneman and Tversky’s prospect theory and the other heuristic and biases contributions 
claim to be a consequence of the BR approach in decision making. In fact, Herbert Simon has 
inspired two directions in the modelling of decision making. According to Thorsten Pachur 
(Chapter 20 in this volume), “the first is prospect theory … and its subsequent elaboration and 
formal specification in cumulative prospect theory …”:

They assume that people’s sensitivity to differences in the outcomes and probabilities of 
risky options diminishes, the further away those magnitudes are from natural reference 
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points (such as zero, impossibility, or certainty) and that losses carry more psycho-
logical weight than gains. These notions are described algebraically with psycho- eco-
nomic functions that translate objective magnitudes of outcomes and probabilities 
into subjective ones. CPT is typically considered as an “as- if ” model, in the sense 
these functions are not meant to represent the actual cognitive processes underlying 
choices. The second modelling tradition rooted in bounded rationality, by contrast, 
has developed heuristics, that are intended as cognitive process models.

Pachur, p. 324

Is it possible and convenient to provide some form of integration between the two kinds of 
modelling? Pachur explains the pros and cons of this integration.

Herbert Simon was one of the founders of Artificial Intelligence. AI was born in 1956 at 
the Dartmouth Conference and the dominant model was the computational model of the 
mind. The mind was seen as the software of the brain and AI was meant to simulate the discov-
eries of cognitive sciences about mental activity. According to John McCarthy, Marvin Minsky 
and others at the Dartmouth Conference, the goal was to “make a machine that behaves in 
a way that would be considered intelligent if it was a human being”. However, AI developed 
differently than the founders intended it to. Instead of simulating the cognitive features of 
the human mind, AI tried to replicate a simplified model of the brain. Neural networks and 
multi- layered neural networks are the dominant tools of machine learning and deep learning. 
Deep learning programs like AlphaGo, that are so successful in the game Go, are considered 
the prototypes of what AI will be in the future. This is controversial. These programs are 
clever in games characterized by risk and computational complexity. Real life, however, is 
characterized mainly by uncertainty, unpredictability, and surprises. If AI wants to simulate 
how human beings adapt to the uncertain environment it has to change its course. The right 
course might be:

 1. To create a map of human heuristics that are ecologically rational in given tasks and envir-
onmental settings.

 2. To incorporate heuristics in evolutionary computation techniques, which are stochastic 
algorithms whose search methods are modelled on genetic inheritance and Darwinian strife 
for survival.

 3. To develop robots that mirror the structure of the human body not only at the perceptual 
or motor level, but also at the visceral and sensorial level.7

Özgür Şimşek (Chapter 21 in this volume) maintains a similar position:

It is unlikely that the performance gap between people and AI can be closed by 
advances in computational speed only. Just like people and animals, our machines will 
need to learn how to be boundedly rational, in other words, how to achieve their 
objectives when time, computational resources, and information are limited. Models 
of bounded rationality ….. provide fertile ground for developing algorithmic ideas for 
creating such AI systems.

Şimşek, p. 339

Her chapter provides an overview of some of this research and discuss its implications for 
AI: “The discussion will start with one- shot comparison problems and two families of simple 
heuristics … that can be used in that context:  tallying and lexicographic decision rules” 
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(Şimşek, p. 339). She describes how these heuristics perfectly match certain characteristics of 
natural environments that allow them to make accurate decisions using relatively small amounts 
of information and computation, and how this knowledge can be applied in the context of 
sequential decision problems, of which the game of Go is an example, to reduce the branching 
factor in a simple and transparent manner.

Finally, another aspect of the ecological dimension of rationality is found in the analysis of 
psychopathological disorders in reasoning and decision making. According to Riccardo Viale 
(Chapter 22 in this volume):

Over the years, the evaluation of what is considered reason and the equation “nor-
mality equals rationality” seems to have undergone a paradoxical change. Initially, 
the rationalist legacy of the eighteenth- century Enlightenment resulted in a very 
clear separation of reason from madness. The madman was characterized by a failure 
of deductive and inductive logical thinking. In the 1950s, however, this distinction 
disappeared when cognitive science brought to light a whole series of supposed failures 
of rational behaviour in the normal individual as well. What dealt a serious blow to the 
theories of human decision- making and judgement formation was the fact that, quite 
surprisingly, several reasoning flaws that had been attributed solely to the psychiatric 
patient were, in fact, also found in the normal individual. Over the past few years, the 
theory that started with the Enlightenment seems to have reversed in a circular way. If 
we consider rationality as based on the logical coherence adopted in economic theory, 
then rationality is more apparent in individuals suffering from certain neurological and 
psychiatric disorders than among people without a disease. Paradoxically, normality 
seems characterized by irrationality, and abnormality by rationality.

Viale, p. 353

But what characterizes abnormality? Normal individuals are characterized by limitations of 
logical rationality, which do not make them impeccable logicians, statisticians and maximizers, 
but that allow them to successfully adapt to the environment to solve problems and to learn 
from their mistakes. From this standpoint, a behaviour can be defined as pathological. This 
is not because it deviates from normative standards, but because it is unable to successfully 
interact with the social and physical environment, in other words, to have cognitive success. 
The irrationality of the mental disorder is such that it differs from bounded ecological ration-
ality because it would not allow some of the following adaptive cognitive functions (depending 
on the mental disorder):

 1. Learning from mistakes, environmental feedbacks, in particular, advice coming from the 
social context.

 2. Using social imitation heuristics, such as that of successful people or of the crowd that allow 
the individual to speed up the decision- making processes and to find solutions that are 
readily available to be used.

 3. Realistically representing the terms of a problem in the context of a decision, without 
affective or emotional hyperpolarization only on some salient variables and not on others 
that are more relevant for the decision.

 4. Having a correct non- distorted perception of spatial and temporal coordinates in the con-
text of a decision.

 5. Anticipating at the corporal level the affective effects of a future choice in a way that cor-
responds to the reality of the phenomenon not in a distorted or dissociated way.
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According to Viale:

Any rigidity and impermeability to the signals from the environment and the lack of 
a realistic representation of the variables at work do not allow adequate fitness of the 
structure of a decisional task to allow us to be successful in our choices. It is therefore 
from an ecological point of view rather than from a normative one that we can con-
sider a behaviour irrational in the context of some mental disorders.

p. 361

Part IV Embodied bounded rationality

Bounded rationality in human reasoning, judgement and decision making mainly results from 
the adaptive evolution of our central nervous system. The way in which the brain and the sub- 
cortical structures have developed provides the foundation of the features that characterize the 
relation between mind and environment. It is, however, not enough to refer to the brain to 
explain cognitive activity and decision making. As will be illustrated later, in the past few years, 
growing importance has been attached to other parts of the body as well, such as the peripheral 
nervous system, the motor apparatus, the endocrine system, the cardiovascular, respiratory and 
digestive systems. In interacting with the environment, decision making cannot be fully grasped 
without analysing the bodily parts that allow us to interact and to physically put in place our 
decisions. From this perspective, it is possible to talk about embodied cognition applied to deci-
sion making, or, in other words, embodied bounded rationality. The metaphor of the scissors 
must therefore be integrated to add one missing element. The two blades cannot function 
unless they are coordinated by something else: the pivot, that is the body that allows cognition 
to interact with the environment.

According to Vittorio Gallese, Antonio Matrogiacomo, Enrico Petracca and Riccardo Viale 
(Chapter 23 in this volume):

The idea that cognition is embodied is evidenced by a number of experiments 
connecting body states to judgement, decision making, problem solving, attitude 
formation, etc. Experimental evidence shows that body variables decisively direct 
and affect decision making … Further, problem solving is non- trivially dependent 
on body correlates such as, for instance, eye movement ... Other various experi-
mental evidence shows that people judge steepness depending on the weight of their 
backpacks … that environmental temperature affects social attitudes … that imagined 
food consumption makes people satiated … or that physical weight induces the per-
ception of importance.

Gallese et al., p. 378–379

Embodied cognition can help us to reconsider such a fundamental notion in bounded ration-
ality as heuristics. Ecological rationality and the functioning of simple heuristics, in particular, 
would greatly benefit from inputs from neurobiological and embodied cognition studies. In 
fact, something is changing among ecological rationality scholars, in particular with reference 
to deeper analysis of the neurobiological dimension of heuristics decision making. According 
to Nordli and Todd (Chapter 19 in this volume), neurophysiological studies could promote 
a new theoretical framework for ecological rationality. For instance, those studies may con-
tribute to understanding strategy selection in decision making, where strategy selection means 
the selection of a given heuristic for a particular context. The selection is successful when the 
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selected heuristic matches the structure of a given situation. That may happen by developing 
a mapping between context structure and the appropriate heuristics to use. The mapping may 
be generated by a “strategy selection learning” procedure. According Nordli and Todd, the 
reinforcement learning- based mechanism of strategy selection “is consistent with accounts that 
tie reinforcement learning processes to the recurrent cortico- basal circuit which is the very 
same circuitry that is critical to the exploitation of past behavior in the form of habits and fixed 
action patterns” (p. 320). In particular, the basal ganglia seem to lie behind most ecologically 
rational behaviour. Basal ganglia seem to evaluate context and select actions based on either 
motor or cognitive past behaviour. This neural mechanism allows the strategy selection of 
adaptive heuristics based on evaluation of past behaviour.

