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Abstract Drawing inspiration from arenowned critique of standard economics moved
by Simon (Q J Econ 69(1):99-118, 1955, Am Econ Rev 49(3):253-283, 1959),
the authors of this paper develop a novel experimental design moving beyond the
hypothesis-testing framework traditionally based on the use of deductive logic, while
introducing a new way suitable for addressing the problem of understanding the impact
of fluctuations and uncertainty in business decision-making. As claimed in the paper,
this can be achieved by adopting an abductive approach to research design that incor-
porates an experimental methodology based on an original computerised real effort
task, so that to explore firms—and other forms of business organisations—serving as
experimental incubators in the market process, pursuing a range of economic enquiries
more adherent to real world business applications. Among these enquiries, in this paper
the authors focus on firms’ capital structure decisions in order to attempt to advance
existing knowledge on the topic of experimental business research within the frame-
work of economics.
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1 Introduction and Motivation

In this paper, we present an experimental design research in relation to the study of
entreprencurship and decision-making, and more particularly of firms’ capital struc-
ture decisions. In order to do this, we draw inspiration from Herbert A. Simon’s
teachings and conjectures on design theory, abductive logic, and data-dniven discov-
ery. Itis worth noting that the entrepreneurship research domain is not well integrated
into the current state of standard economic theory (among others, see Baumol 1968;
Bianchi and Henrekson 2005; Chang 2014; Winter 2016). As we consider opportuni-
ties to learn from entreprencurship and help refine existing ideas or give rise 0 new
conceplts, firms’ capital structure has a special place (for a survey, see Harns and Raviv
1991). Understanding this structure is of great importance partly because the corner-
stone of modem scientific finance—Modigliani and Miller’s (1958) capital structure
irrelevance theory, confirmed later by Stiglitz (1969) and Rubinstein (1973)—is based
on unrealistic assumptions without taking account of the structural features of the real
world (e.g.. see Ross 1977), partly because there are no consistent explanations on
this subject in mainstream economic analysis (see also Lopez-Iturnaga and Rodriguez-
Sanz 2008; Yang et al. 2014), and partly because capital structure decisions have a
profound impact on economic activity and aim to address longer-run economic issues
as well, such as economic vulnerability, financial fragility and instability. Not sur-
prisingly, the latest economic and financial cnisis, which peaked in 2008-2009, has
altracted more attention and interest recently than that of focusing on perfect neoclas-
sical hypotheses, both confirming the importance of the still open issues on which
economic theory could go further afield and strengthening the quest for greater real-
ism. Most certainly, the standard theory of the firm and production has been a source
of constant debate and contention as well as a dilemma rooted in both methodological
and theoretical concems, to such an extent that it has become one of the most contro-
versial topic of neoclassical economics. This was due to the fact that it was extremely
problematic to realise why the profit-maximizing equilibrium should not be of a size
detrimental to the very foundations of neoclassicism and, more precisely, Lo the unreal-
istic assumption of a perfect competition. Actually and necessarily, without a faultless
theoretical equilibrium neoclassical economics could not predict the direction of the
conditioned response of an economy to exogenous pressures or shocks, and without
the assumption of a perfectly competitive economy they could not claim the superior
welfare-efficiency of competitive market equilibria (among others, see Nelson and
Winter 1974; Penrose 1995).

In what follows, accordingly, we start paying particular attention to the issue that
entreprencurship does not sit comfortably with neoclassical synthesis. According
to Jacobides (2015) and particularly to Winter (2016), indeed, we share the com-
mon belief expressed by several economists that, in view of the awkward place of
entreprencurship in contemporary ¢Conomics,

mainstream economic theory has often stood in the way of progress in under-
standing entreprencurship. [...] [Tlhis sitwation has deep roots and cannot
be remedied without major adjustments in our theories of economic behav-
ior. An economic theory that provided a more natural home for the study of



entreprencurship would also facilitate research on many other phenomena in
which mstitutional contexts and ongoing change are central—the prominent
recent example being the operation of the financial system. (Winter 2016, p. 16,
italics added).

By its very nature, as a matter of common knowledge, the mainstream economic theory
hinges upon a standard normative account of decision-making, also known as “opti-
misation” or “maximising behaviour” (among others, see Becker’s definition 1976),
involving an undeniable commitment to reliance on normative theories of decision.
This reliance is ubiquitous within standard microeconomics—playing a significant
role in affecting macroeconomic aggregates—Ito such an extent that is found not only
in the account of individuals” behaviour, but also in the account of firms’ behaviour as
well, seeing as how the neoclassical textbooks consider firms exclusively as unitary-
rational agents, whereby firm’s choice behaviour is that of a perfect rational individual.
On the one hand, therefore, this key concept underpins reasons for using the hypoth-
esis of perfect rationality in micro and macroeconomic models (among many, see
Lucas 1981; Sargent and Wallace 1975, 1981). On the other hand, however, this has
given rise Lo a controversial issue whether the idea of perfect rationality entails that
the individuals are omniscient or “econometric wizards”.! Nevertheless, the expres-
sions of theoretical approaches to that key concept throughout the centuries went from
everyday language to mathematical abstraction—even, at times, rhetorical mathe mat-
ics—from Adam Smith’s early writings to the significant tum that the economics
discipline took around the middle of the Twentieth century with the advancements in
utilitarianism, first understanding utility as ordinal and, afterward, with the axiomatic
treatments of decisions under nisk. From a pragmatic standpoint and more than any
other, Simon (1955, 1957) first questioned and then challenged that key concept by
starting from the intuition that utilitananism and the normative theories it subsumes
are simply too difficult to implement if not even unrealistic. As Simon remarked in his
insightful critique, utility theories—including expected utility theory, rational choice
theory, and the Bayesian updating approach—are not compatible with the relatively
complete access to information and the computational capacities that humans actu-
ally possess, specifically with respect to both the whole set of alternatives available
to achieve their goals and the real world in all its complexity. In all their variations
and formulations, notoriously, utility theories along with the unrealistic assumptions
to which they give rise in standard economics modelling pre-suppose that humans are
concemed with both stocks and flows of knowledge systematically, a well-organised
and stable structure of preferences, and an excellent ability to compute utility values
for all possible paths of action that are available to them. Therefore, Simon asserted
that these abilities and capabilities—that would be needed for any decision maker
in order to be distinguished as “rational™ and thus “economic”—are found neither
in humans nor in the artifacts they create. Relying on Simon’s insights conceming
limitations to rational behaviour, humans have “bounded rationality™ that does not
allow identifying and taking into account all the alternative actions and, thus, more

! Among several critics, see Hirshleifer (1965), Hirshleifer and Riley (1979), Kaldor (1982) and Simon
(1982).



realistic conditions and additional characterisations have to be introduced to find an
accurate model of rational behaviour that is compatible with actual human abilities
(Simon 1955). Among these conditions and characterisations, the fundamental one
that Simon introduced in economic theory, even if not immediately implemented in it,
concems a substantial revision of the concept of human rationality in decision-making
and, more specifically, in human economic behaviour. With Simon, in a particular fash-
ion, the role assigned to human rationality in decision-making is somewhat reduced,
becoming an emerging reference term with a considerable cognitive emphasis. Back
to basics, it should be noted that Simon (1955, 1984) also proposed his emerging
reference of bounded rationality not only with regard to cognitive constrains, but also
with regard to ontological grounds so as to approach his reference either by inquiring
into the properties of the choosing organism, or by inquiring into the environment of
choice in order

to deal with the characteristics of the environment [of choice] and the interrela-
tions of environment and organism [of choice] (Simon 1955, p. 100, emphasis
added).

