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A constantly changing social reality means economic theories, even if correct today,
need to be constantly revised, updated, or abandoned. To maintain an up-to-date
understanding of its subject matter, economists have to continuously assess their
theories even those that appear to be empirically corroborated. Economics could gain
from a method that describes and is capable of generating novel explanatory
hypotheses. A pessimistic view on the existence of such a method was famously
articulated by Karl Popper in The Logic of Scientific Discovery. He wrote ‘there is no
such a thing as a logical method of having ideas or a logical reconstruction of this
process.” Herbert Simon responded to Popper and argued the opposite, namely, that
there is a model of discovery and its name is abduction. Simon acknowledges his debt
to Charles Peirce — the first modern logician to explicitly formulate a theory of
abduction — and explains that abduction is a model of discovery that works as a
problem-solving heuristic encoded in a computer program. Although Simon’s account
of a model of discovery was prescient, Peirce’s description of abduction as loose
inference is incompatible with an exclusive algorithmic operationalization. The paper
also connects Peirce’s abduction to explanation in economics and the economic
literature on uncertainty. It is argued that explanation, uncertainty, and abduction
complement each other and their combination is valuable to economics.
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1. Introduction

How to give birth to those vital and procreative ideas which multiply into a thousand form and
diffuse themselves everywhere, advancing civilization and making dignity of man, is an art
not yet reduced to rules, but of the secret of which the history of science is made. (Peirce,
1998, p. 141)

Social sciences, as a matter of course, pose questions and problems they attempt to answer
and solve. The questions and problems usually postulate hypotheses on properties and
relationships within and between the various objects that inhabit their subject matter
(family, the state, individual choice, and so on). The outputs are theories that posit a
theoretical structure that makes claims on the way the world works (Miki, 2001).
Economic theories for example fulfill that function by describing, predicting, and
explaining market-related phenomena.

The underlying properties and relationships defining and generating behavior,
technology, and institutions are constantly evolving and complex. In other words, what is
known today, say, could have been wrong in the past or may not hold in the future.
Economics has usually dealt with this state of affairs by either introducing post hoc
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amendments or positing increasingly abstract and general theories that can be made
consistent with a wide range of economic phenomena. Such strategies avoid empirical
challenges by rendering theories un-falsifiable or by emptying them of empirical testable
content." Moreover, these theoretical adaptations neither add explanatory power nor do
they make the complexity of the subject matter go away.

The constantly evolving and complex nature of the social world is part of the reason
why novel explanatory hypotheses (not only increasing generalization) need to be
constantly generated. Economies are in constant flux as new properties and relationships
between institutions, technologies, and behaviors emerge or are extinguished. The paper is
motivated by this constant necessity to generate new theories that can describe, predict, or
explain a subject matter whose objects are technologies, institutions, and individual
behaviors in flux.

An empirical psychological, social, and historical literature gauges the relative
importance of individual and social factors (education, age, gender, and so on) in the
generation and subsequent validation of discovery (e.g., Giere, 1992; Schaffer, 1994).
Such works, however, are only tangentially important for our subject which is the
identification of a systematic series of steps that can generate novel explanatory ideas. The
identification by social scientists of the empirical correlates of creativity, imagination, and
discovery might offer educational and policy guidance yet they are not a theoretical
explanation as to why these factors rather than others correlate with creativity,
imagination, and discovery.

Questions on the logic of discovery were largely shaped by Reichenbach’s (1938, p. 6)
dichotomy between the context of discovery and the justification of discovery or ‘the well-
known difference between the thinker’s way of finding this theorem and his way of
presenting it before a public ... I shall introduce the terms context of discovery and
context of justification to mark this distinction.” While the context of discovery focuses on
how novel theories in the sciences are generated, the justification of discovery is the testing
of these theories, i.e., their validation, confirmation, or non-falsification.

After Reichenbach, Popper (1959) argued there is no logic or even rational principles
behind discovery. In fact, for Popper, where our scientific ideas come from does not really
matter. The kind of amplificatory inference necessary to generate novel scientific ideas
was defeasible, he thought, and could not be valid. Popper’s contribution to the philosophy
of science is more nuanced and complex than his falsification criterion of course since he
also develops a sui generis methodology for economics namely that of situational logic
(Hands, 1985). However, in situational logic, only the rationality principle defined broadly
as individuals behaving in the appropriate or adequate way given the situation they face
(Koertge, 1979), had something original to offer economic methodology.”

The opening chapters of The Logic explain why the empirical sciences do not — and
should not — use inductive methods to separate science from metaphysics. An inductive
inference is one that passes from singular statements to universal statements, hypotheses,
and theories. Popper resuscitates Hume’s ‘problem of induction’ which states that any
conclusion from an inductive inference can turn out to be false. Popper (1959) claims

if there were such a thing as a purely logical principle of induction there would be no problem

of induction. For in that case all inductive inferences would have to be regarded as purely
logical or tautological transformations, just like inferences in deductive logic. (p. 28)

Induction therefore has no place in science — it is superfluous and will only lead to logical
inconsistencies. It is not just rejected for demarcation but it is not even useful for other
scientific purposes such as the generation of novel theories.



Journal of Economic Methodology 493

Popper claims belief in ‘inductive logic’ is caused by confusing psychological
problems with epistemological ones. He insists the ‘rational reconstruction’ of the steps
that led to a discovery should exclude the ‘processes involved in the stimulation and
release of an inspiration’ (p. 31) which concern empirical psychology not logic.
Amplificatory inferences that could account for the release of an inspiration would be
rejected outright since the only valid logic is deduction. Nothing resembling inductive
logical reasoning is at work from theory inception, to theory testing, and revision. The
problem of induction was accordingly eliminated without the need to substitute it with
something else.

According to Popper, then, psychological factors generate scientific theories and
hypotheses which are then deductively tested. He describes the work of scientists as
consisting in putting forward theories and testing them. Behind discovery one finds
psychological processes beyond the reach of logic or rational principles. There is a sharp
distinction between the generation of novel ideas and their examination. The generation of
any new (testable) theory neither calls for logical analysis nor is susceptible to it. Indeed,
‘the deductive method of testing cannot establish or justify the statements which are being
tested’ (p. 47). The process whereby a new idea is formulated — whether a musical theme,
a dramatic conflict, or a scientific theory — is of great interest to empirical psychology but
irrelevant to the logical analysis of scientific knowledge. The latter is only concerned with
questions of justification or validity (e.g., can a statement be justified, how is it testable, is
it logically dependent on other statement, does it contradict them, and so on).

While the crisp distinction between the context and the justification of discovery has
not been without criticism (Nickles, 1980), excluding Popper, all the contributions
considered in this paper mesh the context and the justification of discoveries. Discovery
itself may have a narrow definition exclusively focused on the generation of novel
hypotheses or a broad one that accounts for the whole process from generation to testing to
confirmation, joining context and justification under the umbrella of discovery (Aliseda,
2006). But in the heydays of logical positivism, logical empiricism, and Popperians there
was simply no interest in the logic of discovery. From a strict empiricist perspective, the
gap between the inputs and outputs of an amplificatory inference was a metaphysical gap
that had no place in the logical positivist’s protocol sentence framework that built theories
by recombining observations.> The project of a logic of discovery was deemed ill-
conceived and dismissed. Where scientific hypotheses originate from did not matter as
long as one could deductively derive testable consequences from them. Under-
determination and theory ladenness finally put under the spotlight such tenets,
undermining them for the rest of the twentieth century and beyond (Hands, 2001).

The rise of cognitive science and the interest in how the mind functions also help
explain why interest in a logic of discovery soon found a receptive audience in philosophy
and computational sciences. Popper’s refutation of ‘a logic of discovery’ was in fact being
challenged as it was being written by Hanson (1960) and latter Simon (1977). Both
acknowledge their debt to Charles Peirce’s work on abduction. Abduction of course did
not mesh well with logical positivism. Peirce thought he identified a third mode of logical
inference, namely the method of hypothesis, abduction, or retroduction. In the Harvard
lectures of 1903, Peirce argues abduction has a definite logic even though it is less
hampered by logical rules than induction or deduction.* Unlike deduction which operates
under mathematical necessity, abduction (and induction) is amplificatory. As Peirce
explained the outputs (namely theoretical explanations) have additional content not
present in the inputs which include the data to be explained (Lipton, 2000). In other words,
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when the inputs do not suffice to account for the output, where output is the outcome of an
inference, there was, for logical positivists, an uncounted for metaphysical element.

Peirce claims abduction has its own unique logical form that generates its own novel
explanatory hypotheses. Abduction starts with data or a surprising fact that need explanation.
It then generates, ranks, and selects — from the most to the least plausible — explanations for
the data or the surprising fact. Abduction brings about methodological questions we shall
explore here including: Is there, first of all, a method which when followed can explain,
generate, or maybe even predict discoveries? How can this method be described? Does it have
a simple syllogistic logical structure or is it closer to a complex scientific model? And what is
its relationship with economics? The economic implications and policy considerations of
abduction are therefore also discussed. As we shall see, abduction has connections to
economic concepts developed by Keynes, Knight, Shackle, and Witt.