Christopher Cherniak (Chapter 24 in this volume) analyses an interesting dimension of the 
boundedness of rationality in connection with brain activity. According to him. the most fun-
damental psychological law is that we are finite beings. The classical paradoxes of semantics and 
set theory “can be reexamined not as odd pathology, but instead as indications of use of ‘quick 
and dirty heuristics’– – that is, the ultimate speed- reliability tradeoffs of correctness and com-
pleteness for feasibility” (Cherniak, p. 391). Cherniak introduces an interesting parallel between 
psychological boundedness and neural boundedness, between rationality and brainwiring hard-
ware. In the first case, as well as in the second, the limitation of neural resources has generated 
strong evolutionary pressure to employ them efficiently. He writes: “Much of higher central 
nervous systems operates at signal propagation velocities below the 60 mph speed limit. Since 
connectivity is in limited supply, network optimization is quite valuable” (p.  392). And he 
adds: “Connection minimization seems a first law of brain tractography, an organizing prin-
ciple driving neuroanatomy … with hitherto unreported precision” (p. 392). Thus, according 
to Cherniak:

“Save wire” turns out to be a strongly predictive “best in a billion” model. Wiring 
minimization can be detected at multiple levels, e.g., placement of the entire 
brain, layout of its ganglia and/ or cortex areas, subcellular architecture of dendrite 
arbors, etc. Much of this biological structure appears to arise for free, directly 
from physics.

p. 392

A wire- saving Adjacency Heuristic may be applied to the placement of interconnected func-
tional areas of cerebral cortex: “If components are connected, then they are placed adjacent 
to each other” (p. 393). Cherniak wonders how the intentional level of mind meshes with the 
hardware level of brain. “Prima facie, that relationship appears in tension:  In some aspects, 
the brainwiring appears virtually perfectly optimized, yet the rationality has layers of impossi-
bility between it and perfection …” (p. 394). Cherniak may be right in assessing the distance 
of rationality from perfection if he considers environments as Savage’s small worlds –  e.g., dice 
games, roulette, and so on –  where optimal results may be achieved. The possibility of optimal 
rationality is evident since the probability of the outcomes is cognizable. But in the large worlds –  
the real world of society, climate, finance, politics, and so on –  the uncertainty, complexity and 
unpredictability of future events do not allow us to evaluate the distance of our rationality from 
perfection. This is because there is no possible perfection at all. In these worlds, as in the world 
of constrained neural resources, frugality and simplicity are the heuristic tools to pursue opti-
mality, that is to say better adaptive fitting.

Which features of the brain can contribute to explaining bounded rationality? Paul Thagard 
writes (Chapter 25 in this volume):
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Human brains have numerous strengths that have enabled people to spread all over 
the planet and increase in population to more than 7 billion. The most impressive 
features of human brains are not the special- purpose adaptations touted by evolu-
tionary psychologists, but rather the general adaptability furnished by the flexible 
ways in which humans can learn from experience … Nevertheless, the brain has 
numerous limitations that forestall optimal rationality. Our brain’s assemblage of 86 
billion neurons provides a lot of computing power, but elephants have three times as 
many. In order to have more neurons, people would need to have bigger brains that 
require bigger heads, but childbirth is already often a difficult procedure. Human 
brain size reflects a trade- off between the benefits of more processing power and ease 
of delivery through a pelvis that also must function for bipedal locomotion. Another 
constraint on human brain size concerns energy. Even though the roughly 1.4 kg of 
the human brain take up less than 3 percent of the average human weight, the brain 
uses up to 20 percent of the energy available to the body. Larger brains would require 
more energy, which either requires less energy available for other functions such as 
metabolism and reproduction, or greater sources of food. The evolution of human 
brains requires a trade- off between size and energy efficiency, as well as between size 
and birth delivery.

Thagard, p. 400–401

The size of the brain and the limited amount of information that people can store are accom-
panied by another weakness in its computational power. Thagard writes:

Human brains also come with limitations in speed of processing. Billions of neurons 
allow for massively parallel operation, but the neurons themselves are slow. A typical 
neuron fires up to 200 times per second, whereas current computers have operations 
at the rate of trillions of times per second. Why are neurons so slow? Most neural 
connections are chemical, requiring the movement of neurotransmitters such as glu-
tamate and GABA from one neuron to another. This chemical transmission is slower 
than purely electrical signalling, which occurs rarely in brains, but it allows for flexi-
bility in timing and the development of different kinds of pathways.

p. 401

And he adds:

If brains were faster, they would still not be able to do an infinite amount of pro-
cessing, but they would be able to better approximate some of the standards required 
for the rational norms of deductive logic and probability and utility theory. The brain 
lacks the speed to be able to do all of the calculations that are acquired for absolute 
standards of rationality.

p. 401

Nevertheless, the brain can perform computations that are important for the survival and repro-
duction of organisms:

Perception, inference, and decision- making can all be modelled as processes of par-
allel constraint satisfaction, in which a brain or computer considers a range of possible 
interpretations of a conflict situation and comes up with a good but not necessarily 
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optimal solution … For example, recognizing a moving object as an instance of prey 
or predator should consider alternative hypotheses about the animal, constrained 
by perceptual and environmental information. Parallel constraint satisfaction is effi-
ciently computed by neural networks that implement constraints by excitatory and 
inhibitory links …

Thagard, p. 402

Another important feature of the brain influencing decision- making processes and lying at 
the heart of bounded rationality is the integration of cognition and emotion. This integration 
occurs between high- level areas, such as the prefrontal cortex, and the emotional systems, such 
as the limbic system consisting of primitive areas such as the amygdala. This interconnection 
interferes with the requests of decision- making rationality. For example, according to expected 
utility theory, probability and utility must be first calculated independently and then combined 
at a mathematical level. The profound integration in the brain between the cognitive and 
emotional centres does not allow for this separation. As Thagard maintains, utility operates on 
the estimation of probability and probability operates on the estimation of utility: “The brain 
has no firewall between cognition and emotion, so it is not surprising that people often adopt 
beliefs that they find emotionally appealing, in domains that range from politics to relationships” 
(Thagard, p. 403). A case in point concerns time discounting. People have a tendency to go for 
short- term small gains in neglect of long- term large gains. This is because the decision on what 
to do immediately stimulates areas of the ventral striatum and orbitofrontal cortex connected 
to the emotional sphere, while long- term evaluations occur through computations that take 
place in the prefrontal cortex and parietal areas that do not have strong emotional implications. 
Hence the integration of cognition and emotion in the brain contributes as much as size and 
speed limitations to the boundedness of rationality. The neural constraints of information pro-
cessing prevent us from satisfying the desires of formal rationality, but appear to have an adaptive 
function when faced with complex and uncertain environments and scenarios. Since we have 
to decide mainly about an epistemic or ontological uncertain reality, no optimization based on 
knowledge of the options and their probability can work. Thus, some failures and biases are 
not really failures and biases but they are rather the only possible heuristic way to cope with 
uncertainty. The same limitation of attention processes connected to Miller’s magic number 
for working memory can be viewed from an adaptive perspective. It may be an adaptive con-
straint to cope with uncertainty and to decide in a fast, unaware, intuitive way when faced with 
potential but uncertain danger rather than losing time in slow, analytic and aware thinking and 
decision making. Therefore, what seems to be human failures to follow normative principles 
(introduced only recently in the history of humankind) is, on the contrary, an adaptive and 
ecological rational feature and not a defect of the mind- brain.

The flexible and dynamic adaptability of the brain in various decisional contexts is highlighted 
also by Colin McCubbins, Mathew McCubbins and Mark Turner (Chapter 26 in this volume). 
They note that a number of recent discoveries provide an overview of the neural bases of deci-
sion making that differs significantly from the picture painted by neuro- computation theory 
in the past. The salient features of bounded rationality are explained by the way the brain 
functions. This is particularly true for the dynamic instability of self- expression or, in other 
words, constantly evolving preferences and beliefs due to experience and learning, depending 
on emotional and external changes. In particular,

Cognitive neuroscientists have proposed that the human brain is constantly scanning 
over a range of often- conflicting alternatives and collapsing that range to an action 
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only in the moment of decision … Consider someone who wants to pick up a 
coffee cup. There are many ways to do so successfully. The brain may explore 
many of those approaches simultaneously. The neurobiological basis of action can 
be varied, with simultaneous but conflicting lines, each with some probability of 
being given, at the final instant, control over skeletal and motor programs. One of 
those possibilities will precipitate in the moment of action. Our enacting only one 
action suite does not mean that the brain was exclusively focused on that one suite; 
it means only that, in the moment of action, one coherent action was executed, as 
others were forsaken.