Furthermore, and quite properly,

[bly identifying limitations on ontological grounds, [Simon] pioneered the con-
cept of heuristics (mental short-cuts) as an alternative to calculative rationality,
providing abasis for behaviowr under uncertainty, where rationality is bounded.
Indeed, starting from evidence of the nature of actual decision making rather
than the benchmark of constrained optimisation, Simon saw heuristics in a posi-
tive light (not aconstraint), as enabling decision making under uncertainty, rather
than a source of rigidity in mainstream choice theory (Earl 2012). (Dow 2015,
p. 39, emphasis and italics added).

Following on from Simon’s emerging reference, cogent experimental evidence grad-
ually revealed that humans suffer from cognitive limitations in their ability to make
good judgements, for example with regard to several known probabilities on which
to ground their rational choices. Humans, therefore, rely on heuristics,” which imply
distortions in the predictions of standard decision theory (see Kahneman and Tversky
1974; Dow 2015). In one of his very last contributions to the immense body of work
he produced, Simon (2000) sketched some of the challenges to be faced by economists
in the ongoing accelerating shift from neoclassical economics to an economic theory
grounded on agents’ bounded rationality. In doing so, he summarnised, among others,
the status of the concept of rationality within the social sciences. At the dawn of the
twentyfirst century, excluding psychology, the idea that Simon had on rationality could
be represented through three major generalisations. The first concems the decline in
the popular appeal to the belief of maximisation of expected utility as the core of

2 Itis warth remembenng that unlike the conventional heunstics of the earliest programme introduced by
Kahneman and Tversky (1974), the heunstics in the post-Kahneman-Tversky er are focused on spelled-out
and articulated algorithms (Gigerenzer and Goldstein 1996). These heuristics are supposed to make humans
smart in terms of Simon's (1982) approach to bounded rationality, rther than being merely misleading or
revealing cognitive illusions and shortcomings. Therefore, Simon considered cognitive and informational
constraints in a broader sense than Kahneman's and Tversky's subsequent analysis narrowed.



microeconomic rationality, particularly thanks to the emergence of a substantial body
of empirical evidence pertaining to the real economic behaviour. In this regard, he
argued that:

Dissatisfaction has led to the introduction of ad hoc patches to the theory in the
form of specific, but seldom empincally-grounded, assumptions of limits upon
rationality. Economists have become increasingly cynical about the neoclassical
formalism, and increasingly interested in altemative theories and new empiri-
cal approaches, like experimental markets, 1o obtaining a better formalism, both
macro and micro [...]. Very visible members of the “formal” majority—such
figures as Kenneth Arrow and Tom Sargent—have expressed major doubts pub-
licly about neoclassical theory, especially as it applies to uncertainty, and have
turned their attention to possible new ways to formalize theory. (Simon 2000, p.
34, italics added).

The second Simon’s generalisation lies in the older approach to rationality, or prag-
matic rationality, which prevails in all of the social sciences with the exception of
economics. In this respect, the progress of deductive reasoning into the social sciences
has reached its peak so that started to decline. He added that many advancements have
been made in the last four decades of the twentieth century, mostly in the field of
cognitive psychology, inorder to express and develop an empirically grounded theory
of decision-making and problem solving processes.

The new theory does not exhibit the very high levels of abstraction and general-
ization that characterized neoclassical theory in the lasthalf of our century, but it
does lend itself very well to formal simulation with computer models - that is to
say, with symbolic difference equations instead of the more familiar arithmetic
differential equations borrowed from physics. The theory includes not only the
processes of choosing among alternatives, but also the processes for generating
new alternatives, hence meets a basic requirement for any satisfactory theory of
long-term economic phenomena. (Simon 2000, p. 35).

The third generalisation considers the large task both of systematising the theory of
bounded rationality—that is, organising the empirical representations of economic
processes that diverged widely from neoclassicism and have already been assem-
bled—and of continuing to provide the body of facts in order to develop an empirically
reliable reformulation of microeconomic theory. To handle this last generalisation,
Simon articulated his own view on the future of economics profession resorting to the
use of several tools. It is worth pointing out that these tools were supposed by him
as new equipment for the third-century economist’s toolbox to be used for (1) find-
ing empirical phenomena, (2) building theories, (3) testing theories, and (4) dealing
with uncertainty.” With regard to the first point, it is to be said that the conventional
empirical research in economics—aggregated datasets analysed by statistical regres-
sion methods—can only provide just one tool in the economist’s toolbox, but this
does not mean it is the most relevant. Indeed, one key requirement for the advance-

3 Simon's view of uncertainty regarded the future environment, the reactions of other agents, and changes
inone's own tastes and values.



ment of the economics profession is the broadening of the methods to gathering data
(among others, see Griliches 1986). Not only that, but particularly in the matter of
experimentation, it has become increasingly evident that economists need to under-
stand in depth how to design lab and field studies on microeconomic decision-making,
especially within firms and organisations. In an effort o contribute to research into
the capital structure of firms through the magnifying glass of the experimental design
rescarch, this paper has evident implications for corporate finance and experimental
economics. In this regard, first, Fisher’s (1933) prescient concern on what are now
referred 0 as balanced sheet effects and, second, the aforementioned Modigliani and
Miller’s (MM) 1958 paper gave rise to theoretically and empirically grounded inves-
tigations on the relationship between the capital structure and the market value of the
firm. Under MM’s assumptions the capital structure does not affect the value of the
firm. Consequently, entrepreneurs and/or managers have no target to achieve when
managing the capital structure. Over a half-century of research has produced several
theoretical justification for the existence of an optimal capital structure (among the
many, see Bradley et al. 1984; Schauten and Spronk 2010). However, the empirical
literature provides no clear insights on whether an optimal capital structure exists (for
a recent contribution, see Flannery and Rangan 2006). In addition to the previously
mentioned implications, it is convenient to highlight the differences between the per-
spective adopted in this paper and that stemming from MM’s work. To this purpose,
the explicit consideration of different financing costs and the bailout cost* is one
of the main features characterising the experimental design presented in this paper.
Furthermore, in a setting built on uncertainty in the sense given by Knight® (1921),
the investment and financing decisions are based on conceplts, such as entrepreneurs’
sentiment about current economic and financial conditions as well as forward-looking
projections of future economic activity, which cannot be handled in ngorous quantita-
tive models. Therefore, we propose a novel research approach which responds to calls
for an experimentally grounded capital structure theory drawing from Simon’s method-
ological conjectures and which is to be useful especially when deductive approaches
cannot be implemented, e.g., when the economic environment is characterised by
uncertainty. It is from this starting point that we focus mainly on firms and their bal-
ance sheet analysis within a Marshallian apparatus of cost and revenue functions.
Accounting for real physical capital, we introduce the prototype of an experimental
design that can be used to study the retum on this kind of capital, that is, the cash
flow that the asset will yield from operations, i.e., the Marshallian quasi-rent, while
carrying costs are represented by the interest payments. In this way, we shed new
light on the close relationship between firms’ balance sheet structure and the business
cycle (e.g., Tirole 2006), which became the core of our experimental analysis. The
introduction of financial motives is of particular importance because the management
of firms implies the avoidance of bankruptey (the survival constraint). In this con-
text, the decision of financing a “position” binds the firms to payment obligations