A bracket should be opened here to discuss why different authors use different terms
for abduction. Simon uses both logic and model while Popper and Peirce use logic only.
Other contemporary authors, whose views on abduction we explore, also use a mix of
terms. One explanation for the different nominations is that each author refers to a
different thing. The different lexicon is not innocuous of course as each conception is
imbedded in the wider nomological networks of these authors. To avoid confusion — and
polemic — I strive for consistence and use each author’s own definitions when referring to
them. When these definitions differ the implications will be acknowledged. But we should
recall that the core issue here is whether there is anything like a series of steps or formula
that can justify, explain, or generate novel theories and scientific discoveries. The
identification of a method of discovery, be it a model or a logical inference, entails not a
just a description of how novel scientific hypotheses are generated but also a systematic
formula that, when deployed to data, phenomena, or problems, generates a (theoretical)
solution which can take the form of an explanation. A model of discovery, for those
working on artificial intelligence and computer algorithms, is a mathematical function
generating outputs (as discoveries or the dependent variables) from inputs (the data, the
computational method, etc., the independent variables). A function f(.), therefore, like any
other mathematical model, generates theories as outputs that describe, explain, or predict
economic phenomena. In the context of abduction, the mathematical function is allegedly
capable of generating novel scientific hypotheses. This is a critical question I shall return
to but as we shall see abduction as understood by Peirce has a loose inferential form that
would be undermined if it were reduced to a mathematical function in a computer
program.

The nature of the output, the explanandum, the thing to be explained, also needs further
clarification. Our subject matter is probing the method that purportedly generates novel
economic theories. The novel theories can take the form of novel hypotheses which, if
justified and accepted by the involved community of scientists, can turn out to be
discoveries. Theories, ideas, and discoveries will be used interchangeably in what follows,
not out of sloppiness, but to focus on the explanandum, the generation of theories that may
or may not turn out to be discoveries (Nickles, 1980). Whether an idea turns out to be false
or not, justified or not, acknowledged by the wider community or not, is accordingly
secondary. This is very much consistent with what Peirce thought of abduction. The aim is
to ask — and attempt to answer — the extent to which there is an adequate method for the
generation of novel ideas, novelty, and (subsequently) confirmed theoretical discoveries.
Nevertheless, this does not mean no discrimination among the generated theories is
desirable. There are various ways this can be done. Peirce for example thought scientists
had an abductive instinct to identify the correct explanation of a scientific problem.
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The outline of the paper is as follows. Section 2 focuses on Simon’s critique of
Popper’s skepticism and introduces his conception of abduction as a problem-solving,
computationally implementable, heuristical model. In Section 3, Peirce’s conception of
abduction is explained. Section 4 contrasts Simon’s conception of abduction with that of
Peirce. Section 5 elaborates on the economic implications of abduction. Section 6
concludes.

2. Herbert Simon’s Models of Discovery

So far, the following two issues arise from Popper’s work: (1) He does not explain the
generation of the primitive ideas or the source of the hypotheses to be tested in science.
And (2) induction is not even considered a valid method for conducting any kind of
inquiry. For Popper, there is no logical method or rational principle for producing new
ideas. The context of discovery is a psychological one as every hypothesis contains an
‘irrational’ element, a creative intuition. But why empirical psychology cannot generate a
theory of how novel explanatory hypotheses are generated? By not answering this question
Popper paves the way for criticism since nothing in his rejection of induction hinders the
identification of normative logical principles obtained from empirical regularities in
hypothesis generation. Simon exploits this opportunity, arguing a normative logic, based
on studies in cognitive science of how the brain operates when a discovery is made, can be
implemented. Indeed, one can simulate the brain’s operations in the form of computer
programs that mimics its functioning.

Since Popper ruled out induction as a mode of scientific reasoning he, by extension,
also ruled out other forms of non-deductive ampliative modes of reasoning. The literature
on the logic of discovery has exploded since Simon’s pioneering contribution. In collected
essays on discovery, Simon (1977) expresses several disagreements with Popper,
including on the importance of testing theories in science. For Simon, the empirical testing
of theories should only be a minor preoccupation. Instead, he sees the generation of
theories as the most valuable scientific activity. Furthermore, theory generation provides
itself an initial validation. According to Simon, research on abduction which provides a
model discovery is still in its infancy. Scientists often face a situation in which phenomena
have no theory to explain them. Their task is not to verify, falsify, or choose between
alternatives but to generate theories that might help explain the phenomena. This point is
worth emphasizing since current works that purport to use abduction reduce it to selection.
But selection among competing explanatory hypotheses is, Simon has foreseen, not the
only, nor even the most important, feature of abduction.

While the testing of scientific theories involves an explicit decision-theoretic
framework, it inevitably takes us to the question of how the theory was generated in the
first place. According to Simon, validation and discovery are inseparable: Testing and
discovery are part of the same process but their relation remains poorly represented and
understood. Simon posits that hypotheses spring from a hypothesis-generating process.
Scientific discoveries are in fact problem-solving situations. He states that ‘the processes
by which science is carried on can be explained in the terms that have been used to explain
the processes of problem solving’ (p. 286). Still, problem solving — a more or less a
routine activity according to Simon — is only half of the equation: the other half is asking
the right questions. Even if the two cannot be neatly separated, question generation
belongs to a class of its own (as a problem-solving activity).

Law discovery is ‘an excruciatingly slow and painful process’ (p. 288), demanding
parsimonious recoding of empirical data. Furthermore, law discovery can be evaluated
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using normative logical and empirical criteria. Simon argues that in problem solving
scientists extract information from cleansed data and use this information to directly
construct explanatory hypotheses or theories with a modest amount of search. Seeing the
problem of discovery as a problem solving one is both extendable to normal ‘day-to-day’
science as well as to extraordinary ‘revolutionary’ science (Kuhn, 1962).

More specifically, Simon claims scientific discovery has an empirical component (as
Popper argued) and a formal part (as Popper denied). The empirical aspect involves
attempts to explain the psychological and sociological processes necessary for discovery.
Cognitive psychology could for example be used to model data as inputs into the mind of
scientists and theories as the output. Formal theory in turn is concerned with the definition
and logical nature of discovery and seeks normative advice and prescription on how ‘to
proceed rationally and efficiently with a task of scientific discovery’ (p. 265).

2.1 Thinking as information processing

In formulating theories about human thinking, Simon claims that information-processing
language uses symbolic structures and is superior to mathematical language, which
requires translation and scaling techniques. Although they fall short of covering a whole
range of human thinking, computer programs in particular can closely parallel human
thinking in proving theorems, playing games, making investment decisions, and even
composing music. Computer programs can be used to discover proofs in logic, geometry,
trigonometry, can play chess and bridge, and harmonize a musical theme and can make
choices about financial investments. Contemporary incarnations of this view include
Magnani (2001, 2009), Langley, Simon, Bradshaw, and Ziktow (1987), Thagard (1988),
Churchland (1992), and Koza et al. (2003), among others.’

Simon posits that human (and computer program) thinking and problem solving
involve the following (pp. 276—281): (1) hierarchical organization (a sequence of
elementary processes can be combined into a compound process); (2) serial execution —
thinking involves serially executed, symbol manipulating, processes (the central nervous
system can do only one task at a time); (3) processes that exhibit highly selective trial and
error searches of solutions and possibilities (only a minuscule fraction of the total number
of possibilities is considered using heuristic rules of thumb); (4) means-ends analysis as a
special case of a selective heuristic (present situation compared to desired situation;
memory is searched for an operator or process that will change the situation; an attempt is
made to apply the operator to change the situation); (5) for all but a few well-structured
problems (that pertain to discovery) formal procedures such as algorithms can be used; in
most problems of everyday life, however, including formal games such as chess,
algorithms that can find a solution that is best/maximal are not available. In such contexts,
the solution is limited to a good enough aspiration level or what Simon calls a satisficing
heuristic.

When problems are well structured — and algorithms can solve them — the generation
of discoveries and novel explanatory hypotheses is unnecessary. But with less structure, or
when problems are ill-defined, the creative path to discovery involves a significant amount
of trial and error. Simon identifies three critical requirements to solve problems with little
structure: luck, persistence, and more powerful selection heuristics (the latter being
derived from the possession of a superior observational or of representational techniques:
‘God is on the side of the highest resolution’).

Simon also discusses the unconscious in incubating and illuminating a discovery.
Three main stages are identified in discovery: (1) the initial preparation which involves a
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prolonged investigation likely to be unsuccessful in solving a problem; (2) an incubation
period; (3) sometime after having dropped the problem from conscious attention, a
solution unexpectedly presents itself to the conscious mind. Simon acknowledges that
little is known about what happens during incubation and it may remain a black box even
for a scientist who experienced it before. Nevertheless, psychologists have noted the
importance of unconscious processes for motivation and emotions and would readily
recognize that we do not have access to most processes that take place in our central
nervous system. Simon still identifies two information-processing mechanisms that might
be at work in incubation/illumination: familiarization and selective forgetting.® He claims,
as a caveat, that his statements are based on his experience and are all derived from
introspection because there is no other way to systematically collect information on
incubation and illumination.