McCubbins et al., p. 415

Part V Homo Oeconomicus Bundatus

The history of economic thought shows that there was an inverse relationship between the 
articulated and empirical development of the economic agent’s theory of mind and the attri-
bution of rational capacity to the said agent. The greater the demand for rationality, the less 
the agent’s psychological characterization was developed. As the previous examples show, 
the maximum rational capacity now required by contemporary neoclassical economics (sat-
isfaction of the computational requisites of Bayesian decision theory) means that the agent 
has minimal psychological content. Instead, the opposite occurs in Hayekian subjectivism. 
This inverse proportionality appears to be a natural consequence of the relationship between 
reason and mind. Gifts of unlimited reasoning, like those ascribed to the neoclassical eco-
nomic agent, are not combined with the empirical representation of a mind characterized by 
cognitive limits and weaknesses. The unlimited reason attributed, a priori, to the economic 
agent compresses and suffocates any space for human psychological expression. This dualism 
between reason and mind is not a novelty, but instead has deep, philosophical roots. It is linked 
to a precise tradition that can be seen as the progenitor of the model of rationality that was in 
vogue in economic science for two centuries (Viale, 2012). The theory of rationality inherited 
by the tradition that spans from Heraclitus, Parmenides, Plato and Aristotle to St Augustine, 
Descartes, Spinoza, Leibniz and the Enlightenment and which underlies the theory of eco-
nomic action in the nineteenth century is therefore characterized by unlimited, a priori and 
linguistic- intentionalist attributes. Its supposed descriptive property is based on the a priori 
presumption of the universal rationality of the human species and not on the a posteriori justifi-
cation of people’s real rational capacities. Neoclassical economics and the model of rationality 
contained in von Neumann and Morgenstern’s game theory are the realization of this ideal 
(well represented by Laplace’s metaphor of the demon endowed with unlimited computational 
rationality).

Gerd Gigerenzer (Chapter 2 in this volume) outlines three competitive alternatives that have 
been using the concept of BR. Ariel Rubinstein (Chapter 27 in this volume) seems to propose 
a fourth one. He starts with a definition of economic theory:

Economic Theory is a collection of stories, usually expressed in formal language, 
about human interactions that involve joint and conflicting interests. Economic 
Theory is not meant to provide predictions of the future. At most, it can clarify 
concepts and provide non- exclusive explanations of economic phenomena. In many 
respects, a model in Economic Theory is no different than a story. Both a story and 
a model are linked to reality in an associative manner. Both the storyteller and the 
economic theorist have in mind a real- life situation but do not consider the story or 
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the model to be a full description of reality. Both leave it to the reader to draw their 
own conclusions, if any.

Rubinstein, p. 423

There is no room for a realist methodology to establish an empirically- based microeconomics. 
This conceptual and analytical position8 is reflected in the concept of BR: “Models of Bounded 
Rationality are for me …. models that include explicit references to procedural aspects of deci-
sion making, which are crucial for the derivation of the analytical results” (p. 423). Procedural 
aspects do not refer to the same phenomena here as they do for Simon and Gigerenzer. They 
are not derived experimentally by behavioural and cognitive studies on problem- solving and 
decision making. They are, on the contrary, introduced as in Millian methodology by quali-
tative observation, intuition and analytical deduction: “A good model of bounded rationality 
should include a procedure of reasoning that ‘makes sense’ and is somewhat related to what we 
observe in real life” (Rubinstein, p. 423). What Rubinstein and Gigerenzer have in common 
is a lack of interest in the inconsistency of the model with respect to the normative aspects of 
rationality (as in the heuristics and biases approach) and prefer instead to analyse the procedural 
aspects of behaviour: “A model in which rational agents ignore some aspect of rationality is a 
bad model rather than a model of bounded rationality” (Rubinstein, p. 423).

Rubinstein’s is the fourth model of BR together with optimization under constraints, 
heuristics and biases and ecological rationality. It is the model less anchored to empirical data 
coming from the cognitive sciences. Are the first two models useful to develop BR? According 
to Clement Tisdell (Chapter 28 in this volume) and, contrary to Gigerenzer, they are:

However, it can be argued that the first set of models are relevant to the study of 
bounded rationality. They highlight limits to the neoclassical vision of unrestricted 
rationality. While their knowledge and rationality assumptions are still too strong, 
they can help to identify factors that ought to influence behaviors under conditions 
of restricted rationality. As for the second class of models (which include behavioral 
ones), most (but not all) identify limits to perceptions of states of nature and common 
faults in reasoning, both of which can be considered to be a consequence of bounded 
rationality. These classes of models (mostly behavioral economic ones) do demonstrate 
some of the limits to unrestricted rationality.

Tisdell, p. 443

The analytical and conceptual approach to economic theory of Rubinstein is also common to 
a great part of mainstream economics. Shabnam Mousavi and Nicolaus Tideman (Chapter 29 
in this volume) write: “the paradigm of mainstream economics is a coherent one built logically 
on a substantive notion of rationality, with expected utility theory as its crowning achievement” 
(p. 448). And they quote Gary Becker (1962): “Now, everyone more or less agrees that rational 
behavior simply implies consistent maximization of a well- ordered function, such as utility or 
profit.” And they add:

In this framework, an actor seeks the best or optimal outcome, and specifying the 
criteria for its existence and (preferably) uniqueness occupies theorists and modellers, 
who rely mainly on deductive methods. Issues of how to collect data to test the 
theory, or building models to achieve concrete real- world goals are usually not of 
primary concern. The search for information is also assumed to be optimal. That 
is, the rational agent uses an optimal stopping rule, continuing to calculate marginal 
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costs and marginal benefits of further search, and stops when they are equal. This is 
acknowledged to be an artificial search process, with no claim to represent the actual 
search process. Understanding reality is thus pursued through “stylized facts” instead 
of through observation.

Mousavi and Tideman, p. 448

This as- if approach that pretends to transform economics in a scientific discipline is rooted in 
how physics was developed in the twentieth century.

In Viale (1997, pp. 18– 21; 2012, pp. 179– 181), I analyse the philosophy of science followed 
by neoclassical economics:

The model is clearly based on Newtonian mechanics but it carries two serious 
drawbacks. As Rosenberg pointed out (1983, reprinted in Hausman, 1994, pp. 378– 
380), since the nineteenth century, economists have been elaborating a theory 
whose form is identical to the great theoretical breakthroughs made in science from 
the sixteenth century onwards. The strategy is to view the behaviour economists 
seek to explain as reflecting forces that always move towards a stable equilibrium, 
which maximizes or minimizes some theoretically crucial variable. In the case of 
microeconomics, this crucial variable is utility (or its latter- day surrogates) and the 
equilibrium is provided by a level of price across all markets that maximizes this vari-
able. This strategy is most impressively exemplified in Newtonian mechanics and in 
the Darwinian theory of natural selection. In Newtonian mechanics, the system’s 
behaviour always minimizes or maximizes variables that reflect the state of the system 
which is mechanically possible, while in Darwinian theory, it is the environment 
that maximizes the fitness of individuals of a species. This strategy is crucial to the 
success of these theories because of the way it directs and shapes the research. If we 
believe that a system always acts to maximize the value of a mechanical variable –  for 
example, total energy –  and our measurement of the observable values of that vari-
able diverges from the predictions of the theory and the initial conditions, we do 
not infer that the system described is failing to maximize the value of the variable 
in question. We do not falsify the theory, but we assume that we have incompletely 
described the constraints under which the system is actually operating. The axioms 
of these theories do not embody even implicit ceteris paribus clauses. With these 
theories, the choice is always between rejecting the auxiliary hypotheses and test 
conditions or rejecting the theory altogether. Hence, the only change that can be 
made to the theory is to deny that its subjects invariably maximize or minimize its 
chosen variable.

In Newtonian mechanics, attempts to describe the systems under study more 
completely resulted in the discovery of new planets and new laws, like those of 
thermodynamics. In biology, the assumption that fitness is maximized led to the 
discovery of forces not previously recognized to affect genetic variation within a 
population and led to the discovery of genetic laws that explain the persistence in a 
population of apparently non- adaptive traits, like sickle- cell anaemia. But what about 
microeconomics? The success of this strategy in other disciplines may justify the 
attempts made by economists to make recalcitrant facts about human behaviour and 
the economic systems humans have constructed fit the economic theory. Moreover, 
this strategy allows the use of many powerful formal tools, such as differential calculus, 
topology and differential geometry. But many years of work in the same direction 
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have produced nothing comparable to the physicists’ discovery of new planets or new 
technologies, or the biological understanding of the mechanism of adaptation and 
heredity. Therefore, it is time to question the merit of applying this approach to eco-
nomics, since it carries all the disadvantages of empirical non- falsifiability without the 
advantages of the discovery of novel facts and applications.