4 As explained in more detail in Sect. 3, we refer to the bailout cost as a device to deal with corporate
insolvency.

5 In particular, wereferto Knight's conceptof structural uncertainty, or “Knight-Keynes™ uncertainty ( Taleb
2010).



undertaken in the past and affects the broader performance of them and, more gener-
ally, of a capitalist economy. The renewed attention to firms’ balance sheet structure
and the business cycle since the recent Great Recession has not yet led to a solution
due to the difficulties in microfounding firms’ dynamic behaviour through a deduc-
tive approach. The abductive approach proposed in this paper is thought to design an
experimental research and is meant to be further implemented in lab and extra-lab
apparatuses, while helps to overcome difficulties with microfoundations and brings
a more rigorous appeal to the construction of an empirically based microeconomics
(Simon 1984). Since the last century, the capitalist provisioning process has entirely
evolved within the framework of money manager capitalism in a dialectical fashion.
According to this, furthermore, a going concern in a capitalist economy must be ready
to raise capital for expansion and/or innovation to meet, or prevent from, competing
internal and extemal expectations. In view of the key role played by investment in
the economic growth process, we think it is fair to say that the investment horizon is
systematically longer than the horizon to finance current production. Consequently,
firms’ debt structure becomes a major determinant of their stability together and along
with the stability of the economy as a whole (see also Atkinson and Whalen 2011).

In this paper, we set out to make two distinet contributions. Firstly, our focus is on
reconsidering Herbert A. Simon’s grand themes in the economics of organisations in
order to propose an experimental study based also on his methodological conjectures,
considering an altemative use of experimentation in economics largely neglected in the
community of social scientists. Secondly, notwithstanding the existing experimental
research on asset market behaviour (for a survey, see Noussair and Tucker 2013), we
provide an original contribution to experimental design research on entrepreneurship
with the aim to foster, to the best of our knowledge, one of the first abductive inquiries
that will try to explore the behaviour of individuals in dealing with business decision-
making and, particularly, capital structure management. This will have to be carried out
in a future study by running several experimental sessions® and analysing the data in
order to obtain both personal-individualised information as well as information about
different groups of individuals in some areas of the world. The following section
delves into Simon’s design legacy to grasp the relevance for design research and the
related logic of discovery, and to help denve insights that can drive the purpose of
this paper forward. In Sect. 3, we introduce an abductive experimental design based
on how entreprencurship might be considered in the context of a microeconomics
which might have been taught by Herbert A. Simon. More specifically, we yeam to
experimentally investigate into how a firm’s value and profitability is affected by its
capital structure decisions. The final section offers a discussion on lessons learned
with our concluding remarks, together with shedding light on our ongoing research in
this field.

& We refer mainly to controlled experiments of the type lab and extra-lab, especially of the Internet type,
50 as to invol ve several countries and cultures, though this future study has already been started.



2 Simon’s Foundations for Design Research: A Commitment to
Empiricism and Experimentalism

“Itis a capital mistake to theorize before one has data. Insensibly one begins to
twist facts to suit theories, instead of theories to suit facts.” Sherlock Holmes™ s
admonition in “A scandal in Bohemia™ (Doyle, 1986 [1891], Vol. 1, p. 212).

It is worth briefly discussing the role of design and, signally, of design research and
its relationship with Herbert A. Simon’s logic of discovery. Although the number of
approaches to dealing with the design issues and the diversity of conflicting views and
definitions would suggest the adoption of a multi-perspective approach to explicate
the concept of design, we focus on furthering the understanding of the value of design
research and how design research draws this value from Simon’s design thinking.
Indeed, by taking a leaf from Simon’s wide-ranging definition of design as a problem-
solving behaviour, it must be acknowledged a fundamental common ground of design
as research, or rather a science of design, that nourishes a novel way of thinking and
an interdisciplinary field of study concemed with the creative activity of making the
artificial world:

[e]veryone designs who devises courses of action aimed at changing existing
situations into preferred ones. The intellectual activity that produces material
artifacts is no different fundamentally from the one that prescribes remedies for
a sick patient or the one that devises a new sales plan for a company or a social
welfare policy for a state. (Simon 1996 [1969],p. 111).

Having its roots in the pragmatic conce pt of inquiry and productive science, this highly
regarded definition not only implies a wide programme for a scientific approach to
design, but also operates extensively within the context of Simon’s prior work on
solution-searching and sarisficing.” That is why design research can be considered,
ultimately, as a valuable approach for problem-framing and as a satisficing activity
composed, inter alia, of the same set of heuristics that can be retrieved in problem-
solving processes within a bounded rationality perspective.® Focusing on the above
definition, besides, one can notice that by associating design with artifacts—in that
they are designed by humans for a certain practical purpose although not necessanly
with full foresight—and without restricting an artifact to being something physical,
Simon raises the possibility to ascertain the concept of artifact and the importance of
functional descriptions in the characterisation of artifacts. In that respect, a contextual
definition of artifact is provided by March and Smith (1995) who distinguish four
different types of artifacts that can be yielded by design science research. By thus
focusing on the output of design science research, artifacts can occur in the form of
constructs, models, methods, and instantiations. For that matter, the further consid-
erations of design as a problem-framing and as a space of possible actions (Newell

7 Simon's sarisficing is a hybrid term {neologism) that encapsulates the combination of satisfying and
sufficing (a mare in-depth explanation of satisficing is provided in Velupillai 2010b).