2.2  Simon’s abduction

While Simon departs from Popper’s deductivism, he does not call for a return to full-fledged
inductivism. Simon instead supports an inferential logic that is closer to induction than
deduction known as abduction. Abduction, very much like induction, generates explanatory
hypotheses from data. In various ways, Simon is an empiricist to the extent that he defines
(in a way that reminds us of the protocol sentence debate) the law discovery process as one
that recodes, in a parsimonious fashion, empirical data. The reader may recall at this stage
that Popper was critical of induction because he believed that it either led to an infinite
regress or that it needed (following Kant) an a priori justification. Given that Popper
(erroneously) thought the logic of discovery had to be inductive he rejected it. For Simon,
however, deductive schemes obscure the connection between data and initial laws (in say
deductive—nomological causal explanatory frameworks). The solution to Simon is then not
so much a return to induction but Peirce’s abduction, which avoids Popper’s two inductive
pitfalls by defining theory generation as parsimonious data re-description.

Simon does not think that a formal theory of abduction exists yet and expresses his
desire to set the building blocks for such a theory. Simon explains that a logic of discovery
refers to the prescription of norms to facilitate goal achievement. Such norms, if they are
effective, would eliminate any irrational or creative intuitive thought from the act of
discovery. Opposed to the logic of discovery is the psychology of discovery which is
merely descriptive. In the overall framework, a logical process is one which satisfies
certain established norms. These norms can be either derived from logical analysis or they
may have an empirical basis. Simon, for example, suggests the following sentence as
rational since norm following: ‘if process X is to be efficacious for attaining goal Y, then it
should have properties A, B, C’ (p. 328).

The generation of novel hypotheses is complex, involving trial and error and leaving
little traces of evidence for the researcher to reconstruct. Furthermore, only a small
proportion of all hypotheses are announced and the selection of announced hypotheses is
subtle and personal. Law finding processes have two stages (1) finding simple
generalizations that describe the facts to some degree of approximation; (2) finding
limiting conditions under which the deviations of facts from generalization might be
expected to decrease. The process of inference from facts does not usually stop at this
second stage but continues to a third, namely, (3) explaining why generalization ‘should’
fit the facts.

Simon provides a hypothetical reconstruction of abduction on the Balmer series of the
hydrogen spectrum. The series is the following 9/5, 4/3, 25/21, 9/8, .... Simon inquires
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how the discovery of a simple generalization that fits this sequence can be made. The
difficulty here is that the third and fourth terms have been simplified and thus the equation
that generates the pattern is less obvious and therefore harder to derive. Once this gap is
noted one just needs to multiply the numerators and denominators of the second and fourth
term by 4 for the pattern to appear: 9/5, 16/12, 25/21, 36/32. The equation generating the
pattern turns out to be n */(n *~4). Simon concludes that extracting the pattern from these
data is not random; instead the relevant range of relations is quite small. It is arguably from
such basic relations that nature is constructed: most patterns of discovery in science are
based on a few relations that humans are able to detect.

Heuristic search, and related theories of computer efficiency in artificial intelligence, is
the foundation of Simon’s normative theory of discovery. He considers the normative
theory of discovery to be an offshoot of the theory of computational complexity. Here
computer programs are designed to detect relations and patterns via the usage of rules of
thumb exhibited by searches using heuristics guidelines. The objective of the normative
theory of discovery is to find the best search program.

The final challenge Simon considers is the extent to which his examples are too well
structured and represent a small sample of the question most scientists deal with.
He goes on to ask whether anyone would argue that his approach would not be
applicable to ill-structured problems or to problems in revolutionary science (as
opposed to normal science; cf. Kuhn, 1962). Simon points out that his logic of
discovery is not undermined because those who, like Popper, claimed there is no logic
of discovery did not use the distinction between normal and extraordinary (or
revolutionary) science. Furthermore, as long as a logic of discovery for one small realm
is found, the ball is in the court of those who wish to disprove the existence of a logic of
discovery in extraordinary science. Note that Simon’s belief in continuity between
paradigm changing revolutionary science and normal (within paradigm) science is
necessary to justify his extension of the problem-solving logic of discovery to
revolutionary science.

It will be argued next that Simon’s abduction is not as Peircean, as he claims it to be
but rather a Hansonean neo-positivistic incarnation (Magnani, 2001, 2009). Simon’s
abduction is a particular kind of abduction, limited to computer program and problem-
solving algorithms. The use of abduction is, however, not limited to, or constrained by, its
exclusive application in these domains.

3. Charles Peirce’s abduction

The cuneiforms inscriptions could never have been deciphered if very unlikely hypotheses
had not been tried (Charles Peirce, 1897, letter to William James)

Interest in non-deductive forms of reasoning, including abduction, regained
importance in the second half of the twentieth century with the failed attempts to
axiomatize and deduce all knowledge starting with mathematics (Bronowski, 1978); the
decline of logical positivism, logical empiricism, and Popperians whose proponents
promoted ‘deduction and the type of formulaic inductive inference that could be used to
narrow rather than broaden the field of legitimate scientific activity’ hindering the
development of abduction seen as ‘a relatively loose notion of inference’ (Hands, 2001,
p. 224); as well as the revival of pragmatism.” Concurrently, the number of works on
abduction has exploded and the literature is exploring and developing ever more elaborate
forms (Aliseda, 2006; Anderson, 1987; Flach & Kakas, 2000; Gabbay & Woods, 2001;
Magnani, 2001; 2009; Psillos, 2002, 2009; Thagard, 1988).
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Simon participates in this revival seeing abduction as capable of providing a normative
logic by which discoveries are made. He characterizes abduction as a problem-solving
heuristic based on rules of thumb and satisficing to identify patterns in data. Mental
abduction is reproducible as a symbolic computer program. Simon is aware of the
unconscious aspects of discovery (incubation and illumination) even if these are not
included in his computational model of abduction. There is no reason to challenge Simon’s
whole account of abduction. Nevertheless, three clarifications will be made. These
clarifications are made necessary by Simon’s claim that his account of abduction is
consistent with Peirce. Simon’s account of abduction, if it is to be consistent with that of
Peirce, requires amendment on these three distinct fronts.

This section set the grounds of Peircean abduction, retroduction, or the method of
hypothesis.® It provides a useful background for the next section which contrasts Simon’s
abduction with that of Peirce. Scientific method for Peirce (1898 [1992], pp. 114-116,
122) renders philosophy, as it should be, as naturalized as possible. Philosophy is made up
of two branches, logic and metaphysics (ethics is concerned with conduct not philosophy).
Logic precedes metaphysics as metaphysics draws its principles from logic. Clearly Peirce
regards logic in very high esteem defining logic as ‘the methods of methods’ just under
mathematics (Collected Paper [CP] 7.59). Logic is also ‘guided by mathematics’ (Peirce,
1898 [1992], p. 116) like no other science.” More specifically, logic is the science which
distinguishes reasonings into good/bad and probable reasoning into strong/weak (Peirce,
1898 [1992], p. 143). Thus, while an abductive logical inference can offer a good type of
reasoning, it is probably weak whereas a deduction offers a good type of reasoning that
insures maximum probable strength. The distinction between different forms of logical
inference, including abduction and deduction, is a classification Peirce made as early as
1866 when he ‘clearly ascertained that the three types of reasoning were induction,
deduction, and retroduction’ (Peirce, 1898 [1992], p. 146).

Peirce’s conception of abduction — and its relationship with logic — would change over
time as it ends being part of a holistic methodology of science in mature works (Paavola, 2005).
The genealogy of Peirce’s inception of abduction has Kantian roots — in the distinction between
analytic (explanatory) and synthetic (amplificatory) judgments — and Aristotelian roots — in
the use of reduction (apagdge) as a mode of inference that posits an opaque connection between
the second and third terms of a syllogism.'® Peirce claims empiricist credentials contending
knowledge rests on observed facts, including most of mathematics (CP 6.522; Putnam, 1992,
p. 75). His empiricism does not exclude a realist ontology which posits that

there are real things whose character are entirely independent of our opinion about them; ...
and though our sensations are as different as are our relations to the objects, yet, by taking
advantage of the laws of perception we can ascertain by reasoning how things really and truly
are. (CP 5.384)

Facts, however, do not contain knowledge and for knowledge to obtain some error-prone
additions (to facts) are to be made (CP 6.523). Thus the formation of an experimentally
testable hypothesis involves the addition of propositions to the initial observed facts
rendering the facts applicable to circumstances different from their original observational
source (CP 6.524).

Peirce claims ‘the first starting of a hypothesis and the entertaining of it, whether a
simple interrogation or with any degree of confidence, is an inferential step which I
propose to call abduction [or retroduction]” (CP 6.525). It was necessary, he thought, to
provide a novel name to this inferential form because ‘its legitimacy depends on altogether
different principles from those of other kinds of inference’ (CP 6.525; Peirce, 1940,
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Philosophical Writings of Peirce [PWP], p. 151). In 1883, he used the following
inferential form naming it the method of hypothesis (H):

e M has, for example, the numerous marks P/, P’, P", etc.
e S has the proportion r of the marks P, P, P", etc.
e Hence, probably and approximately, S has an r-likeness to M (CP 2.706).

Although Peirce describes H as a qualitative induction, he claims that it is different
from induction and should be called hypothetic inference or hypothesis. Abduction (or
hypothesis) and induction are distinguished from deduction because they are ampliative
(CP 2.709). Deduction brings ‘information about the uniform or usual course of things to
bear upon the solution of special questions’ (CP 2.694). Deduction was given two
syllogistic forms'' and proceeds from rule (All men are mortal) and case (Enoch was a
man) to result (Enoch was mortal), whereas induction proceeds from case and result to
rule, and abduction from rule and result to case (CP 2.712).