There is also another general reason “not to ape physics” that stems from a recent 
philosophical debate in physics compared with the other sciences. In contemporary 
physics, there is a trade- off between explanatory power and factual content. As pointed 
out by Cartwright (1983, pp. 135– 139), fundamental laws like Maxwell’s equations 
or Schroedinger’s equations have great explanatory power but do not describe the 
true facts about reality. The aim of these equations is to cover a wide variety of 
different phenomena with a small number of principles. If the fundamental laws set 
out to fit reality into the highly constrained structures of their mathematical formulae, 
they will have to distort the true picture of what happens. Quantum mechanics is a 
good example.9 In fact, the explanatory power of quantum theory comes from its 
ability to deploy a small number of well- understood Hamiltonians to cover a wide 
range of cases. But this explanatory power has its price. By limiting the number of 
Hamiltonians (that is the mathematical representation of the kinetic and potential 
energies of the real system), we set constraints on our ability to represent situations 
realistically and we lose the true representation of the system. In physics, if we want to 
have a realistic representation of the phenomena, we must abandon the fundamental 
laws and look at the phenomenological laws like those of Galileo, Ohm or Kepler. 
Fundamental laws usually explain phenomenological laws not in a deductive way, as 
was asserted until recently –  think of the Hempel- Popperian deductive nomological 
model –  but using a model which fits the phenomenon into the theory (Cartwright, 
1983, pp.  131– 134). This picture of science fits Friedman’s “as- if ” instrumentalist 
methodology well:  the theory is only a fictitious deductive machine to produce 
explanations and predictions. This model of science seems to work only for the fun-
damental laws of physics. If we climb up the levels of aggregation of reality, we find 
that already at the level of biology we are not able to find explanatory structures 
based on the three components –  theory, model, facts –  that are present in physics. 
Instead we find phenomenological laws with many exceptions that aim to describe 
complex phenomena. The same consideration applies a fortiori to the explanation of 
human behaviour. The great complexity and variability of behavioural phenomena 
preclude the discovery of genuine general phenomenological laws relating to par-
ticular domains of psychological reality. This absence does not allow any serious uni-
fying mathematical abstraction, comparable to that of the fundamental laws in physics, 
which has the power to explain reality at the phenomenological level. The moral is 
that instead of “putting the cart before the horse”, or in other words playing the game 
of the theoretical physicists and trying to elaborate fictitious, but useless, theoretical 
formal models of human decision- making, it would be wiser to study, patiently, the 
empirical phenomenology of human decision making and to try to elaborate some 
useful, and genuine, empirical laws that are valid, locally and contextually, for a small 
fragment of human reality.

Mousavi and Tideman (Chapter 29 in this volume) emphasize this point when they refer to the 
economists’ detachment from observed behaviour as a serious flaw in their methodology. In this 
sense they quote an interview of Simon in Challenge (1986, pp. 22– 23):



38

Riccardo Viale

38

They [economists] don’t talk about evidence at all. You read the pages where Lucas 
talks about why businessmen can’t figure out what’s happened to prices and it is just 
what he feels as he sits there smoking his cigarettes in his armchair. I don’t know what 
Keynes smoked, but when you look at the pages where he talks about labor’s money 
illusion, no evidence is cited. So the real differences in economics, as compared with 
psychology, is that almost everybody operates within the theoretical logic of utility- 
maximization in the neoclassical model.

When economists want to explain particular phenomena in the real world, they 
have to introduce new assumptions. The distinctive change in the behaviour of the 
economic actors comes from a change in the behavioural assumptions. No empirical 
evidence is given to support those changes. They emerge from the mind of the eco-
nomic theorist sitting in his armchair.

Mousavi and Tideman, p. 449

Another contribution against armchair economics and in favour of the empirical foundation 
of economic theory and research on the agents’ cognitive features comes from the analysis by 
Ignazio Visco and Giordano Zevi (Chapter 30 in this volume) on the weaknesses of rational 
expectations theory. They consider some of the links between concepts of bounded ration-
ality and the approaches followed by economists in their analysis of the role played by eco-
nomic agents’ expectations in driving the evolution of the economy through time. Visco and 
Zevi write:

Indeed, the relevance of expectations has been repeatedly underlined in macroeco-
nomic theory and policy making. However, the economists’ degree of attention on 
how they are actually formed and on how they interact with the economic observables 
has followed high and low cycles. In recent years, the increasing availability of survey 
data and the failings of models based on purely rational representative agents have 
prompted renewed interest in inquiries into the direct measurement of expectations 
and empirical studies of their formation.

p. 465

Robert Lucas introduced analytically the theory of rational expectations without caring about 
the empirical dimension of decision making. Aside from the bounded rationality features of 
economic agents, there are also other empirical data to consider. For example, learning implies 
that a rational expectations equilibrium is only one of the possible outcomes when agents con-
tinuously update their expectations based on the comparison between past expectations and 
actual realizations. Uncertainty limits the possibility of rational expectations because it does not 
allow for any form of rational prediction. Visco and Zevi write:

In line with Simon’s 1955 seminal contribution, later developed with March, agents 
use expectations based on simple heuristics as a device to willingly ignore part of the 
available information in order to reach local optima which, in this particular setting, 
beat the outcomes of fully rational choices. This strategy proves to be superior to 
more sophisticated ways of forming expectations, grounded for example in recur-
sive least squares as in mainstream learning literature, due to the highly unstable and 
uncertain, in the Knightian sense, environment.

p. 465
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What should be done in uncertain environments? Is it better to collect as much information 
as possible to reduce uncertainty or, on the contrary, is it preferable to end a costly and useless 
data collection that has no chance of increasing our knowledge of the phenomena?10 The more- 
is- more principle has been a central dogma of Bayesian rationality in dealing with uncertain 
environments. Gregory Wheeler (Chapter 31 in this volume) writes:

Lore has it that a fundamental principle of Bayesian rationality is for decision makers 
to never turn down the offer of free information. Cost- free information can only help 
you, never hurt you, and in the worst case will leave you at status quo ante. Purported 
exceptions to this principle are no exceptions at all, but instead involve a hidden cost 
to learning. Make those costs plain and the problem you face is one of balancing the 
quality of a choice against the costs to you of carrying it out, a trade- off that Bayesian 
methods are ideally suited to solve.

p. 471

The implications of this principle in economic thinking are evident:  a delay may occur in 
making the final decision if there is the opportunity to acquire some information (for example, 
from an experiment) relevant to the decision. According to Wheeler, in situations of Knightian 
uncertainty when a probability assessment does not improve after learning the outcome of an 
experiment, “the commonplace that ‘knowledge is not disadvantageous’ is false, even when the 
cost of obtaining the information is zero” (p. 474).

BR is recognized as an important feature by many heterodox approaches in economics. 
One is the new Schumpeterian programme of evolutionary economics. According to Richard 
Nelson (Chapter 32 in this volume), there are at least three BR factors that are fundamental 
for evolutionary economists: (1) it is important to distinguish between choice contexts which 
are familiar to the economic actor and who responds to them more or less automatically, and 
contexts that induce the actor to engage in serious contemplation of alternatives; (2)  it is 
important to recognize that actors differ in the capabilities that they bring to various choice 
contexts; and (3) it is important to relate the perceptions of individual actors about the contexts 
they face, the courses of action that they understand and are competent to employ, and their 
judgements about which of these actions are appropriate and likely to be effective, to the beliefs 
and understandings and know- how of the broader community of which the actor is a part. 
An important feature that connects evolutionary economics to ecological rationality is the 
function of routines. In stable environments when actors have time to learn the kind of actions 
that work, they tend to perform these actions automatically. There are routines that work in 
an organization as well as in consumer behaviour. For example, pricing routines for household 
shopping and firms are mostly automatic. Nelson writes:

Viable routines generally have a reasonable amount of flexibility built into them to 
enable them to adjust to the kind of variable circumstances that are to be expected 
in the broad context where they are operative. Household shopping routines need to 
be sensitive to what is and is not available at the store, and to some degree to prices. 
Firm pricing routines need to take costs into account. But my argument is that in 
established shopping routines these adjustments generally are made relatively rou-
tinely. There may be some conscious consideration of alternatives, but so long as the 
context remains in the normal range, wide search and intensive deliberation are highly 
unlikely. Similarly, the pricing routines of firms almost always are sensitive to costs, 
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with much of that sensitivity, if not necessarily all, built into a formula used relatively 
routinely.

p. 487

He proposes a decision- making model that is very close to ecological rationality. And in 
fact he uses the term “adaptively responsive” to denote the sensitivity of routines to broadly 
experienced and thus anticipated variation in the details of the context that invokes their use.

The evolutionary economics approach is very sympathetic to BR. Since its focus is on 
innovation, technical change, dynamics and uncertain environments, it has always criticized 
the normative static dimension of economic rationality. Like Richard Nelson, Giovanni Dosi, 
Marco Faillo and Luigi Marengo (Chapter 33 in this volume) take a step forward in criticizing 
the “enchanted” BR of behavioural economists like Kahneman and Tversky. They conclude:

A multi- millennial tradition of Western thought has asked “How do people behave?” 
and “How do social organizations behave?”, from Aristotle to St Augustin, Hume, 
Adam Smith, Kant, to name just a few giants. However, modern economics –  and, 
more recently, social sciences colonized by modern economics –  have taken up the 
answer by one of the shallowest thinkers, Bentham: people decide their courses of 
action by making calculations on the expected pleasures and pains associated with 
them. And, indeed, this Weltanschauung has spread all the way to the economics of 
marriage, of child bearing, of church going, of torture … Our argument is that the 
Benthamian view is misleading or plainly wrong concerning the motivations, decision 
processes and nature of the actions. First, the drivers of human motivation are many 
more than one. As Adam Smith masterly argues in his Theory of Moral Sentiments, 
utility (what he called “prudence”) is just one of them, and in a lot of social contexts, 
not the most important one. Second, the decision processes are very rarely explicit 
calculations and comparisons of outcomes. Third, the ensuing decisions very seldom 
look like a “rational” (“as…if”) outcome of the foregoing decision processes, even 
when the latter would be possible to calculate. And in the real word, complex and evolving 
as it is, they rarely are. In such circumstances, we suggest, a positive theory of indi-
vidual and collective behaviours has to entirely dispose of the max U(…,…, …) appar-
atus, either as an actual descriptive device, and as a yardstick, whatever that means. 
If we are right, then also relaxations of the paradigms involving varying degrees of 
“bounded rationality” in the decision process and an enlargement of the arguments 
in the utility function (e.g. adding “intrinsic motivations”, or even “altruism”) are 
quite misleading. They are a bit like adding epicycles over epicycles in a Ptolemaic 
astronomy. The radical alternative we advocate is an anthropology of a homo heuristicus 
…., socially embedded, imperfectly learning in a complex evolving environment, and 
with multiple drivers of his actions.