% The idea of identifying design with problem-solving and pursuing it under the umbrella of bounded
rationality has been lively discussed and debated across scientific discplines for decades (e.g., see Newell
etal. 1962: Schin 1983: Rowe 1987: Hatchuel 2001: Visser 2006, 2009).



and Simon 1972; Simon and Hayes 1976; see also Cross 2004; Knppendorff 2007),
or frame creation or problem isomorphs, lead to the acknowledgement of a problem
space within a design space’—one of the backbone concept of design theory—as a
human creation (artifact) but going beyond the mere artifacts to involving structures
and systems, as well as organisational or social environments, that arise in order to
cope with onboarding complexity, increasing amounts of data and information, and
the growing need for problem-solving. The human beings themselves, paradoxically,
as they adapt to the complexity of their environment, can be thought of as function-
oriented artifacts of that environment or, in any case, as task-related artificial entities
of it. Accordingly, the concept of artifact can be interpreted broadly: engineering arti-
fact can be designed, but so can organisations such as firms, markets, economies, and
larger social complex systems. Deeply engrossing yet objectively simple, this overar-
ching view of design-led research approach enables Simon to state that “in large part,
the proper study of mankind is the science of design.” (Simon 1996 [1969], p. 138).
Implicit in this reasoning, since design research draws on “design causality” in order
to produce knowledge that is both actionable and open to validation, Simon noted
that

[design] is the principal mark that distinguishes the professions from the sciences.
Schools of engineering, as well as schools of architecture, business, education,
law, medicine, are all centrally concemed with the process of design. (Simon
1996 [1969], p. 111).

In Simon’s seminal works developed within the field of design research (1996 [1969]
and 1984 [1973]), the sciences of design become the essence of the sciences of the
artificial or constructive research programs, featuring coverage on a broad range of
disciplines and perspectives including engineering, computer science, and almost all
of the social sciences such as economics. It is not a coincidence that Simon identified
the sciences of design as genuine sciences, considering engineering design the refer-
ence point and recognising the modem world much more as an artificial—or human
made—than a natural world:

Historically and traditionally, it has been the task of the science disciplines to
teach about natural things: how they are and how they work. It has been the task
of engineering schools to teach about artificial things: how to make artifacts that
have desired properties and how to design. (Simon 1996 [1969], p. 111, italics
added).

We are faced, therefore, with a form of scientific knowledge production both con-
cemed with devising artifacts and heterogeneous systems that serve real-world needs,
challenge constraints, and focused on the process of how we solve problems and
address underlying causes. At its most basic level, design research can be addressed
through well designed problem-solving experiments, including the development of

A design space is characterised by different types of initial knowledge and hypothesis, generally under-
stood in terms of a set of characteristics and measures, according to which a multidimensional design space
is defined involving a number of intemrelated activities, and within which the ultimate solution must be
sought as if design was a search (Newell and Simon 1972: Hatchuel et al. 2005).



novel hypotheses and solutions. Across different disciplines, consequently, substan-
tial attention has to be paid to develop design methods and to perform new experiments
aimed at improving effective scientific knowledge so that a design research pro-
gram can appropriately be termed scientific in nature, including specific scientific
or research objectives. With regard to economics as a discipline, what is more fun-
damentally innovative within the vast and evergreen field of Simon’s conception of
design research is the possibility to design randomised experiments by developing
more appropriate and effective approaches to investigate complex problems, such as
the design of a novel approach to how firms make decisions through the experimental
methodology, according to which entreprencurial behaviour is exhibited across sev-
eral levels of complexity and, most importantly, can be described and explained in
terms of problem-solving behaviour (see Newell and Simon 1972). The intellectual
strength of experimental methodology lies with its universality—all research domains
can benefit from it. The expectation is that experimental economics will continue
to succeed both in facilitating research across a broad spectrum of topics and in
enhancing the foundations of research in economics, starting from microeconomics.
Indeed, from the point of view of design as a separate problem-solving approach
to decision-making within organisations such as firms (Simon 1997), neoclassical
economics has very poor explanatory power, while other social sciences also fail to
support a normative theory of entreprencurship that adequately describes business
organisations’ activities. In this regard, standard economics had been harshly criti-
cized by Clarkson and Simon (1960) especially by analysing decision-making within
firms:

With great ingenuity, we axiomatize utility, as a cardinal quantity; we represent
risks by probability distributions. Having done this, we are left with the question
of whether we have constructed a theory of how economic man makes his deci-
sion, or instead a theory of how he would make his decision if he could reason
only in terms of numbers and had no qualitative or verbal concepts. (Clarkson
and Simon 1960, p. 924).

The problem is closely linked to understanding how people make decisions and, in this
paper, how entrepreneurs make their production and financing decisions (see Sect. 3).
This understanding may enable researchers to devise methods to develop evidence-
based entrepreneurial strategies and improve data-driven design choices. By focusing
on decisions made within organisations, Simon called for the development of opera-
tional research and systematic empirical evidence even using the experimental design
toolin the field of administration and management (Simon 1957 [ 1945]). Fundamental
to this approach is the articulation of Simon’s fact-value distinction, the argument that
empirical facts and normative values could be detached, and that one basic characterns-
tic of science is that it deals with a body of facts, not values. For Simon, administrative
and managerial decision-making has its dependence on value and factual constituents,
while a science of administration and management should focus on the factal con-
stituent, which can be detected by data and information systems systematically. As
Simon explained,



Every decision involves elements of two kinds, which are called ‘factal’ and
‘value’ elements respectively. The distinction proves o be a very fundamental
one for administration. [... | [TThe conclusions reached by a particular school of
modern philosophy—Ilogical positivism—will be accepted as the starting point,
and their implications for the theory of decisions examined. (Simon 1976 [1945],
p. 45).

Rather than beginning with one or more hypotheses, the benefit of studying facts is
that propositions or hypotheses based on facts can be

tested o determine whether they are true or false—whether what they say about
the world actually occurs or whether it does not. (Simon 1957, pp. 45-46).

This practice is central to the logic of discovery debate and is frequently combined
with devising a subsequent hypothesis or theory in order to explain those facts, being
particularly termed as abductive logic or retroduction (see Peirce 1931, 1934; Hanson
1958, 1960; Simon 1973, 1977 [1968], 1997). Questions on the logic of discovery
were largely shaped by Simon and, according to his account, there is a specific log-
ic—or in Simon’s own terms, a model—of discovery known as abduction. Abduction
is about investigating the relationship between everyday experience and conceplts,
which is similar to—even though not exactly the same as—induction. According to
Peirce (1931, 1934), it constitutes the early stage of a scientific inquiry and of any
interpretative process of finding premises and, as a matter of fact, is the only log-
ical process that fosters the introduction of new ideas. Therefore, abduction is the
process of developing an explanatory hypothesis by covering the selection and/or
the formation of a conceivable hypothesis. As a process of finding premises, it is
the starting point of interpretative reconstruction of causation and intentionality, as
well as of construction of theories, while demanding recoding of empirical or exper-
imental data. Within the core ideas of pragmatism, which includes a commitment to
empirical inquiry and a logic of discovery, Simon claims scientific discovery with a
strong empiricist component. Since the empirical credentials that contend scientific
discovery are based on observed and/or experimented facts, designing predominantly
involves abductive reasoning and construction as a valuable approach for generating
new hypotheses within a forward-looking form of thinking (Putnam 1992; Zimring and
Craig 2001; Velupillai2010a; Chen and Kao 2016). Experimentalresearchprovides the
most powerful design for reconstructing of causation and constructing of hypothesisor
theories, because it allows to establish the first three critenia for causality (association,
time order, and non-spuriousness or lack of confounders) with intemal and external
validation.