In mature writings, Peirce redefines induction and positions abduction in a methodological
framework where it is the first phase of scientific inquiry, the only one that introduces new
ideas (Magnani, 2001, 2009; Paavola, 2005; Psillos, 2009; CP 2.713). Abduction accordingly
‘is the first level of self-controlled reasoning’ (Anderson, 1986, p. 154), as it suggests a new
hypothesis whose consequences (or predictions) are obtained by deduction to be
experimentally tested with induction (CP 7.220). This three-step sequence comes to a
closure so to speak when a hypothesis is obtained that resists all known tests. Peirce concludes
that induction is mostly useful to test hypotheses by experiment not generating novel
explanatory ideas (CPs 5.145 and 5.170). If the experimental inductive tests are successful, a
certain confidence is extended to the hypothesis (CP 6.526). In this methodological
trichotomy, abduction is the only ampliative inferential form capable of positing new ideas.

As Peirce made explicit the three phases of scientific inquiry, he also relaxed the
syllogistic form of abduction H: {All As are B; a is B; therefore a is A}. Peirce, it seems,
was increasingly aware that the exacting syllogistic form contained the new content that
did the explanation. In other words, new content was used as knowledge before the
conclusion of the inference. The resulting tension made Peirce loosen the exacting
syllogistic representation of H (Psillos, 2009, pp. 130—131). In the Harvard lectures of
1903 a looser syllogism of abduction, ‘one not anymore restricted to any simple syllogistic
form’ (Niiniluoto, 1999, p. S439), is offered:

e The surprising fact, C, is observed.
e But if A were true, C would be matter of course.
e Hence, there is a reason to suspect that A is true (CP 5.189).

In the above-mentioned A is the hypothesis generated to explain the surprising fact C. Peirce
claims that ‘A cannot be abductively inferred, or if you prefer the expression, cannot be
abductively conjectured until its entire content is already present in the premise, “if A were true,
C would be matter of course”” (CP 5.189). Accordingly, abduction generates its antecedents (‘If
A were true ... ’) and justifies the conclusion (That A is true). In this looser syllogistic form, the
‘minor premise cannot be immediately known, “for such a statement is knowledge™” (Anderson,
1986, p. 146). The shift in thinking is not innocuous. It reflects how in abduction ‘the inquirer
cannot have known before the abductive step what the information is ... for otherwise the
information would not have been new’ (Hintikka, 1998, p. 518). The abandonment of the
exacting syllogism for a more open inferential form allows abduction to ‘cover all the operations
by which theories and hypotheses are engendered’ (CP 5:590) rendering it ‘genuinely
ampliative and generative’ (Psillos, 2009, p. 133).



Journal of Economic Methodology 501

In this section, an account of Peirce’s conception of abduction was given. His conception
of abduction has evolved over time to become more consistent with the principle that
abduction introduces new content in science in the form of a tentative explanatory hypothesis.
In the next section, I contrast Simon’s abduction to that of Peirce. This is relevant since Simon
claims that his conception of abduction originates in, and is faithful to, that of Peirce.

4. Perceian amendments to Simon’s abduction

Sections 4.1—4.3 highlight an area where Simon’s account of abduction needs clarification or
modification. An initial difference which turns out not to be one concerns Simon’s view that the
process of hypothesis generation and testing are largely interdependent. For Simon, more
specifically, the generation of a novel hypothesis already involves a form of testing. Peirce,
however, separated hypothesis generation (abduction) from hypothesis evaluation (induction).
Though Peirce thought abduction produced often mistaken hypotheses — ‘it goes wrong oftener
than right” (CP 5.173) — science on the overall is economical and effective in its search of true
explanatory hypotheses. Even if there could be millions of explanatory hypotheses abductively
generated a trained scientist will by intuition, insight, or instinct hit the true hypothesis (CP
5.172)."? But according to Gigerenzer (2002), simplicity and frugality are also two guiding
principles in Simon’s bounded rationality. Simon’s emphasis on economy is a concern for
Peirce who much emphasized that, while “[T]here is sometimes an infinite multitude of such
possible hypotheses. The question of economy is clearly a very grave one” (CP 6.530), as he
often refers to Ockham’s razor (CP 4.35; 5.26; 5.60; 5.416) to highlight the importance of
simplicity in effective reasoning.

The first significant divergence between Simon and Peirce is the former’s insufficient
distinction between induction and abduction. While induction and abduction share some
characteristics and have been used inter-changeably, they are distinct. Peirce in mature
works firmly states: ‘Abductive and inductive reasoning are utterly irreducible, either to
the other or to deduction’ (CP 5.146). However, before expressing this confidence, he
thought that they were similar in many respects. Accordingly, what unifies and
distinguishes abduction from induction is given a more thorough discussion. The second
issue concerns the function of creativity in abduction. According to William Davis,
abduction ‘is the creative act of making up explanatory hypotheses’ (emphasis added)."?
But Simon excludes from abduction creativity which maybe following Popper, he
relegates to psychology and the unconscious. Peirce, well before the cybernetic revolution
that gripped Simon, acknowledged that computing machines are capable of logical
inference and reasoning but also observed that these machines have ‘no soul’ and did

not appear to think, at all, in any psychical sense ... even if we should discover that they do so,
it would be a fact altogether without bearing upon the logical correctness of their operations,
which we should still have to assure ourselves of in the same way we do now. (CP 2.56)

Since abduction comes to us like an ‘instinct’ (CP 5.172) or ‘like a flash’ (CP 5.181) it
defies ‘the image of abductive inference as an algorithmic procedure’ (Kapitan, 1990,
p. 504). The third issue builds on the second but concerns explanation. If Simon’s account
of abduction is to be faithful to Peirce it is logically and computationally too narrow as an
account of explanation. Abduction, accordingly, is also not reducible to computational
explanations a la Simon touching, as it does, a larger class of explanatory inferential forms.

4.1 Distinguishing between induction and abduction

While Simon fails to rigorously distinguish between abduction and induction, Peirce’s
view evolved over time. Peirce perceived amplificatory methods such as abduction and
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induction indispensable in the evolution and progress of science. He writes ‘a man must be
downright crazy to deny that science has made many true discoveries. But every single
item of scientific theory which stands established today has been due to abduction’ (CP
5.171). Abduction, however, was originally defined as an explanatory qualitative
syllogism not very different from induction. The argument that abduction is the only
inferential form that introduces new knowledge in science appeared in later works (CP
5.171; Peirce, 1998, pp. 216, 224).

More specifically, for Peirce, any inference is made up of ‘the wise union of security
with fruitfulness’ (CP 5.366). While deduction ensures maximum security but no
fruitfulness, induction is somewhere in the middle providing some security and
fruitfulness, as abduction provides maximum amplification with the least security (Psillos,
2002). Being fruitful, ampliative inference introduces elements that are foreign to its
premises (CP 5.188). An ampliative inference is thus content increasing which means that
the initial premises, or inputs, do not suffice to account for the outputs. It follows from this
that both induction and abduction are defeasible — the addition of information can defeat
or undermine the degree to which one is warranted holding certain beliefs and hence
Hume’s problem with induction. But it comes along with the way novel explanatory
hypotheses are generated that security is not the most important objective and hence the
Humean problem is not really one.

Abduction and induction are then both ampliative offering less security than
deduction. But the relationship between abduction and induction has not always been clear
cut. In early works, Peirce argues that the ‘why’ of hypothesis and the ‘how’ of induction
are not very different as both provide an explanatory syllogism (CP 2.717). In these works,
induction is considered ampliative yet distinct from abduction which involves evaluation
of qualitative characters needing weighing not counting (CP 2.706). Peirce thus
considered induction numerable (CP 2.702) while abduction qualitative, based on
characters ‘not capable of strict enumeration’ (CP 2.709) arguing, as early as 1866,'* that
‘the essence of an induction is that it infers from one set of facts to another set of similar
facts, whereas hypotheses infers from facts of one kind to facts of another’ (CP 2.651) or
(in 1883) that induction provides analogical generalization of the same kind whereas
abduction has something qualitative about it (CP 2.706).

In the Cambridge lectures of 1898, Peirce remarks that in 1883 he recognized that
induction and abduction are both ampliative forms of non-deductive reasoning but he
‘was led away ... into the mistake of treating retroduction as a kind of induction’
(1992, p. 141). In the same lecture, he claims that in 1892 he thought he had given ‘a
good statement of the rationale of retroduction’ but ‘still failed to perceive the radical
difference between this [abduction] and induction.” (1992, p. 141) Elsewhere, Peirce
acknowledges that ‘in almost everything I printed before the beginning of this century I
more or less mixed up hypothesis and induction’ (CP 8.227) and only from 1878 on he
began to emphasize the difference between induction and abduction (Anderson, 1986,
p. 150). While in later work he makes space for abductory induction or non-numerical
‘qualitative’ induction (CP 6.526) this is already part of his final methodological stance.