p. 501

Part VI Cognitive organization

Herbert Simon introduces the conceptual premises of BR in his PhD thesis in political science. 
Administrative Behaviour (1945) is the book based on his PhD thesis that started a new chapter 
in the theory of organization, management, public administration and policy. BR is a fun-
damental concept that explains how individual decision making gives rise to organizations 
and how institutions constrain individual decisions. In particular, it is evident that, in public 
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administration and policy making, the complexity of choices and the overload of information 
are the determinants of the organizational and institutional changes that aim to adapt to the 
environment through specialization and differentiation. How does an organization adapt to 
the external environment? Through an internal differentiation of tasks similar to the problem- 
solving models that envisage breaking down problems into sub- problems. Massimo Egidi and 
Giacomo Sillari (Chapter 34 in this volume) write:

Simon identified the main characteristics of managerial decision making by analysing 
the structure of the organizational process. He recognized that the core of every 
organization is the pattern of division of tasks and their coordination. The organiza-
tion is thought of as a goal- oriented structure based on internal tasks that must be 
coordinated in order to achieve the organization’s overall objectives. Behavior within 
organizations is thus goal- oriented, and goals are by and large complex and hier-
archically structured, as many intermediate sub- goals need to be realized, often in 
a specific order, for the final goal to be achieved. The dynamics of organizational 
decision- making may therefore be very complex, presenting two main aspects. First, 
goals are often defined in very general and ambiguous terms, thus necessitating con-
tinuous revising of the sub- goals’ hierarchy. Second, hidden conflicting objectives can 
be unearthed during various organizational decisions, and this may, again, make it 
necessary to revise both sub- goals and their hierarch.

p. 509–510

How do organizational structure and problem solving relate to bounded rationality? Egidi and 
Sillari write:

Indeed, in 1956, Cyert, Simon and Trow carried out an empirical analysis of man-
agerial decision contexts that highlighted how search and learning were at the core 
of human rationality. The study revealed an evident “dualism” of behavior: on the 
one hand, there is behavior guided by a coherent choice among alternatives typ-
ical of structured and repetitive conditions; on the other, behavior characterized by 
highly uncertain and ill- defined conditions, where the predominant role was played 
by problem- solving activities. The dualism between repetitive and well- known deci-
sion contexts and ill- defined decision contexts proved to be a key distinction for our 
understanding of decision processes. In situations of the former kind, it highlights 
the process of decision- making routinization. In the latter, the necessary conditions 
for applying standard rational choice theory are lacking, and the most important 
decision process is the ability of the subjects to formulate and solve problems. This 
suggests that the real restrictions on rational decisions happen during the process of 
construction of the context of the decision. The notion of bounded rationality refers 
mostly to these conditions, and hence it is implicitly intertwined with the notion of 
problem solving.

p. 511–512

One of the features of bounded rationality in organization is attention. From different points of 
view, an organization can be regarded as the answer to the limits and the constraints of human 
attention processes. The organization’s hierarchical structure, communication channels, agenda 
of priorities and performance evaluation can be viewed as a recursive product of selective 
attention. As is known, attention is linked to the limits of executive memory and to the related 
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computational processes that can only focus on limited information at a time. Inga Jonaitye and 
Massimo Warglien (Chapter 35 in this volume) write:

The allocation of attention is commonly seen as a fundamental problem for 
organizations … Developing Barnard’s … intuition that “narrowing choice” is a 
central function of executive decisions, Simon … early on identified the process of 
directing and channeling managers’ attention as a key function of organizations … 
The foundations for such perspectives rely on the central role that limited attention 
provides in defining bounded rationality … The “limits” of decision- making ration-
ality are to a large extent the results of the attentional bottleneck …

p. 522

For Simon, March and Cyert, decisional constraints and the division of tasks create a close 
connection between attention and organizational sub- goals. Since individuals cannot pay 
attention to all the organizational problems in parallel, there is a need for an internal organiza-
tion of attention allocating each problem or part thereof to different individuals, for the pur-
pose, however, of ultimate coordination. Two interesting organizational models explicitly refer 
to attention. Jonaitye and Warglien write:

The garbage can model … explores its coordination implications in non- routine deci-
sion making. Taking a radical departure from traditional models of organizational 
decision making, the garbage can model explores “organized anarchies” in which 
preferences are problematic, technologies are unclear, and participation is fluid … The 
second model was introduced by Ocasio … as the attention- based view of the firm 
(ABV). Ocasio describes organizations as systems of structurally distributed attention 
and defines attention as a cognitive process that encompasses the noticing, encoding, 
interpreting, and focusing of time and effort by organizational decision- makers on 
issues and answers.

p. 523–524

No rational choice theory is able to explain or prescribe proper policy making and organiza-
tional development. On the contrary, bounded rationality emphasizes the adaptive model-
ling of successful organization and policy making that do not follow any optimal rules other 
than the recursive adaptation to the ever- changing and uncertain environment. Heuristic 
decision making seems the best way to cope with the goal of successful adaptation and eco-
logical rationality. Torsten Reimer, Hayden Barber and Kirstin Dolick (Chapter 36 in this 
volume) exemplify the adaptive dimension of bounded rationality by a funny story about 
the Beatles:

Like many teenage boys in Liverpool in 1960, John Lennon and Paul McCartney 
wanted to start a rock band. However, as their fledging band went from record com-
pany to record company with their manager Brian Epstein, it became clear: Britain 
was getting tired of rock and roll … On the other hand, America at that time had 
never seen anything like the Beatles. The Beatles received a very different reaction in 
the US than in Britain … It was not just the Beatles, but the pairing of the Beatles 
with a particular time and place that made their music so successful. The story of 
the Beatles points to an important aspect of the bounded rationality of groups and 
teams: The success or failure of a group cannot be understood without looking at the 
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environment in which the group is embedded. The same strategy and behavior may 
be successful in one environment but result in a failure in another environment.

p. 535

How can the role of adaptation be studied in group decision making? Group research that 
subscribes to the approach of bounded rationality focuses on the match between group strat-
egies and characteristics of both the information and social environment. Historically, group 
research has often focused on group performance and productivity. The history of group 
research using outcome and performance measures is, by and large, a history of demonstrating 
group failure. This kind of result seems to be based on information environments that have 
been used in laboratory experiments. It may well turn out that several process losses that are 
described in the literature reflect group behaviors that are functional in many environments. 
It is the match in strategy and environment that leads to successful group outcomes. Reimer, 
Barber and Dolick presented research on hidden profiles that provides evidence for that claim.

The architecture of choice inside the organization is an old Simonian concept. Simon 
believed that organizations can place members in a psychological environment that will provide 
them with the information needed to make decisions correctly. Ian Belton and Mandeep Dhami 
(Chapter 37 in this volume) write: “organizations can establish standard working practices, train 
individuals, and structure the work environment so that it encourages rational thinking and 
consistency or regularization of practice” (p. 549). In their chapter, they evaluate the solutions 
that a particular kind of organization, the intelligence analysis organization, has offered to 
combat cognitive bias in their intelligence analysts. They identify the cognitive biases that 
may affect the practice of intelligence analysis and review debiasing strategies preferred by the 
intelligence community as opposed to those developed and tested by psychological research. 
However, they refer to mainstream behavioural economics and therefore do not differentiate 
between adaptive and non- adaptive heuristic decision making. In analysing the adaptive aspect 
of decision making, they have recognized that many biases are not really errors but the best 
possible ways to solve problems in uncertain environments such as the subject of intelligence 
analysis. For example, they quote fluency as a bias, whereas fluency is often an effective heur-
istic tool in uncertain environments such as international political situations. In any case,

Psychologically informed and empirically tested debiasing interventions often focus 
on improving an individual’s ability to identify tasks/ situations where an intuitive 
response is likely to be biased, so that they can override their intuition with an appro-
priate deliberative strategy. Typically, interventions of this kind involve training or 
instruction that aim to increase understanding and awareness of cognitive biases. 
Other debiasing interventions aim to fill mindware gaps by teaching relevant rules 
(e.g., probability or logic), or specific strategies to use in a given task. Finally, some 
debiasing interventions involve restructuring the task environment to reduce biased 
behavior, either by encouraging more deliberative thinking or by inducing unbiased 
intuition.

Belton and Dhami, p. 553

Part VII Behavioral public policies: nudging or boosting?