Actually, Simon challenged Popper’s sceptical view (1957) on induction (including
abduction), and more generally on the existence of a logic of discovery, both explain-
ing that “where” scientific ideas come from does really matter, arguing that the most
valuable scientific activity is the generation of explanatory hypotheses or theories, and
introducing his own conception of abduction as a problem-solving, computationally
implementable, heuristical model. Having its roots in heunstic search, and related
theories of computer efficiency in artificial intelligence, abduction becomes a discov-
ery model articulated as a problem-solving heuristic encoded in a computer program



(Simon 1977 [1968]; see also Mabsout 2015). Thus, in this scheme of things, a body
of data is the starting point to search for theory, or generalisations, in order to describe
the data or explain them (Simon et al. 1981). In essence, Simon’s design thinking is
ultimately based on empirically- or data-driven discovery and, on the whole, on scien-
tific discovery as problem solving. This requires a deep understanding of what people
actually do and decide in everyday life, using tools such as iterative prototyping and
explorations. Speaking of which, therefore, Simon asserted that design can be concep-
tualised as a problem-solving activity, which can in turn be conceptualised as a search
process far and wide within the design space of possible solutions. Theoretically,
search can operate and deliver its function even through simple algorithms or bundles
of algorithms. This conceptualisation can make meaningful design or problem-space
search, even accomplished through recurrent use of quite simple algorithms. This is
what Simon effectively maintained in the later edition (1996) of his groundbreak-
ing book “The science of the artificial”, that is, an instrumental theory of design. In
this seminal work, Simon argued that science gathers and develops knowledge about
what already exists and works, whereas design involves individuals using knowledge
to create what could or might be, that is, something that does not yet exist. Simon
implicitly conceived of an analogue to evolutionary theory, where the conceptualisa-
tion of problem space and evolution as problem solving algorithm are also considered,
while acknowledging that the process and its results are non-predictable. The impor-
tant point for a discussion on Simon’s process of human problem solving and decision
making is that

the thought process by which scientists discover laws, form concepts, and con-
struct theories is not amenable to logical inquiry. And while thinkers such as
Popper were obsessed with the question of how and why science differs from non-
science, Simon pondered the commonality between scientific and other kinds of
creative thinking that goes on in invention and design. (Dasgupta 2003, p. 686,
italics in the original).

In view of the key role played by few major themes in his “Models of discovery™
(1977), that is,

concern for the picesses of discovery and deemphasis of verification, treatment
of the modalities in terms of model theory, use of the notion of identifiability in
the interpretation of theoretical terms, a characterization of complexity, and an
application of that characterization to the study of scientific discovery (Simon
1977, p. xix, italics added),

we think it is fair to say that Simon entered creativity and thus design studies chal-
lenging Carnapian and Poppenian arguments (among others, see Newell et al. 1962;
Simon 1977; Langley etal. 1987; Kulkami and Simon 1988, 1990) both by relating the
philosophical questions to methodological issues that have anisen in his own research
and by putting the discovery of theories, rather than their testing, at the centre of his
basic approach to methods of science. This approach isconcemed with empiricism and
experimentalism as the basics for knowledge and for uplifting the scientific endeav-
our, in an effort to elevate the social sciences to the status of hard sciences in terms
of methodological accuracy, experimentation, generalisation, and value neutrality. We



believe this approach, particularly suitable for computer use, delivers the most pow-
erful and meaningful results especially in certain social sciences that lack scientific
rigour and factual data as well. It is no chance occurrence that Newell and Simon
(1976) argued that every new computer program can be a valuable basis for discov-
ering new phenomena or for exploring phenomena already known before. This may
apply mainly to computer science research as well as o expenmental management
studies and economics.

3 The Experimental Design Setup and Procedure: A Novel Computable
Iterative Algorithm

And by what reasoning does the management scientist advise the business firm:
‘Produce 2000 units of product next month’? (Simon 1965, p. 170).

In this section, we propose and discuss an experimental design to be implemented
in a computable fashion by means of a novel iterative algorithm for conducting an
experimental economics research in the field of business economics and corporate
finance and, specifically, for investigating capital structure decision-making and firm’s
profitability. Our study can be traced back, essentially, to Newell and Simon (1972,
1976) for what concems problem-solving, to Simon (1978, 1987, 1995) with regard
to procedural rationality and recognition-and-heunstic-search, and to Simon (1955)
and Velupillai (2000, 2010a, 2018) as far as computable economics or computational
pragmatism'? are concerned. In particular, our purpose is to design a real-life exper-
imental application in the context of entreprencurship research as a science of the
artificial, by resurrecting a role for the tradition of abduction and venfication, viewed
and formalized algorithmically. According to Sarasvathy (2003, 2004), entrepreneurs
design firms as human artifacts even to shape their future markets. Indeed, firms and
markets are not exogeneous entities coming o economics and the real world, but the
result of a social convention that can be treated as human artifacts continuously evolv-
ing, changing their purposes or their evolutionary processes, and eventually going out
of business and ceasing to exist. In order to conduct our study, we have chosen to use,
as research methodology, the design research within the logic of discovery typical of
Simon’s abduction both to explore concepts in the real-world ' and to search for pat-
terns that may be insightful, offering the possibility of providing an understanding to
the phenomenon investigated. In this view, we build an artifact algorithm ' preparatory
to afurther development of a graphical experimental interface which embodies several
closely related cycles and levels of treatments introducing an original computerised
real effort task (among others, see van Dijk et al. 2001; Falk and Fehr 2003; Briiggen
and Strobel 2007; Carpenter et al. 2010; Gill and Prowse 2012). Therefore, consistent
with Simon’s account of abduction, we present a design to be further implemented

19 Other authars have been interested in the topic of camputable economics, such as Rabin (1957) and
Lewis (1986, 1991), but they are not closely related to the purpose of this study.

1 The expenmental design proposed in this paper has to be run with human subjects and, as a control
group, with real-life entrepreneurs.

12 An algorithm to relate the expen mental design to randomly assigned human subjects.



developing a graphical user interface so as o run an empirically-driven experiment,
i.c. exploratory experimentation, and in order to address the lack of realism that Simon
pointed out in the economic theory raising the need for an empirical and/or experimen-
tal study of how decision-making is performed in practice. As authoritatively stated
by Simon (1996),

our present understanding of the dynamics of real economic systems is grossly
deficient. We are especially lacking in empirical information about how eco-
nomic actors, with their bounded rationality, form expectations about the future
and how they use such expectations in planning their own behavior. Economics
could do worse than to return to the empincal methods proposed (and prac-
ticed) by George Katona for studying expectation formation, and to an important
extent, the current interest in experimental economics represents such a return.
In face of the current gaps in our empirical knowledge there is little empirical
basis for choosing among the competing models currently proposed by eco-
nomics to account for business cycles, and consequently, litte rational basis for
choosing among the competing policy recommendations that flow from those
models. (Simon 1996, p. 39, italics added).