What then distinguishes abduction from induction in Peirce’s mature thought? In
works roughly after the 1900s, Peirce starts giving a final shape to the three distinct
inferential forms. In his mature methodology, abduction generates hypotheses, deduction
exacting predictions, and induction tests of the predictions.'” If the testing fails to confirm
the prediction made by deduction the process returns to the abductive phase where novel
explanatory hypotheses are regenerated, predictions made, and tested anew leading (or
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not) to the discovery of laws. The relationship between abduction and induction is
described as follows:

The order of the march of suggestion in retroduction is from experience to hypothesis ...
[T]he only sound procedure for induction, whose business consists in testing a hypothesis
already recommended by the retroductive procedure, is to receive its suggestions from the
hypothesis first, to take up the predictions of experience which it conditionally makes, and
then try the experiment and see whether it turns out as it was virtually predicted in the
hypothesis that it would. (CP 2.755)

For contemporary scholars, the relationship between induction and abduction remains a
complex context-dependent one. Indeed, the question that gripped Peirce on the distinction
between induction and abduction continues today. In the introduction to an edited volume on
induction and abduction, Flach and Kakas (2000) argue that induction generalizes while
abduction explains and that abduction needs a theory that provides a foreground to do the
explaining. According to Psillos (2000, p. 4; see also 2009, pp. 129—130), ‘Peirce attempted
to model ampliative reasoning on the logical form of explicative reasoning.” Although
induction is ampliative, or content increasing, it does not introduce a new idea — inductive
amplification is based on generalization of facts similar to each other (Psillos, 2009). Peirce
(1898 [1992], p. 139]) indeed claims that ‘induction can never make a first suggestion [and]
all that induction can do is to infer the value of a ratio, and that only approximately.” In
abduction, the introduction of excess content, in typical cases, posits a novel relationship
between different kinds of facts or between unobservable entities that explain observed
phenomena: ‘Hypothetic reasoning infers very frequently a fact not capable of direct
observation” (CP 2.642). Psillos (2000) suggests that abduction, as defined by Peirce, should
encompass both induction I {a is A; a is B; therefore a is B} and the method of hypothesis H
{ais B (aparticular known fact); all A’s are B (a generalization); therefore a is A (a particular
hypothesis as a conclusion)} since both posit (different kinds of) explanations. Here I and H
have distinct logical forms yet both are instantiations of abductive explanatory reasoning.
Psillos, however, stops short of further delineating between I and H arguing that any too
exacting characterization of abduction is problematic.

In the same edited volume Flach and Kakas (2000) make various synthesizing points,
the most important of which are that: (1) until recently, neither abduction or induction
have been as carefully studied as deduction; (2) the relationship between induction and
abduction is not yet well understood and there is an ongoing debate on what unifies and
distinguishes them; and (3) context as well as pragmatic needs seem to be important
determinants as to when they should be unified or used as complements to one another;
those who focus on generating hypotheses tend to focus on the difference between
abduction and induction whereas those who focus on the evaluation of hypotheses tend to
unify them.

The aim of this sub-section is to emphasize that in later writings Peirce was categorical
on the difference between induction and abduction. In Simon’s account of retroduction,
however, the distinction is insufficient as he amalgamates them into a single, mongrel,
ampliative scientific inference. In the following sections the reasons behind Simon’s
amalgamation are understood in terms of his retroduction failing to properly account for
creativity and explanation.

4.2 Abduction and creativity

As behaviorism waned in the twentieth century, a concomitant rise in mind studies,
including on creativity and discovery, followed suit (Giere, 1992; Krausz, 2009). Most of



504 R. Mabsout

these studies identify and attempt to explain the correlates of creativity on four fronts — the
cognitive processes, the individual characteristics, the development and manifestation
across the life span, and the social environment (Boden, 1994; Gruber & Bddeker, 2005;
Kaufman & Sternberg, 2006; Meheus & Nickles, 2009; Simonton, 2000). Creativity is
discussed here because it is difficult to conceive the ampliative leap in abduction without it
(Anderson, 1986; Kapitan, 1990). Peirce acknowledged this and argued that abduction
comes to us like an instinct (CP 5.172) or a flash (CP 5.181) and this guessing instinct is
effective since it will light on the correct hypothesis (CP 7.220). Peirce wrote that

as soon as a man experiences a longing to know the truth, he begins to imagine what the truth
can be. He very soon finds that unrestrained imagination is sure to lead him wrong.
Nevertheless, it remains true that imagination alone, — under proper checks, — can possibly
suggest, the truth. Hence, the second requisite for the successful pursuit of science — coming
out after the desire to learn, — is a scientific and fertile imagination ... the scientific man
dreams of agencies by which phenomena of nature might be brought about.'®

He further recognized that if creativity and imagination in science are necessary,
without checks the scientist is led astray. Psychological sentiments are only useful to
generate hypotheses (initially, as mere opinions) which the reasoning scientist is ‘ready to
throw overboard at a moment’s notice’ (Peirce, 1898 [1992], pp. 111-112). This helps
explain why psychological sentiments should not have any weight in theoretical matters
according to Peirce who warns that logic invents its own artificial language to
‘disentangle itself completely from linguistic, or psychical, considerations’ (Peirce, 1898
[1992], p. 145); that psychology is irrelevant for logic (Peirce, 1940, PWP, p. 120); that
his principles do not allow him to make use of psychology in logic (CP 5.85; Peirce, 1998,
p- 210); and that attempts to ground logic in psychology are shallow (CP 5.28) as logic
does not rest ‘upon any theory about the human mind or any theory to explain facts’ (CP
5.110) and so on.

Notwithstanding that, Peirce (1898 [1992], p. 121) still claims that mathematics,
philosophy, and the other sciences use both reason and instinct yet reason is the most
superficial and fallible of the two while instinct is deep, sure, and capable of development
and growth. Peirce also made claims that connect psychology and logic. For example he
suggests reasoning is constituted by three psychological operations namely observation,
experimentation, and habituation (Peirce, 1898 [1992], p. 182); that logic is ‘the science
of thought, not merely of thoughts as a psychical phenomenon, but of thought in general’
(p. 116, emphasis added). In Of Reasoning in General (Peirce, 1998, pp. 11-12), he
argues that logic is based on ordinary knowledge and that logic is the art of reasoning
where reasoning ‘is the process by which we attain a belief which we regard as the result
of previous knowledge.” In this same paper, he suggests that knowledge attainment is not
only achieved via reasoning — or rational aware inference — for there is another path to
knowledge one without awareness namely via intuitions (Peirce, 1998). Intuitions are
inferences even if not exacting rational inferences according to Peirce. Thus he considers
unconscious thoughts part of inference (and abduction is an inference) which involves
‘not only conscious abstract thought [but] also includes perceptual thought and
subconscious cognitive activity’ (Magnani, 2009, p. 46). In science, as in daily life,
Peirce accordingly contends that intuitions may provide impressions that are both well
founded and necessary for the attainment of knowledge. How to reconcile these
statements with those he made on the distinction between psychology and logic such as
‘how we think is not pertinent to ... inductive and retroductive logic’ (Peirce, 1898
[1992], p. 145)?
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Unsurprisingly, Peircean scholars are divided on the matter, especially with respect to
abduction. Various attempts have been made to reconcile psychological sentiments
(intuitions, instincts, and insights) with the logical inferential form of abduction. Hanson
(1960), for instance, claims that the generation of novel scientific hypotheses is a
reasonable, rational, affair not as dependent on intuitions and hunches as generally
believed while Stewart (1997, p. 87) suggests that inference should be excluded from
abduction keeping only non-rational abduction. Anderson (1986) argues that abduction is
both an insight and an inference. Paavola (2005) suggests that Peirce should have kept
abduction free from psychology and limited its use to logical inference. Instincts, however,
have an abductive form since they generate guesses based on clue-like signs. Casting
instinct in an abductive form called abductive instinct entails instincts are better ‘than pure
chance’ in providing good guesses. Furthermore, in actual problem-solving situations,
Paavola concludes that human beings use mixture of both instinct and inference.

I concur with Anderson’s interpretation here which is the simplest interpretation of
Peirce who did not see inference and insight as mutually exclusive (e.g., CPs 5.181 and
5.188). Abduction, Peirce argued, is little hampered by logical rules and may therefore
accommodate psychological sentiments. I here then entertain the possibility that,
notwithstanding Peirce’s exclusion of psychology from logic, his conception of abduction
cannot be made operational without psychological sentiments that are part and parcel of
how hypotheses are generated in science. Such views are consistent with, and supported
by, Gabbay and Woods (2001) ‘new logic’ in which logic models agents’ cognitive
behavior. In their view, ‘psychological considerations have a defensible place’ that
‘cannot reasonably be excluded’ from logic (p. 2). Gabbay and Wood’s conception of a
new logic rests on ‘neither sharp nor exclusive’ distinctions between logic and psychology
(Gabbay & Woods, 2001).