The architecture of choice is present in Herbert Simon’s cognitive theory of organization. The 
same concept seems to inspire his political science analyses when he refers to the bounded 
rationality of government and citizens. In this sense, for Simon, bounded rationality and the 
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foundation of behavioural economics may be considered the precursors of recent theories on 
the behavioural economics approach to public policy. In particular, Richard Thaler and Cass 
Sunstein (2008) have recently introduced a particular behavioural approach to public policy 
known as nudge or libertarian paternalism. A public policy intervention is classified as a nudge 
when it is not a coercive measure, retains freedom of choice, is based on automatic and reflex 
responses, does not involve methods of direct persuasion, does not significantly alter economic 
incentives, and revises the context of choice according to the discoveries of behavioural eco-
nomics (Sunstein, Chapter 38 in this volume; Oliver, Chapter 39 in this volume). What is 
proposed is therefore a form of libertarian paternalism that has a dual valency. As paternalism, it 
aims to make up for citizens’ irrational and self- harming tendencies by “gently nudging them” 
to decide rationally for their own good. In its libertarian form, it aims to give the last word to the 
outcome of the conscious and deliberative processes of the individual citizen who can always 
choose to resist the nudge (Sunstein, Chapter 38).

Thaler and Sunstein’s thesis is that citizens are subject to many deviations of rationality 
that bring them to make a decision that is against their own interests. This widespread 
irrationality is provoked by the automatic judgement and decision- making behaviour enabled 
by heuristics. In this way, the individual is incapable of following a series of basic principles 
of rationality at a probabilistic and logical level. By doing so, he makes the wrong choice 
and goes against his own interests.11 Thaler and Sunstein’s theses derive in part from the pro-
gramme of behavioural economics commenced in the post- war period by Herbert Simon 
and continued in the 1970s by Daniel Kahneman, Amos Tversky and their School. However, 
their approach is based on a controversial concept of bounded rationality focused only the 
study of the correspondence between judgement and decision- making performance in tests 
and laboratory simulations and canonical models of probabilistic and deductive rationality. 
It therefore highlights a constant and systematic irrational misalignment between behaviour 
and norm. The Behavioral Economics Nudge approach discounts a series of weaknesses 
in various analytical dimensions of an epistemic, epistemological, methodological and eth-
ical nature (Viale, 2018). As is clear from the Simonian framework and from subsequent 
developments (Gigerenzer, Chapter 2 in this volume), there are some attributes of the con-
cept of bounded rationality that contrast with the current approach of behavioural eco-
nomics that inspired Nudge theory. This is not a rationality that is interested in questions of 
formal coherence, but rather in the question of ecological adaptation to the environment of 
choice and problem solving. It centres on the procedural and realistic attributes of ration-
ality and not on instrumental and conventionalist ones. It recognizes that the complexity of 
the real environment of choice brings the player face to face with decisions in conditions 
of uncertainty (for example, “ill- structured problems” such as financial markets or political 
forecasting) rather than risk (for example, “well- structured problems”, such as dice throwing 
or chess) (Viale, forthcoming).

The relation between bounded rationality and libertarian paternalism is controversial. For 
example, in Chapter 39, Adam Oliver writes:

Underpinning libertarian paternalism is the assumption that of the many decisions 
that each of us make quickly and automatically each day –  decisions that are guided 
by simple rules of thumb (i.e., the heuristics famously associated with Herbert 
Simon …) and influenced by various innate behavioural influences (e.g., present 
bias, loss aversion) –  a few will lead us to act in ways that if we deliberated a little 
more, we would prefer not to do (e.g., present bias might lead us to eat more 
doughnuts than we would ideally consume if we thought about our decisions a little 
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more). It is noteworthy that these heuristics may have evolved because most of the 
time they guide us efficiently through our daily lives … but the basic idea in liber-
tarian paternalism is that with knowledge of the behavioural influences, the “choice 
architecture” (i.e., the context or environment) that people face can be redesigned 
such that their automatic choices are even more likely to better align with their 
deliberative preferences.

p. 571

Oliver’s model of bounded rationality clearly emerges from the heuristics and biases tradition 
of Kahneman and Tversky. People are limited in their rationality and their biases may generate 
negative internalities. Therefore, libertarian paternalism should help to improve internalities. 
In his chapter, Oliver proposes to take this approach one step forward towards “a political 
economy of behavioural public policy that sits alongside the liberal economic tradition of 
John Stuart Mill, albeit being somewhat more interventionist than Mill would have allowed” 
(p. 570). In other words, he supports a view that focuses also on social negative externalities 
caused by biases, errors and free- riding behaviour. He proposes a view that aims to improve 
social externalities and not only internalities. The political economy of behavioural public 
policy proposed by Oliver “has two arms:  to nurture reciprocity so as improve the stock of 
human flourishing, and to regulate against harm- inducing egoism to protect the capacity of 
people to flourish as they themselves see fit” (p. 576).

Nathan Berg (Chapter 40 in this volume) proposes a series of arguments that undermine 
the theoretical foundation and ethical and social consequences of nudge. For example, the 
important feature of diversity and heterogeneity –  which is fundamental to generate know-
ledge, creativity, innovation, social change –  is undermined by homogeneous goals of nudge 
policy making. Berg writes: “If populations respond to nudges as they are designed to and bring 
the population’s profile of beliefs and behaviors into closer conformity, then multiple benefi-
cial streams of belief and behavioral heterogeneity also risk being reduced” (p. 580). “There are 
risks and unintended consequences from policies that reduce heterogeneity, especially pater-
nalistic policies motivated by the goal of ‘correcting’ alleged ‘bias’ with respect to prescribed 
beliefs and behaviors” (Berg, p. 580). Furthermore, why nudge people to correct their biases? 
The reasons behind this paternalistic policy- making programme are untenable. The propensity 
to violate the axioms of rationality in uncertain environments is not pathological but adaptive. 
The “behavioural law and economics” that justify the paternalistic aims of nudging are valid 
only in risky environments and not in uncertain ones. Berg writes:

There is an alternative behavioral law and economics research program based instead 
on the insights of Herbert Simon. Well- performing individuals and organizations 
equip themselves to adapt to unstable and complex reward- generating environments 
by utilising decision processes that sometimes violate axiomatic logical consistency. 
When well- matched to the environment in which they are used, logically incon-
sistent decision processes— as well as beliefs and actions that deviate from economists’ 
prescriptions— can be purposeful, in addition to providing both individual and 
external social benefits. Analogous to biodiversity, when heterogeneity of beliefs and 
decisions generates positive externalities, it should be considered a public good. The 
risk of encroaching on this heterogeneity (inadvertently inducing behavioral and 
belief monocultures) is worthwhile to consider in social- welfare analyses of nudging 
and other paternalistic policies.

p. 583
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Decision making may be adaptive –  that is, ecologically rational –  if it generates a reward from 
the environment. Berg writes:

One theme in the ecological rationality research program is to clearly define sets 
of reward- generating environments and performance metrics with respect to which 
a given decision process performs well. Another theme relevant to Simon- inspired 
behavioral law and economics is how law and regulation, in effect, can construct an 
environment where a heterogeneous ecology of decision rules employed by many 
different individuals can perform well, by an appropriately specified aggregation rule 
or social welfare function.

p. 581–582

Finally, the impact of bounded rationality is found also in supporting “satisficing” policy 
making. Let us consider a society of “satisficers” vs. a society of “optimizers”. The former 
requires less paternalistic and costly policies. Satisficers are free to decide without any coer-
cive normative best choice canons. On the contrary, in the latter, behavioural economics 
concerns a society of optimizers who do not fall into bias errors and are nudged towards 
optimal rational choices. The implied paternalistic policy making is obviously much stronger 
and costly.12

Zachary McGee, Brooke Shannon and Bryan Jones (Chapter  41 in this volume) write 
that one of the first sets of scholars to implement bounded rationality as a microfoundation 
of political science were scholars studying public budgets. “Budgetary considerations are suit-
able subjects for exploring institutional decision making, since there is a clear budgetary pro-
cess, mimicking the policy process itself ” (McGee, Shannon and Jones, p. 602). Budget policy 
requires various decision- making phases: “In the pre- decision- making phase, even preceding 
agenda setting, elites identify problems and then are able to offer solutions. When problems 
are identified, they are placed on the agenda, and then solutions can begin to be sought and 
offered” (McGee, Shannon, and Jones, p. 603). Budgets are a consistent example of trade- offs 
and outputs characteristic of bounded rationality and the information- processing abilities of 
individuals and institutions.

They inherently hold prioritization of issues and values, and reveal the capacity 
for attention in policy makers. The institutional constraint on policy makers in 
Washington for budgets is strong, as interest groups, rival parties, and a scarce amount 
of resources frame the debate and compromise prior to policy output, two parameters 
for the budgetary process.

McGee, Shannon, and Jones, p. 603

Behavioral rationality acknowledges that individuals and institutions have similar characteristics:

While both individuals and institutions work towards fulfilling their agendas and are 
goal- oriented, their goals are impeded by a limited capacity for processing infor-
mation. Since attention- space is limited, agendas must be set to change policy on 
the most pressing issues first in case time expires before reaching the end of the 
agenda. These shared characteristics make policy change not incremental, but instead, 
in bursts.