After the fundamental studies published in 1955 and 1956 (Simon 1955, 1956), pur-
ported to empirically study decision making process through the joint use of laboratory
experiments and the computer simulation (Barros 2010), Simon took part in an original
research study—along with Holtetal. (1955, 1960)—in the same vein to that presented
in this section, but with a different approach and from a different perspective. That
research study showed a constant emphasis on multiperiod analysis, usually involving
random fluctuations in the demand (including demand forecasts), and developed a
dynamic programming algorithm for three broad subject categories with linear deci-
sion rules: production and workforce planning in the firm; inventory and production
rules; and related mathematical and statistical denivations. Nevertheless, according
to Newell and Simon (1972), Simon and Hayes (1976) and Simon (1978, 1996), our
experimental design rulesare tightly bound to the specific circumstances of a particular
problem space and problem isomorph. For our research purposes, these circumstances
are likely to include the main characteristics of manufacturing/production firms. The
experimental design developed by us is thus complete in the sense that it identifies
a specific problem space for business economics and corporate finance research, an
underlying set of related basic microeconomics principles densely interconnected and
most effective, an individual decision-making real effort task for a role-playing game,
a solution process, and a unifying logic-based framework for computing that ties it all
together into acoherent whole. Substantially, the design proposed is fine-tuned to a par-
ticular problem space within a typical entreprencurial framework. ' In order to apply
the design rules and create our own design representation, we use as main component

13 In this regard, we draw on experiences from (1) design science in information systems research (Simon
1996 [1969]: Hevner et al. 2004): (2) computer-supported business games and simulations (Meier et al.
1969: March and Smith 1995: Sutcliffe 2002): and (3) a specific entreprencurial framework withits financial
and microeconomic aspects (Giulini etal. 2012) clasely connected to the works of Myers and Majluf(1984)
and of Koeva (2009) among others.



an algorithm. The algorithm developed is iterative, computer-aided type, and is the
essence of the proposed experimental design. Indeed, the algorithm is fundamental to
the experimenter to build a graphical user interface in order to be able torun a series of
lab, field, and extra-lab experiments so as to explore firms’ capital structure decisions
(computer-aided entrepreneurs’ decisions algorithm or algorithm fesd: firms’ capital
structure decisions). The experimental subject plays the role of an entrepreneur and
hasto manage a manufacturing firm by completing a real effort task in the experimental
setting considered. At the beginning, she has to decide how much to produce, that is,
to inputa value of the amount to be produced, which corresponds exactly to her initial
amount of capital, according to a particular production function. For the sake of sim-
plicity, actually, we implement a very simple production function, in which one unit
of capital provides one unit of product. After deciding the amount to be produced, she
has to decide how to structure the amount of capital between equity and debt (balance
sheet identity). The main aim of the experimental subject is that of an entrepreneur,
in other words, to maximise her profit that it is given by the average of ROIs
obtained in each time-period (round) minus a penalty for any bailouts. It is expected
that the experimenter will define a set of parameters capable of establishing the
desired treatments to be delivered to the experimental subjects. The parameters are as
follows:

e g:levelof difficulty: thelevel of difficulty is underpinned by a nearly-decomposable
structure (Simon and Ando 1961; Simon 1962) and is not simply a parameter of the
experimental task, butit is also a function of the way subjects interpret and approach
the task itself:

e level 1: leverage;

e level 2: depreciation (o be added to the task in level 1);

e level 3: uncertainty regarding market demand (to be added to the task in level 2;
uncertainty means that from level 3 onwards, there is no longer a reliable market
demand forecast);

e level 4: irreversibility of the investment made (to be added to the task in level 3);

e level 5:indivisibility of the investment made (to be added to the task in level 4).

e N: number of time-periods (rounds);

Jj: identifier (id) of the experimental subject to ensure her anonymity and to be used

to store her data in a database for subsequent data mining and analysis;

e ry:reward for the entrepreneur or sharcholders;

e rp:interest rate charged by the bank, considering that rq >rg (Myers and Majluf
1984);

e d": capital depreciation (%);

o vX: production scale increase (%);

e cp: bailout cost;



v- vector of market demand for all N time-periods, 1 <1 < N;

Vo vector of the market demand forecast for all N time-periods, 1 <t <N';

w: variable cost;

f: parameter that sets the adjustment costs (Hartman 1972; Bagliano and Bertola
2004).

Once the parameters are set, the expernimenter will be able to provide the experi-

mental treatment—given by the level of difficulty—to subjects and thus collect their
experimental data in each time-period, for each subject. At this stage, we focus on
quantities so that prices are not considered in the analysis. How the algorithm fesd
works through these steps:

1.

(S

3

In each time-peniod 1, the experimental subject has to make two decisions: (1)
how much to produce (production scale) and (2) how to finance the production.
Initially, the production scale determines the level of capital and, subsequently,
cannot exceed the total capital available. In deciding how to finance the production,
she is asked how to structure her capital by differentiating between equity and debt
in each time-period. The subject has a demand forecast that helps her decide how
much to produce at this level. From level 3 onwards, itis expected that the demand
forecast will become unreliable, de facto introducing uncertainty. The forecast
as well as the realisation of market demand are both under the control of the
experimenter, who passes them as vectors of values to the algorithm, allowing
maximum freedom in their determination. In any case, the experimenter will tend
to set up all possible forecasts and market demand realizations based on time
series of demand showing an increasing trend: indeed, financial fragility tends to
mcrease during prolonged expansions. At levels 4 and 5, the algorithm will allow
to enter values consistent with the level of ireversibility (level 4) and indivisibility
(level 5). At level 4, inmore detail, the experimental subject will only increase the
production scale and will have to take advantage of the depreciation in order to
obtain a decrease of it. At level 5, the experimental subject will only increase the
production scale but operating in a default mode given by the setting of parameter
R,

After entering the amount to be produced, the experimental subject finds out the
effective amount of market demand and the algorithm calculates the economic
result, denoted with 7., which is given by revenues minus production costs
minus financing costs minus adjustment costs, where the revenues coincide with
the amount sold (which corresponds to the minimum value between the market
demand and the amount produced).

ROl is given by computing the following ratio: economic result/production capital.
In case of profit, the experimental subject has to decide how much to reduce the
level of debt, remaining in the range [0, min (B;,. ;)] and, simultaneously,



increasing the level of the equity of the same amount. Any residual amount of
profit is considered a gain of the entrepreneur.

In case of loss, the value of the equity is reduced to an amount equal to the loss.
If the value of equity is not sufficient to cover the loss, the bailout procedure is
activated: this procedure brings back the experimental subject to the initial amount
of capital (see the aforementioned step 1) but with a penalty on the score obtained
ull then.

If the bailout has not been activated (both in case of profit and in case of loss
without bailout), the experimental subject may decide to reduce the equity by
mcreasing the debt.