Two additional contentions are made in this sub-section on abduction and creativity.
The first is that the psychological elements — or the flashes, the instincts, and the insights —
should not be confused with the aha! experience that accompanies them (Nickles, 1980,
p- 17). Second, the psychological elements cannot be reduced to ‘logic in the narrow sense
of an algorithmic or quasi-algorithmic system of subject neutral rules’ (Nickles, 1980,
p. 7)."7 And this is so because ‘purely logical reasoning is not ampliative’ (Hintikka, 1998,
p. 506) whereas the creative person is unique and unpredictable

in the sense that one cannot know exactly what will be the next work that an artist will create,
nor can one predict the next revolutionary theory in art or science. Predictability may be a
false good. (Gruber & Wallace, 1999, p. 93)

More specifically, applied studies on creativity in mathematics by Byers (2007) and in
biology by Edelman and Tononi (2001) point to the limits of (narrow) logic and
computation as accounts of thoughts and creativity. Byers (2007) argues that while logic
and computation fix and transmit mathematical ideas, they do not generate them.
He explains that the generation of mathematical ideas is non-algorithmic as creativity and
understanding are sparked by ambiguity and paradox, not computation. If logic organizes,
stabilizes, and communicates ideas, it plays a trivial role because it follows automatically
from a given set of definitions and logical manipulations. Though mathematicians claim
what they do ‘lies in the formal, logical domain ... what they actually do lies in ... the
domain of ambiguity which when pointed out to them they will readily acknowledge’
(Byers, 2007, p. 66). Such generative processes are irreducibly ambiguous and paradoxical
mental processes. An account of abduction that leaves them out will be inherently
incomplete.
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These concerns garner the interest of Nickles’s (2009) discussion on the paradox of a
scientific method that makes discoveries. Nickles’s focus is a new generation of genetic
programming problem solvers (GPPS), algorithms allegedly able to take non-logical steps
and ‘unearth novel solutions to problems because it does not travel along the well-trod
paths of previous human thinking ... exhibiting the kind of illogical discontinuity from
previous human work that is required to obtain a patent’ (Koza et al., 2003, p. 2). Indeed,
for Koza and colleagues, genetic algorithms provide as formal a system of discovery as
possible. Yet Nickles also notes, GPPS cannot incorporate all the tricks available to a
human problem solver who, for example, can save ‘non-randomly’ from elimination a
defective model that has potential for future development. Furthermore, systems such as
GPPS still need substantial, if reduced, amount of human inputs for them to become
effective problem-solving tools.

In summary, questions were just raised on the significance of computable problem-
solving frameworks, a la Simon, as sufficient or adequate models of creativity in (Peirce’s
conception of) abduction. Peircean abduction, in fact, especially in its latest incarnations,
cannot be conceived without imaginative and creative leaps. Simon is right that his
problem-solving model of discovery is insufficient for discovery given that he
acknowledges the importance of psychological sentiments such as illumination. Simon
meets Popper halfway in leaving a necessary feature of abduction outside the realm of
logic and therefore outside the purview of abduction.

4.3 Abduction and explanation

I argued earlier that the use of computational programs as models of abduction excluded
creativity and imagination. The imaginative and creative leaps, via instincts and intuitions,
are irreducible to a narrow logic. These instincts and intuition operate within a context —
they are not unmediated (Anderson, 1986, p. 160). This context is provided by
explanation. In this third sub-section, therefore, it is suggested that the context provided by
explanation in abduction is also not reducible to a narrow logic. Recall that Peirce argues
the name hypothesis (or abduction) is given to ‘provisory suppositions ... which serve to
explain the phenomena’ (CP 5.276) and a good abduction must ‘of course, explain facts’
(CP 5.197). If abduction is a logical inference yet one which ‘is very little hampered by
logical rules’ (CP 5.188), explanation does not admit a precise inferential rule and must
remain open.
As Gabbay and Woods (2001, p. 38) state,

what a stripped-down abductive structure will look like will vary contextually, depending on
the subject matter of the abduction problem and the intentions or goals of the abducer, as well
as the sort of resources on which the abducer is able to draw in working through his abductive
agenda.

Day and Kincaid (1994) too emphasize that explanations are contextual requiring domain-
specific principles. Explanation thus can take many forms and emphasize different
inferential rules varying with context.'® Explanations being context-dependent entails
computable explanatory models provide a too narrow range of algorithmic inferences, not
varied enough to cover the different kinds of explanatory inferential rules that inhabit
abduction.

The entanglement of abduction and explanation has received solid philosophical
baking. Harman (1965) is explicit about their connection arguing that inference to the best
explanation (IBE) corresponds to abduction.'” For Harman, IBE employs a range of
criteria (simplicity, plausibility, more explanation, less ad hocness, etc.) to determine
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which hypothesis is the best compared to others. Lipton (2000) distinguishes between two
non-mutually exclusive forms ‘best’ explanations can be cast in, namely ‘lovely’ and
‘likely’ explanations. While likely explanations assess explanations probabilistically
(which is the most probable?) lovely explanations seek to provide the highest degree of
understanding. (As elaborated in the next section, however, Peirce was adamant that the
explanatory engine of abduction is not probabilistic and likely explanations therefore are
unlikely to accord with it.) Lipton also lists various criteria for explanatory virtue among
the following: better explanations explain more types of phenomena; explain them with
greater precision; provide more information about underlying mechanisms; unify
apparently disparate phenomena; and simplify our overall picture of the world. Another
criterion discussed by Lipton is that best explanations are contrastive explanations which
take the form of “Why P not Q’ rather than just “Why P?’ (see Section 5 for discussion on
Tony Lawson). Psillos (2000, pp. 65-66) suggests that hypotheses may be considered
explanatory powerful or ranked higher if they (1) explain all facts that led to the search for
hypotheses; (2) are consistent with background beliefs; (3) are as simple possible; (4) have
unifying power; (5) are more testable; and (5) entail novel predictions. Psillos (2002) also
considers the following features as standards of explanation: consilience (how background
knowledge fits the explanatory hypothesis); completeness (the best explanation is one that
explains all the relevant data relative to others); importance (the preferred explanatory
hypothesis is one that explains the most salient phenomena); parsimony (the preferred
explanatory hypothesis uses the fewest assumptions); unification (by using fewer
explanatory assumptions, the preferred explanatory hypothesis unifies the explanation);
and precision (the preferred explanatory hypothesis offers a more precise explanation of a
phenomena). A hypothesis which meets all these standards is the one with the most
explanatory power and should be ranked higher.
Psillos (2002,p. 616) further contends,

there is no algorithmic way to connect all these criteria so that they engender a clear-cut
ranking ... [and] a lot of judgment should be exercised in this ranking . ... Such problems are
fatal only for those who thought that a suitable description of the method of science would
have to be algorithmic ... this aspiration should not have been taken seriously in the first
place.

Indeed, if the fundamental operation of computational logic is to search (for patterns),
computational logic will ‘not adequately account for some roles played by anomalies,
conflicts, and contradictions in many forms of explanation’ (Magnani, 2001, pp. 29-30).
While abduction has a definite logical structure, it cannot be reduced to an algorithm. This
does not mean that computational models of abduction have not been constructed or that
they have not been successful. Rather, the more faithful our concept of abduction is the
less computationally tractable it will be. Abduction as providing explanatory inference
that ranks theories according to their explanatory power leads to a tension between
computational tractability and conceptual richness. We can summarily conclude that
abduction is unlikely to have a single inferential rule or one type of explanation, but many.
Logic and computation, while powerful, do not cover all inferential forms and types of
explanation.

It should be asked at this stage to what extent the three critical issues identified
undermine Simon’s work on discovery. Is our three pronged critique fatal or is it possible
to amend and enrich his views in light of the critique? To answer this question, it is
necessary to know beforehand how the critique will be integrated. The take away lesson, if
there is one, is that Simon’s abduction only covers an application of abduction to
computing and that there are other important aspects it ignores. Simon’s work is not fatally
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flawed if one sees and understands its limits. The kind of normative rational rules he has
identified and advocated for cannot be sufficient for an account of discovery, narrowly or
broadly understood. I posit that this would be consistent with some of the passages visited
where he acknowledges that his framework is not sufficient as general account of
discovery. Simon’s advocacy of computation and programming are features of abduction
likely to be most effective in well-structured problems. Paradoxically, Simon himself
notes that this is where a logic of discovery is most likely not needed. Computation and
programming will generate a discovery (or reconstruct one) with a wide range of
effectiveness (Burton, 2000; Gabbay & Woods, 2001; Koza et al., 2003; Langley et al.,
1987; Magnani, 2001, 2009; Thagard, 1988).

Now that we have exposed Peirce’s conception of abduction — and clarified several
standing issues that could nurture confusion — we focus, in the last section of the paper, on
the economics of abduction, the links to the existing economics literature, and to an
assessment of various uses of abduction made by economists.

5. Abduction and economics

Even if abduction generates a large number of plausible hypotheses (Magnani, 2009, p. 19)
testing them all is inefficient and wasteful (CPs 5.602 and 6.530). Confidence in the
hypotheses generated by abduction depends, ultimately, on the inductive testing they are
subjected to. Inductive testing, however, is resource intensive as Peirce considered it the
most costly enterprise in science. Three economic influencing factors were highlighted
(CP 7.220): cost (the least costly hypotheses should be tested first); the value of the thing
proposed (the hypothesis closest to the truth should be selected); and the effect on other
projects (the stance of the hypothesis with respect to other competing hypotheses and its
likelihood of breaking down with inductive testing). Economy in testing is, according to
Peirce, measured by ‘the amount of wealth, in time, thought, money, etc., that we ought to
have at our disposal before it would be worthwhile to take that hypothesis for examination’
(CP 2.780). A significant part of Peirce’s contribution to the economics of science is made
on this level (Rescher, 1977; Wible, 1998 [2005]).