McGee, Shannon, and Jones, p. 603
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Information processing provides easy links between individual and organizational choice:

Information processing, in the broadest sense, examines the supply and prioritiza-
tion of information. Usually congressional committees will receive information and 
incrementally adjust the policies they deal with. Sometimes, however, new infor-
mation or shifts in issue definitions might cause rapid changes in the problem and 
solution definitions. These changes can result in rapid changes in the proposed policy 
solutions. Taken together, these conditions are known as the general punctuation thesis 
… Information is not scarce within government; in fact, information is in oversupply. 
This oversupply of information leads actors to be overwhelmed by their choice envir-
onment. To deal with the oversupply, they must winnow out the information that is 
not useful; this winnowing process is boundedly rational. How actors search for and 
weight the information they receive (e.g. members in a committee hearing) is cru-
cial to whether or not a policy problem is resolved or a specific solution is chosen. 
Ultimately, the decisions made about what information is important are agenda- 
setting decisions. Therefore, to think about agenda setting, attention allocation, or 
information processing is to confront bounded rationality and its influence on the 
policy process literature.

McGee, Shannon, and Jones, p. 607

Chapter 42 by Valentina Ferretti outlines three examples of multi- methodology boosts designed 
to support three key stages of the decision- making process: (1) the framing of the problem/ 
opportunity to be addressed; (2) the expansion of the original decision makers’ mental model 
about the objectives to be achieved; and, finally, (3)  the elicitation of preferences about the 
worthiness of the performances of the alternatives.

There are three common denominators to the behavioural decision analysis interventions 
discussed in her chapter:

First, multi- methodology boosts require time and facilitators skilled in multiple 
methods. Second, a key advantage of the proposed boosts is their applicability to 
many different domains. Third, they stretch the bounds that the uncertain and often 
constrained external environment places on human rationality, thus mitigating some 
of the associated cognitive consequences such as poor framing of decisions, insuf-
ficient thinking about relevant objectives and scope insensitivity. In particular, the 
presence of limited information on alternatives and their consequences can be tackled 
through informed value judgments supported by the integration of sound preference 
elicitation protocols and visualization analytics, as well as through thought- provoking 
questions to expand the set of objectives and create better alternatives.

Ferretti, p. 622

The techniques proposed in this chapter should thus be considered as “process boosts” and in 
particular as “framing boosts” and as “preference elicitation boosts”, which could be added to 
the first taxonomy of long- term boosts proposed by Hertwig and Grune- Yanoff (2017), i.e., 
risk literacy boosts, uncertainty management boosts and motivational boosts.

One of the neoclassical economics- informed policy recommendations to protect the con-
sumer is to supply most of the information available to allow them to choose from among 
many difference options. Many governments around the world follow this recommendation 
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that is aimed to reduce information asymmetry and to overcome market failures. Unfortunately, 
though, too much information can cause information and choice overload, which have nega-
tive consequences on the accuracy of decision making and on the emotional state of the deci-
sion maker. Chapters 43 and 44 by Elena Reutskaja, Barbara Fasolo, Raffalella Misuraca and 
Sheena Iyengar summarize evidence collected by researchers for more than half a century on 
the topic of information and choice overload, exploring how people deal with large amounts 
of information and how they make choices from sets with multiple alternatives:

Although economics and psychology have both traditionally emphasized the benefits 
of more information and more choice, a sizable body of research has demonstrated that 
having too much information or too many choices can lead to negative consequences. 
Researchers have found that too much information and choice hinders information 
processing and usage, motivation to act, and quality and accuracy of decisions, and 
that it also negatively impacts affective states of the decision makers. All in all, empir-
ical evidence suggests that both too little and too much choice and information are 
“bad” and there is a “golden mean” of how much choice is enough. However, the 
optimal information and choice offering is not universal and depends on a vast variety 
of contextual and individual factors.

Reutskaja, Fasolo, Misuraca, and Iyengar, p. 633

The results of these studies provide policy makers with some useful bounded rational advice: make 
the citizens’ context of choice as transparent and simple as possible. Information should be 
limited and relevant to allow citizens to make better political, social and economic decisions. 
In an interview in Pittsburgh, Herbert Simon was asked whether simple decision making could 
be achieved by reducing the presentation of alternatives. His response was: “Partly. I think the 
difficulty of decision making centers very much around the degree of uncertainty and the gaps 
in our knowledge.” Moreover, Simon (1971, p. 40) put it:

In an information- rich world, the wealth of information means a dearth of some-
thing else:  a scarcity of whatever it is that information consumes. What informa-
tion consumes is rather obvious: it consumes the attention of its recipients. Hence 
a wealth of information creates a poverty of attention and a need to allocate that 
attention efficiently among the overabundance of information sources that might 
consume it.

Smart and ethical choice architecture should direct and preserve decision makers’ attention and 
respect decision makers’ freedom. How we manage our attention in our ever more information- 
rich world will ultimately dictate our future.

To conclude, a real libertarian paternalism, according bounded rationality, is aimed to supply 
the cognitive and educational tools to people to better process information and to improve 
their deliberate problem solving in the large world. In other words, to increase their ecological 
rationality. Therefore, the only justified libertarian paternalisms seem to be the cognitive and 
the educational ones (Viale, 2019; forthcoming). Both aim at empowering the citizens’ decision 
making. Cognitive paternalism aims to help citizens neutralize their errors, increasing the envir-
onmental feedbacks of their choice, structuring and simplifying the complex structure of tasks 
and filling the gap between the contingent utility of their choice and their future utility and 
well- being. Educational paternalism aims at supplying knowledge and skills that change not only 
the performance but also the autonomous competence of the decision maker. This applies, for 



49

Why bounded rationality?

49

example, to financial, health and environmental education or the teaching of risk literacy and 
heuristic decision making.

It is important to consider how to help human reasoning. For example, the mind’s statis-
tical reasoning processes evolved to operate on natural frequencies and Bayesian computations 
are simpler to perform with natural frequencies than with probabilities. It is well known that 
if information is presented as the outcome of learning from experience, known as natural fre-
quencies, and not as conditional probabilities, the proportion of people reasoning by Bayes rule 
increases a lot. Statistics expressed in terms of natural frequencies improve Bayesian inferences 
in finance as in many other kinds topics. Therefore, a bounded rationality- inspired architecture 
of choice (BRAN Bounded Rational Adaptive Nudge, in Viale, 2017; forthcoming) should 
change information formats in probabilistic reasoning from probabilities to natural frequencies. 
The importance of nudging people by the natural frequency format to reason correctly in stat-
istical tasks is crucial in many environments. In particular, the frequency format improves the 
statistical and the Bayesian reasoning in many financial and medical judgements to correctly 
predict, for example, the probability of a disease according to prior probability and new evi-
dence (supplied, for example, by a test with some false positives) or the probability of a fall of 
a Stock Exchange according to prior probability and new evidence (the bankruptcy of a big 
global bank). The same argument can be applied to many public policies with dramatic future 
implications for human life such as financial defaults, natural disasters, terrorist attacks, micro 
criminalities, epidemics, but also quieter social phenomena where people have prior probability 
and some new evidence, such as the choice of a bank in relation to various rankings or the 
choice of a university for their son in relation to the labour market or the choice of a hospital 
for a surgical operation in relation to the success rate of similar medical institutions.

This topic is related to another important component of cognitive libertarian pater-
nalism:  how to increase the knowledge of feedback from our choices. One of the reasons to 
increase the feedback is not only that we can learn from our errors and not to fall another 
time in the same choice. It is also that we can improve inductively our theories of the world. 
That is, we can improve our prediction on future states of the world, for example, our future 
choice of an investment or of a party or of a school. In the experiments on Bayesian learning, 
people learn probabilities from experience and are subsequently tested as to whether they make 
judgements consistent with Bayes’ rule. Often the tests are successful. Therefore, many cogni-
tive scientists conclude that people’s judgements are largely consistent with this theory. This 
kind of test is the cognitive justification for an ecological rational role of the nudge that manages 
to increase the knowledge of the feedback from people’s choices.

It seems possible also to design ecologically sound mapping of choice for future welfare. For 
example, when an individual has to make a choice about different mortgages or credit 
agreements, it is possible to simulate future simple environments with few cues in frequency 
formats (for example, the monthly rate) and ask him or her to imagine that situation. In this 
case, the attempt is to create a situational rationality dimension and to trigger embodied cog-
nition aspects of the choice. This situation would allow him or her to better understand the 
future effects of his or her choice, trying to make subjective present utility converge with future 
utility. In other words, this architecture of choice should foster people’s competence to vary 
their sense of psychological connectedness, that is their sense of connection with their future 
self. In the context of saving, this could mean that the more aware someone is of being the 
future recipient of today’s savings, the more prepared that person will be to save for retirement. 
In some experiments, participants who interacted with their virtual future selves, and pre-
sumably overcame disconnectedness, were more likely to accept later monetary rewards over 
immediate ones.
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Another proposal of cognitive paternalism is designing environments that nudge the util-
ization of a proper suitable heuristic. It is possible, for example, to design an environment 
that exploits so- called social intelligence by relying on heuristics designed for social information. 
Imitate- the- successful heuristic, for instance, speeds up learning of cue orders and can find orders 
that excel take- the- best’s validity orders. Other heuristics include imitation heuristics, tit- for- tat, 
the social- circle heuristic, and averaging the judgements of the others to exploit the “wisdom of crowds” 
(Gigerenzer and Gassmaier, 2011).