Starting from level 2 onwards, the capital depreciation is activated: the capital is
reduced in percentage based on the parameter d¥.

If the time-periods are not completed, the experimental subject starts again from
step 2.

The mathematical style pseudocode to develop the algorithmis given below. Compared
to the standard notation it seems appropriate to highlight the command “input ... range
[, A" which is used to ask the experimental subject to enter a numeric value that falls
within the specified range, accepting only values that meet the specified range. If the
range has only a minimum limit m, it will be denoted with [m, oc[. This command
greatly simplifies the reading of the algorithm, avoiding the use of control instructions
and cycles to verify the correctness of the input. Comments to facilitate reading are
written in italics and brackets. The section denoted with the comment “persistent
variables” shows those variables that will be stored in a database and whose values
will persist even after the execution of the algorithm.



Algorithm fosd is
input parameters:
g €{1.5) difficulty level
N >0 nunbaer of time-pariods for the saelactad laval
>0 id of the exparimental subject j running a virtual firm

>0 cost of equity (reward paid to the entrepreneur or shareholders)

r.>0 cost of debt (LInterest rate charged by the bank}

'l capital depreciation rate (percentage)

y* production scale increment {percentage)

g bailout cost

#jr vector of demands, t€(L.N}

e vector of demand forecasts, t€(1..N}

w variable cost

# parameter that regulates the relevance of adjustment costs

output:
SCoTey final score
|data from all steps are collected and saved into a database)

(persistent variables)

By debt of subject j at time t

Ay equity of subject j at time ¢

Ky capital of subject j at time ¢, always equal to By +4;,
¥ production scale

¢, production cost

c"l financing cost

¥j; amount of production sold

Xxj; econcmic result

dg, amount of debt to be repaid

€j; anount of equity reduction

score;, 8core of subject ) at time ¢

0;; number of bailouts for subject j up to time (
Pie ROT

(initialisation}
Ajg =0

Bio - K4
KoK

Plo0

scorey, « 0

{(algorithm)
for t—1ta N
if A, ,=0 then (first time-period or previous bailout)
Ay~ input "zet capital” range [0,+x)
else
A = Ageey
end if
print “demand forecast:”, ¥
if g <3 then
¥jx + input “production scale” range [4),+w]
else if g« 4 then
print “investment is irreversible®
Yo+ dnput "production scale” range (K., 4|
else if g=5 then
print “investment is irreversible and indivisible“
S+ Anput “productlion scale lncrement in y*% steps” range [0, +[



Vi = Ky + Kpo3*s;,
end if

(adjust assets and debt)
Bye v yyp = Ay
KA+ 8,

(calculate economic result)
print "market demand: “, §.

2
s < i lw+p ’.'1‘,_”’1\_')] (production cost based on yj,)

‘-’,’, — (raBix +Tad;e) (Tinancing cost}
Yo = min(y; §i,) (quantity sold)
X = Ve —<fi—¢/, (economic result)

Pl,.’-sﬁ- (ROI; economic result / investment)

if m, =0 then (profit or zero profit)
print “profit:®, %, "ROL:Y, pj,
dye = &nput “amount of debt to be repaid” range [0,min(B,, =;)]
By, ~ B, —d;,
Ay e Ay 4 dy,
Opp = 0y
else (loz=)
print “loss:", m,, “ROI:%, p;
if A < -m, then (bailout)
print “bailout!™
Agy v dnput “new initial capital” range [0,K]
By K—Ay
Kip = K
O = Oy +1
else
Ay~ Ay +
Ky = Kjx + %5,
Opp = Oppy
end 1f
end if

scorey, « (0 = 0,00
print "your score:¥, scorey,

(if there was no bailout, we ask for eventual equity reduction)
if 0, = 0., then
€« input “choose equity reduction” range [0,4,]
B~ B, ey
Ay = Apy =ty
if

(if there was no bailout, do capital depreciation from level 2)
if g =200, =0, then

App o= Ay = d¥Ay,

Kip = A+ 8y,
end if

end
return score y



4 Lessons Learned and Future Research

In this paper. we propose an experimental design setup to be implemented through
a computable iterative algorithm inspired by Herbert A. Simon’s major themes in
economics and, particularly, his approach to microeconomics. By referring to this
design, experimenters will be able to build a graphical user interface in order to
perform experiments that require problem-solving within a computenised real effort
task concemed with how firms make certain decisions. Therefore, the main arguments
on which we rely depend critically on both microeconomic decision-making, in
particular the supply side, and the meaning we assign to one of the key terms in the
title of this work: “experimentally”. In line with these arguments, among the paths in
contemporary economics and sciences of artificial that originate from Simon’s main
concem in his vast scientific production, we have addressed a design research which
can lead to run a series of exploratory experiments based an abductive approach and
heuristic problem-solving. This type of experimentation has the advantage of collect-
ing data and searching for empirical regularities that would allow the experimenter to
advance a data-driven discovery, generating and suggesting possible new hypotheses,
and defining new stylised facts in the long run. The expenimenter will obviously have
to pay close attention to the external validity that is relatively more important for
experiments searching for empirical regularities than for theory-testing experiments.
From this point of view, it will be significant to submit the experimental task to one or
more treatment or control groups formed by real entrepreneurs or business managers,
running at least an antifactal field session (Harrison and List 2004) with a random
assignment of subjects to task. For all intents and purposes, the adoption of abductive
microfoundations could be particularly fruitful in situations when the conventional
deductive approach cannot be applied, e.g., when the economy is characterised by
uncertainty—the “golden rule™ of business (and life in general)—or when unusual
factors affect micro and/or macroeconomic dynamics and might require a different
set of methods and analysis. Thus, the originality of this research, which is related to
Simon’s conjectures, lies in the fact that the search for empincal regularities within
the experimental data gives nise to a heuristic nature of experimentation in €conomics.
This heunstic nature of experimental methodology in economics is perhaps the most
promising both to enhance the scope of the experimental research agenda, to improve
the accommodation of entrepreneurship within the framework of standard economics,
and, last but not least, to help identify and structure the goals of cognitive economics.
But, above all, we are confident to start attending to the stimulus and task direction
coming from Velupillai and Kao (2014) in an effort to pursue “the lessons Simon
leamt, formalized and experimented with, as he observed boundedly rational agents
negotiating the maze of life and its problems.” (Velupillai and Kao 2014, p. 50).
And we are confident, at the same time, of contributing to shed light on the role and
logic of experimentation in economics in order o attenuate—at least in our small
way—that longstanding issue regarding the incomplete absorption of Simon’s ideas
in the economics of organisations, in spite of his efforts: “much cited and little used”
(Foss 2003) that echoing “the science of muddling through™ (Lindblom 1959), in
which the author suggested that Simon’s model of decision-making was rarely used
in actual practice. This work is intended, among other intentions, to be a way to use it.