According to Rescher (1977, pp. 30-31), Peirce suggested two economic principles,
namely, that (1) of diminishing returns: whereas initial discoveries in science come easily
subsequent ones are refinements and corrections; and that (2) of cost escalation — as
science progresses it requires more and more resources to make novel discoveries that are
less and less significant. While Rescher is critical of (1) [he adopts a Kuhnian model of
scientific revolution in which ‘the preservationist stance, that the old views were
acceptable as far as they went and merely need supplementation, will not serve’ (p.29)], he
thinks Peirce was correct with respect to (2) and that, indeed, science becomes
increasingly resource intensive over time. Wible (1998 [2005]) further elaborates on
Peirce’s economics of research showing that, well ahead of this time, Peirce used graphical
displays that combine (the ratio of) scientific marginal utility (on the vertical axis) to
marginal cost (on the horizontal axis) to determine how scientific research funds should be
allocated.

5.1 Abduction and uncertainty

With respect to economics, two other features of abduction discussed in section 3 are
worth recalling. First there is Peirce’s conception of logic which defines logic not “as a
closed system of inquiry but of open human inquiry” (Anderson 1986:149) and, second,
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his insistence beginning in the earliest writings on abduction, that it is qualitative not
quantitative. In the Cambridge lecture of 1898 he re-affirms that abduction makes no use
of numerical probability and that it is “the commonest fallacy of retroduction ... that the
most probable hypothesis is the best” (Peirce, 1898 [1992], p.193) since

not only is there no definite probability to the conclusion, but no definite probability attaches
even to the mode of inference. We can only say that ... we should at a given stage of our
inquiry try a given hypothesis, and we are to hold to it provisionally as long as the facts will
permit. There is no probability about it. It is a mere suggestion which we tentatively adopt.
(Peirce 1898 [1992], 142; emphasis added)

Similar claims are made in The Treaties on Probability (1921) by Keynes who backs
the idea of a human logic based on human choice being organic not atomic. An organic
choice situation involves direct intuitive judgment in which individuals do not formally
analyze the separate parts of the choice situations as a whole (Davis, 1989, 1994). Organic
choices are not irrational but intuitively rational and within organic choice there is no
deductive logic of choice (Gerrard, 1995). Keynes also understands probability in terms of
logic and strength of belief, terms not very different from those of Peirce. For Keynes,
social reality is mostly qualitative and quantitative only when exacting assumptions are
met (O’Donnell, 1990). An unproved statement is not necessarily unfounded and most of
our beliefs — in metaphysics, science, or conduct — are somewhat inconclusive.
Accordingly, probability provides a lower degree of rational belief than certainty (where
certainty is maximum probability) as it deals with what cannot be proved by syllogism.
In Keynesian terms, probability is ‘the existence of a logical relation between two sets of
propositions ... where it is not possible to argue demonstratively from one to the other’
(Keynes, 1921, p. 8, emphasis added). Keynesian uncertainty obtains when a given
argument has numerically immeasurable probability. It is not that such probabilities are
unknown and further investigation will reveal them but they do not exist or are
indeterminate (Lawson, 1985, pp. 913-914).

Peirce’s abduction project also resonates with some ideas expressed by the Chicago
economist, Frank Knight. In Risk, Uncertainty, and Profit Knight (1921 [1948]) contends
the meaning of many economic concepts, including profits, is unsatisfactory and a source
of division because of ambiguities related to uncertainty. To Knight, only (true)
uncertainty should be used to understand profit and other economic concepts. Uncertainty,
unlike risk, is immeasurable. The source of the division is the confusion between risk and
uncertainty. Uncertainty entails the impossibility of omniscience while risk is a quantity
which can be subjected to measurement—it is a measurable uncertainty. Knight contends
“the problems of life” arise because so little is known and the most salient feature of
probability is ignorance. It is not possible to measure with absolute accuracy all the
probability-determining circumstances and that is why risk and uncertainty are different.
In everyday life, as well as in business, Knight recognizes that mental processes differ
from those in science which are based on exhaustive analysis and accurate measurement.
The estimation of probabilities can be done using formal logic—as scientists do—or every-
day, nonscientific thinking, which depends on crude analysis and includes “judgment”,
“intuition”, and “common sense”. For most decisions in daily life and business, however,
rigorous scientific modes of reasoning are not accessible and may be substituted
by tenuous and uncertain reflection. Furthermore, scientific inquiry, which is built on the
structure of “demonstrative reasoning”, has clouted every-day reasoning even though it
is more appropriate for the economic environment economists study. Though uncertainty
is ubiquitous in economics, a rational decision-maker will seek to reduce it to the
minimum.
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Knight also claims humans can see the future via their forward looking consciousness.
The more an organism sees things coming the more it can adapt and adequately live. Errors
are ubiquitous when humans deal with change and the future because they, unlike
machines, have a non-mechanical character. Thus, a human’s forward-looking abilities are
liable to error given their lack of mechanical accuracy. The future depends on a very large
number of factors and it is not possible to estimate or summate their separate significances
and “only in very special and crucial cases that anything like a mathematical study can be
made” (1921 [1948] p. 211). Knight clearly sees limits to scientific knowledge. He
speculates for example that science will never reach a complete understanding of human
consciousness since, from the perspective of science, humans will always be unconscious
automata. Science, in other words, will never provide a complete understanding of what it
means to be a conscious human being.

Keynes and Knight’s accounts of non-numerical probability and uncertainty differ to
some extent (Lawson, 1985). For Keynes, they are objects of knowledge (or beliefs) that
should have some connection to the material world. For Knight, they are both objects of
knowledge and properties of the external material reality. As objects of knowledge
therefore they are part and parcel of the economist’s toolkit, or methods. Yet to this day no
connection to the writings of Peirce has been made. As argued earlier, however, Keynes
and Knight’s emphasis on human logic, non-numerical probability, and uncertainty
resonate with Peirce’s conception of abduction.

These connections are further discussed by Witt (2009) and Shackle (1972 [2009]).
Shackle, very much like Keynes and Knight, also studies the problem of durable
investment in uncertainty and unobservable circumstances (Loasby, 2011). Echoing
Peirce, Shackle (1972 [2009], p. 18) in 1972 argues uncertainty gives ‘freedom for
imagination and conjecture’ and later in 1974 that ‘human beings are originative,
ambitious, restless and insecure, ... they do not know what they are next going to
attempt.’m For Shackle (1972 [2009]), more specifically, the exclusive reliance on
orderly thought precludes ‘the vast area of human enterprise where disorder is of the
essence of the situation... [as] disorder of the economic organism [can] only be
understood in terms of disorder’ (p. 23). Shackle claims that reason cannot overcome the
uncertainty of time: novelty takes place in the future and is fundamentally undeducible.
He describes this paradoxical element stating that ‘we cannot claim knowledge so long as
we acknowledge novelty. Novelty is the transformation of existing knowledge, its
reinterpretation; in some degree necessarily its denial and refutation’ (p. 26). Similarly,
Witt (2009) identifies two distinct aspects of innovations and novelty, namely the
generative and the interpretative. In generative operations, inputs are recombined while
the interpretative operations involve the integration of the recombined inputs.
An interpretative operation is, however, a black box and there are epistemological
constraints in any attempt to theorize and predict the emergence of novelty. In economics,
as in evolutionary biology, it is particularly difficult to predict a novelty (e.g., genetic
change or innovation) because both are evolutionary sciences that face endogenously
generated novelty (Metcalfe, 2001). Witt explains that while in (closed dynamic)
models®' of innovation diffusion exist, they cannot account for the emergence of novelty.
Witt also discusses novelty emergence using ‘open’ instead of ‘closed” models. He claims
that open models — where nonlinear dynamics are employed — produce deterministic
chaos where the final outcome can only be determined by running the simulation. While
Witt concludes that some elementary form of novelty emerges in such models the novelty
is interpretatively trivial and not comparable to the actual creative acts that obtains in the
human mind.
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5.2 Abduction and economic explanations

I end this section with examples from economists that have not just mentioned
abduction in passing but also made use of it. Lawson (1997, 2003) argues that
retroduction does not stay on the surface of events but goes deeper behind the surface
phenomenon and can accommodate a range of explanatory forms from holism,
atomism, evolutionary, etc. It is a distinct form of ‘as if” reasoning based on metaphor
and analogy, both of which are necessary to move from a conception of some
phenomena of interest to another totally different one partly responsible for the primary
phenomena. Retroductive reasoning entails ‘a move from the observation of numerous
black ravens to a theory of a mechanism intrinsic (and perhaps also extrinsic) to ravens
which disposes them to be black’ (Lawson, 1997, p. 24). Another example is that of the
‘mad cow disease’:

Following the discovery, in the late 1980s, that cows in the UK showed symptoms of the
illness we now call ‘mad cow disease,” it was retroduced, by way of analogy with other
illnesses, that a virus was causing the problem. This retroduced hypothesis, however, proved
not to be correct. Only with a lot of skill and luck was the prion located as the most likely
(explanatory powerful) causal hypothesis. (Lawson, 2003, p. 80)

Retroduction also integrates Lawson (2009) dialectical approach to causal
explanation, more specifically contrast explanation, which aims to identify the underlying
mechanisms, powers, structures, and processes, that produced or facilitated the
phenomena of interest. Contrast explanation can show that the mathematical formalism
(allegedly used to simplify reality or fictionalize and be able to understand or explain it) is
superfluous. Contrast explanation involves a transfer from ‘the successful theoretical
practices of our everyday lives into’ social—theoretical research activities that are more
systematic, critically examined, and explicitly formulated (Lawson, 2003, p. 108).
It follows that contrast explanation renders most mathematical modeling redundant.
Contrast explanations do not explain some outcome x but some ‘x rather than y’ and ‘to do
so in conditions where we might have expected the contrasted outcomes to be the same,
because, as far as we could discern, they shared the same causal history’ (Lawson, 2009,
p. 408; see also Lipton, 2000). Casting Akerlof’s famous paper The Market for Lemons in
terms of contrast explanation renders the mathematical model of asymmetric information
unnecessary. For Lawson the mathematical model was added by Akerlof to access
economic journals which require a ‘rigorous’ mathematical model. In other words, the
exact same findings in The Market for Lemons could have been made with nothing but
contrast explanation.