Simplifying and structure complex choice is also a good challenge for BRAN heuristic choice. 
For example, trying to make choices in environment that present high redundancy and vari-
ability in weights of their structure. High redundancy means structure where cues are highly 
connected (for example, the market value of a business). High variability means structure where 
there is great difference in weight between some cues and the others (for example, the weight 
of APRC13 compared to other information in the choice of a credit contract). In this struc-
ture, when there is also high uncertainty, it is likely that one- reason decision making as take- the- best 
heuristic is able to allow successful inferences that can be superior to those based on algorithms 
such as classification and regression tree or conjoint analysis. In most of the choices linked 
to your well- being, such as finance, education, health, food, consumption goods, housing, 
and so on, you have to search for more than one cue. In these cases also, you may follow a 
sequential heuristic that is based on one- reason decision making. An example is elimination by 
aspects of lexicographic heuristics to nudge proper choices in a large world. How? Structuring, for 
example, with proper software the information given to families, by fast- and- frugal trees in which 
is incorporated the lexicographic logic. This is the typical non- compensatory strategy for 
choosing in an ecological rational way. In this strategy, people order the cues relying on recall 
from the mental sample. A person does not need to learn cue orders individually but instead can 
learn from others, such as through teaching and imitation (Gigerenzer and Gassmaier, 2011). 
This is an example of BRAN nudges.

To conclude, by fostering an inspired educational libertarian paternalism, competence in 
risk literacy, in uncertainty management and in managing motivations and cognitive control 
should be boosted (Hertwig and Grune- Yanoff, 2017; 2020) with:

 1. The first competence is about understanding statistical information. This competence can 
be achieved through (Hertwig and Grune- Yanoff, 2017):  (a) graphical representations; 
(b)  experience- based representations as opposed to description- based representations; 
(c)  representations that avoid biasing framing effects relying, for example, on absolute 
instead of relative frequencies; and (d)  learning how to transform opaque representation 
(e.g., single- event probabilities) into transparent ones (e.g. frequency- based representations).

 2. When people have no access to actuarial information, they should make decisions under 
uncertainty, with no explicit risk information available. This is the case of most decisions 
in the world of finance. The competence for uncertainty management fosters proced-
ural rules for making good financial decisions, predictions and assessments under uncertain 
conditions with the help of simple rules of collective intelligence:  fast and frugal trees; 
simple heuristics; rule of thumb and procedural routines (Hertwig and Grune- Yanoff, 
2017; 2020). For example, Drexler et al. (2014) found that providing microentrepreneurs 
with training in basic accounting heuristics and procedural routines significantly improved 
their financial practices and outcomes. The impact of rule- of- thumb training was signifi-
cantly greater than that of standard accounting training.

 3. People often lack self- control and have weak attention during financial decision making. 
The results are often suboptimal. An educational libertarian paternalism may foster the 
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competence to autonomously adjust one’s motivation, and cognitive control in deci-
sion making through growth- mindset or sense- of- purpose exercises; attention state 
training; psychological connectedness training; reward- bundling exercises; the stra-
tegic use of automatic processes and harnessing simple implementation intentions; 
and training in pre- commitment strategies and self- control strategies (Hertwig and 
Grune- Yanoff, 2017).

Notes
 1 How to identify why- questions? Consider the stock example: (*) Why did Adam eat the apple? The 

why- question asked by (*) is determined by:

(1) A Topic: a proposition expressing the fact whose explanation we are asking. (e.g., in the case of (*), 
that Adam ate the apple). Neither having the same topic nor being expressed by the same sentence 
constitutes a criterion of identity for why- questions. In other words, the same sentence can express 
different why- questions. For Van Fraassen, there are various ways in which this can happen. This 
leads him to bring in two more contextual factors:

(2) A Contrast Class: a set of propositions, including the topic, that determines the range of alternatives 
against which a why- question is asked. For example, Why did Adam eat the apple (as opposed to 
Eve)?, why did Adam eat the apple (as opposed to, say throwing it away because it was old)?, why 
did Adam eat the apple (as opposed to the oranges, the grapes, etc.)?

(3) A Relevance Relation:  “a respect- in- which a reason is requested”. An example of how 
(3) discriminates among different why- questions: consider the question ”Why was Mr. Jones killed 
by his wife?”. On a natural understanding, it is irrelevant to answer ”Because she stuck a knife in 
his throat, thereby causing such and such events that led to Mr. Jones’s death”.

 2 In the past, it was believed that man was a rational animal because his reasoning was thought to comply 
aprioristically with the precepts of classical logic. The answer to question 2 was therefore taken as 
being non- problematic and established a priori within the terms of a positive response to question 
3. What seemed to be merely a conjecture which could explain the reason for this belief in the ancients 
instead now seems to reveal a widespread prejudice even among the most sophisticated and modern 
psychologists. Even a demolisher of rationalistic certainties like Phil Johnson- Laird justifies, in a some-
what aprioristic way, human logical rationality (also if not in the sense of classical logic, but in that of the 
psychological theory of “mental models”) by stating “that if people were intrinsically irrational, then 
the invention of logic, mathematics, and much else besides, would be inexplicable” (Johnson- Laird, 
1983, p. 66).

 3 I call this proposal Minimal Dual Account of Mind (Viale, 2019).
 4 As will be noted later, the theory of mental dualism has attracted some criticism (Kruglanski and 

Gigerenzer, 2011; Viale, 2019) and the unified account of the human mind appears to have become a 
more credible alternative.

 5 Sloman’s (1996) Criterion S is met when a person simultaneously holds two contradictory beliefs. The 
idea is that this occurs when the associative and rule- based systems arrive at conflicting responses to a 
situation.

 6 Science aims to transform large world problems into small world problems and solutions. This is 
possible only when large world problems are characterized by epistemic uncertainty and not by 
fundamental or ontological uncertainty. The first kind of uncertainty occurs when, ideally, empir-
ical research and the collection of data are able to supply statistical figures that characterize relevant 
variables, their consequences and probabilities. The second kind of uncertainty deals with events 
that empirical research is not able to represent probabilistically because of complexity or unpredict-
able surprises. The first kind of uncertainty usually applies to most biomedical research (for example, 
trials for a new drug) whereas the second applies to macro- political, environmental and financial 
phenomena (for example, the prediction of a financial crisis). For example, Covid- 19, like any other 
infection, is typically characterized by epistemic uncertainty. In a few years biomedical research will be 
able to define its viral behaviour and possible treatments (ceteris paribus with likely mutations). On the 
contrary, financial markets are typically characterized by ontological uncertainty. No- one may predict 
their future behaviour.
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 7 According to authors such as Dreyfus (1992) and Winograd (1984), no computational device can 
imitate the human singularity of being situated in the world. Therefore, the project of Artificial 
Intelligence is doomed to failure.

 8 It is not clear what is the difference for Rubinstein between a story and a model. In philosophy of 
science, stories and models are often considered similar. According to Alan Gibbard and Hal Varian 
(1978), a model is similar to a story. As in a caricature, it emphasizes and exaggerates some special 
features and neglects other features that are closer to the real phenomenon.

 9 The central principle is Schroedinger’s equation. This equation describes how systems subject to 
various forces evolve in time, but in order to know the evolution of a real system, we also need to 
know the mathematical representation of the kinetic and potential energies of that real system. This is 
called Hamiltonian representation. In principle, if we wanted to have a realistic picture of the various 
systems, we ought to calculate a Hamiltonian representation of each real system we wish to study. 
Instead, if we look at physics text- books, we discover that they contain only a limited number of 
Hamiltonians, which do not fit real objects, such as the hydrogen atom, but only highly fictionalized 
objects, such as free particle motion, the linear harmonic oscillator, piecewise constant potentials, 
diatomic molecules, central potential scattering, and so on.

 10 I refer to ontic or structural uncertainty that is characterized by unpredictability. In situations 
characterized instead by epistemic uncertainty, the collection of data may increase our knowledge and 
predictive power. The only danger in these cases is of falling into the variance phenomenon when the 
data to be collected are too vast and should therefore be limited to only a small, non- representative 
subset.

 11 The identification of biases and formal errors of judgement is not a recent phenomenon. Adam 
Smith highlighted both the phenomena of “loss aversion” and “hyperbolic discounting” as explanatory 
factors for human behaviour. Niccolò Machiavelli also drew attention to the decision- making power 
of both the “endowment effect” and “loss aversion”. Lastly, David Hume underlined the danger of 
“present bias” and the myopic nature of human judgement.

 12 Paradoxically, the society of satisficers might need a stronger paternalism than that of optimizers. 
Think of an ecological rational policy maker who wants to apply the normative side of ecological 
rationality. He or she will oblige people to learn all the heuristics adapted for each separate task and 
environment. He or she will try to nudge or oblige people to use the proper heuristics adapted for 
each particular environment. The result: much more paternalism, cost and complexity compared to 
behavioural economics nudging.

 13 APRC is the Annual Percentage Rate of Charge.
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