The second example is a case study by Tohmé and Crespo (2013) on using abduction
to help select the most creative explanatory hypotheses. The surprising fact that needs
creative explanation is the 2008 global financial crisis. Tohme and Crespo claim that only
the hypothesis that meets the following three abductive criteria is the most explanatory
creative yielding IBE: (1) the hypotheses should satisfy the onset of the crisis (accurate
description); (2) the explanation should be internally consistent; and (3) the border
condition of each hypothesis should be observable (reference to external variables should
be testable). Tohme and Crespo select hypothesis number 4 which explains the crisis in
terms of a swing in the beliefs and expectations of economic agents. But as Popper argued,
post hoc selection tends to be epistemically unproblematic as it does not lead to the
problem of psychology in the logic of discovery. Such an application of abduction also
neglect Peirce’s contention that the loose inferential form of abduction generates its own
novel explanation; their use of abduction is nevertheless consistent with an odd
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interpretation of Peirce held by Rescher (1977) who divides abduction into abduction and
retroduction with the former generating hypotheses and the latter selecting among them.
Rescher (1977, p. 3) claims that Peirce distinguishes between abduction (which
conjectures hypotheses) and retroduction (which is the process of eliminating hypotheses
by experimental testing). Rescher’s view is also singular in so far as he argues that Peirce’s
whole scientific methodology is inductive and both abduction and retroduction are part of
induction. It is also unusual because he distinguishes between abduction and retroduction
and contends that retroduction does not make conjunctures, a claims hard to reconcile with
Peirce’s writing (e.g., ‘... the process of retroduction which suggested the hypotheses ...
to favor the inductive rejection of the retroductive suggestion’ and so on; CP 2.759).
Accordingly, a post hoc abductive exercise such as this is a partial, if incomplete, use of
abduction. Arguably, abduction involves at least three distinct features among which, (1)
the generation of novel hypotheses; (2) the selection hypotheses from rival hypothesis; and
(3) the locking in of hypotheses (Gabbay & Woods, 2001, pp. 22—-23). The paper by
Thome and Crespo offers an application of (2) neglecting how explanations are generated.
It is partial, in other words, to the extent that it neglects generative abduction. Indeed, as
Peirce emphasized, abduction ‘is not based upon any previous knowledge bearing upon
the truth of the hypotheses, nor on any testing of any of the hypotheses’ (CP 6.525).

6. Conclusion

Popper’s rejection of orderly thought in discovery reveals that, throughout his work,
‘logic’ has two distinct meanings. The first rules out induction as a valid form of inference
and understands logic as deductive and demonstrative inference: when the premises are
correct valid conclusions follow. Popper, however, employs logic in the title of his book in
a possibly different sense namely in reference to demarcation project. In Simon’s
contribution to abduction, models of discovery is used instead of logic. But Simon still
contends that there is a logic to discovery in terms of norms that support a means — ends
rationality. For Peirce abduction has an ampliative syllogistic form, not an exacting, truth
preserving, one (CP 5.188). In Peirce’s view, ‘an argument is none the less logical for
being weak, provided it does not pretend to a strength it does not have’ (CP 5.129). In this
understanding, logic is an inference that can be valid yet weak ‘as the inference does not
pretend to license stronger conclusions than it actually does’ (Psillos, 2009, p. 139).
Abduction fits Peirce’s conception of logic as the method of method where logic is not
restrained by narrow secure syllogisms but of logic as stages of inquiry, a lived process, ‘a
living normative science’ (Anderson, 1986, p. 150).

The tension between being and not being logical should not be one, at any rate, if one is
willing to posit abduction as the atomic element in the debate on the logic of discovery.
There are few conceptual gains to be made in searching for an even more micro-logic of
discovery or one that rules out ambiguity, paradox, and novelty. Stated differently but
consistently with Peirce, given that the phenomena abduction aims to enhance our
understanding of namely, discovery, is itself unpredictable and novel, abduction should
resist a restrictive rigid structure in terms of an exact demonstrative logic so that its logical
form is not one of logical implication. Abduction reflects the process of discovery, it is a
model that integrates and emerges from its various components, some of which are
qualitative and interpretive, others more logically exacting.

The abduction project is a complex one mired with internal complexities (abduction
being multi-faceted) and external complexities (discovery being a multilayered, often
ambiguous and socially determined). Furthermore, the integration of qualitative and
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interpretive reasoning necessary for explanation and creativity in abduction is not meant as
an informal substitute while we wait for a model or computer program that can generate
similar effects. Any model of abduction has to integrate a qualitative gap to account for
explanation and creativity. The size of the gap depends on contextual and pragmatic
parameters and may even be the dominant part when a situation of genuine Keynesian—
Knightian uncertainty presents itself.
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Notes
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2.

A

10.
11.

16.

Examples from choice theory are discussed by Hands (1985) and Lehtinen (2011).

Hands (1985, p. 94) view on situational analysis is that it has very little to offer regarding
theory choice. Little or no guidance is offered in response to important questions such as: when
should we accept or reject an explanatory theory involving the rationality principle? How do
we tell a good situational analysis from a bad situational analysis? How should we make
‘progressive’ modifications to a theoretical system which contains the rationality principle?
See Hands (2001). While logical positivist employed induction in the protocol sentence the
approach to their understanding of induction is not ampliative since its objective is a re-
description of observations to form theoretical terms. Such an inductive logic may be called
‘nongenerational justificatory inductive logic’ (Aliseda, 2006, p. 11).

Cf. Peirce (1998, p. 231).

Of course, not all faithful to Simon’s original contribution in the same extent.

At most, short-term memory can manipulate approximately seven symbols, Simon believes,
while complex structures in the mind can only be built up from smaller substructures stored in
long-term memory. The function of familiarization is necessary to the building up of complex
structures in the mind (which are in turn built upon substructures and further smaller
substructures). Familiarization turns information into a symbol through repeated exposure.
Familiarization ‘involves storing in permanent memory information that allows the symbol to
be recognized’ (p. 295). Subsequently, symbols in immediate memory are matched with
structures in long-term memory.

For example, Rorty (1979 [2009]) neo-pragmatism.

The method of hypothesis was used initially. Retroduction is used, as far I could read, only in
the Cambridge lectures. Abduction is used in the Harvard lecture on pragmatism. The modern
choice has been for abduction and the present author shall adopt it. Peirce, however, thought
that retroduction was a more faithful translation of its Aristotelian routes than abduction.
Logic, in mature works, becomes conflated with the scientific method (Psillos, 2009).

See Anderson (1986), Gabbay and Woods (2001), Niiniluoto (1999), and Psillos (2009).
One is probabilistic (‘“The proportion p of the M’s are P’s, S is an M; It follows, with probability
p, that S is a P’) while the other based on a universal or necessary rule applied to a particular
case (‘Every Misa P, Sis an M; Hence, Sis a P’). A third is probably approximate but I think it
can be merged with the probabilistic one in this paper (Peirce, 1940, PWP, p. 194).

Think of what trillions of trillions of hypotheses might be made of which one only is true; yet
after two or three or a the very most a dozen guesses, the physicists hits very nearly on the
correct hypothesis. By chance he would not have been likely to do in the whole time that has
elapsed since the earth was solidified.

Quoted in Anderson (1986, p. 145).

According to Anderson (1986, p. 149).

Accordingly,

we naturally conceive of science as having three tasks — (1) the discovery of Laws, which is
accomplished by induction; (2) the discovery of Causes which is accomplished by
hypothetic inference; and (3) the prediction of Effects which is accomplished by deduction.
(CP 2.713)

Here empirical testing is the discovery of Laws.

In The chief lessons of science; quoted in Rodrigues (2011).
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17.  See also Hausman (2009), Koestler (2009), Jarvie (2009), and Nersessian (2009, p. 146).

18. Day and Kincaid discuss three criteria to tailor explanation to context: (1) it has to be consistent
with some background knowledge and assumptions; (2) internal versus external evidence; and
(3) purposes.

19. See Gabbay and Woods (2001) for an overview of different competing conceptions of
explanation in philosophy of science.

20. Quoted in Loasby (2011, p. 774).

21. Closed models are deterministic in the sense that their focus is on patterns of convergence to
unique equilibria (e.g., gravitating systems, general equilibrium in economics, etc.). In open
models, the focus is on out-of-equilibrium analysis.
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