Future research directions include further investigations into the experimental eco-
nomics field and the development of a graphical user interface (GUI) that will allow the
experimenters to explore firms’ real and financial decisions, and the experimental sub-
jects to progress through the various level of difficulty (reatments). After developing
a GUIL, a very interesting opportunity for future experiments is to develop a web appli-
cation to be built with modem standards, therefore with a responsive HTMLS interface
that is suitable for use on desktop PCs, tablets, and smartphones depending on the type
of device and screen size. This would allow to perform an internet experiment (extra-
lab) by enlarging as far as possible the number of experimental subjects. Finally, the
development of the backend is expected: the application will have to store in adatabase
all the data relating to the input parameters of the algorithm and the data of all the
experimental rounds for each experimental subject. In this way, it will be possible to
accumulate a large amount of data regarding experimental subjects’ behaviour and, by
means of data mining techniques, to identify possible common patterns of behaviour
that, abductively, may lead to discover and isolate phenomena and challenge eco-
nomic theorists to explain them, or to provide lines of evidence that raise possible new
hypotheses that explains certain entreprencurs’ decisions in a more realistic fashion.
For example, we might wonder if real entrepreneurs target the equity ratio or, con-
versely, the equity base as a common feature of their decision process, facilitating
research on many other economic phenomena in which the ongoing change is central.

Acknowledgements We are very grateful to Kumaraswamy Vela \elupillai for prompting us to further
explore Herbert A. Simon's issues, even related to experimental design research. Furthermore, we are both
very grateful to Stefano Zambelli and Shu-Heng Chen for many enlightening conversations and helpful
comments on earlier drafts.

References

Atkinson, G., & Whalen, C. 1. (2011). Futunty: Cornerstone of post-Keynesian institutionalism. In C. 1.
Whalen (Ed.), Financial instability and economic security after the Great Recession. Cheltenham:
Edward Elgar Publishing.

Baglano, F-C., & Benola, G. (2004). Models for dynamic macroeconomics. Oxford: Oxford University
Press.

Barros, G. (2010). Herbert A. Simon and the concept of rationality: Boundaries and procedures. Brazilian
Journal of Political Economy, 30(3), 455-472.

Baumol, W. J. (1968). Entreprencurship in economic theory. American Economic Review, 582), 64-71.

Becker, G.S.(1976). The economicapproach to human behavior. Chicago, IL: University of Chicago Press.

Bianchi, M., & Henrekson, M. (2005). Is neoclassical economics still entreprencurless? Kyklos, 58(3),
353-377.

Bradley, M., Jamell, G. A., & Kim, E. H. (1984). On the existence of an optimal capital structure: Theory
and evidence. Journal of Finance, 39(3), 857-878.

Briiggen, A, & Strobel, M. (2007). Real effort versus chosen effort in expenments. Economics Letters,
96(2), 232-236.

Carpenter, J., Matthews, P., & Schirm, J. (2010). Toumaments and office politics: Evidence from a real
cffort expenment. American Economic Review, 100(1), 504-517.

Chang, H-J. (2014). Economics: The user's guide. New York: Bloomsburry Press.

Chen, S-H., & Kao, Y. F. (2016). Herbert Simon and agent-hased computational economics. InR. Frantz &
L. Marsh (Eds.), Minds, models and milieux—Commemorating the centennial of the birth of Herbert
Simon (pp. 113-144). London: Palgrave Macmillan.

Clarkson, G.P. E., & Simon, H. A, (1960). Simul ation of individual and group behavior. American Economic
Review, 50(5), 920-932.



Cross, N.(2004). Expertise in design: An overview. Design Studies, 25(5), 427-442.

Dasgupta, S. (2003). Multidisciplinary creativity: The case of Herbert A. Simon. Cognitive Science, 27,
683-707.

Dow, S. (2015). Addressing uncertainty in economics and the economy. Cambridge Journal of Economics,
39(1), 33-47.

Doyle, Sir A. C. (1986) [1891]. A scandal in Bohemia. In Sir A. C. Doyle (1986) Sherlock Holmes: The
complete novels and stories (Nols. 1 and 2). New York: Bantam Books.

Falk, A., & Fehr, E. (2003). Why labour market experiments? Labour Economics, 10(#4), 399-406.

Fisher, 1. (1933). The debt-deflation theory of greatdepressions. Economerrica, 1(4), 337-357.

Flannery, M. J., & Rangan, K. P. (2006). Partial adjustment toward target capital structures. Journal of
Financial Economics, 79(3), 469-506.

Foss, N. J. (2003). Bounded rationality in the economics of organization: “Much cited and little used”.
Journal of Economic Psychology, 24, 245-264.

Gigerenzer, G., & Goldstein, D.G.(1996). Reasoning the fast and frugal way: Models of bounded rationality.
Psychological Review, 103(4), 650-669.

Gill, D., & Prowse, V.(2012). A structural analysis of disappointment aversion in a real effort competition.
The American Economic Review, 102(1), 469-503.

Giulini, G., Bucciarelli, E., & Silvestn, M. (2012). Explonng firns® financial decisions by human and
artificial agents. In J. Filipe & A.Fred (Eds.), [CAART 2012 (Nol. 2, pp. 184-189). Setabal: SciTePress.

Griliches, H. Z. (1986). Economic data issues. In H. Z. Griliches & M. D. Intriligator (Eds.), Handbook of
economertrics (Vol. 3, pp. 1466-1514). Amsterdam: Elsevier.

Hanson, N. R. (1958). Patterns of discovery—An inguiry info the concepmual foundations of science. Cam-
bridge, MA: Cambndge University Press.

Hanson, N. R. (1960). Is there a logic of scientific discovery? Australasian Journal of Philosophy, 38,
91-106.

Harnis, M., & Raviv, A.(1991). The theary of capital structure. The Joumal of Finance, 46(1), 297-355.

Harnson, G.W., & List, . A. (2004). Field expenments. Jowrnal of Economic Literature, 42(4), 1009-1055.

Hartman, R. (1972). The effect of price and cost uncertainty on investment. Journal of Economic Theory,
5(2),258-266.

Hatchuel, A. (2001). Towards design theory and expandable rationality: The unfinished program of Herbert
Simon. Journal of Management and Governance, 5(3-4), 260-273.

Hatchuel, A., Le Masson, P., & Weil, B. (2005). The development of science-based products: Managing by
design spaces. Creativity and Innovation Managemens, 14(4), 345-354.

Hevner, A., March, S. T, Park, J., & Ram, S. (2004). Design science in information systems research.
Management Information Systems Quarterly, 28(1), 75-105.

Hirshleifer, J. (1965). Investment decision under uncertainty : Choice-theoretic approaches. Quarterly Jour-
nal of Economics, 79(4), 5(9-536.

Hirshleifer, J., & Riley, J. G. (1979). The analytics of uncertainty and information—An expository survey.
Joumal of Economic Literature, 17(4), 1375-1421.

Holt, C. C., Modiglani, F., Muth, J. F., & Simon, H. A. (1960). Planning production, inventories and work
force. Englewood Cliffs, NJ: Prentice-Hall.

Holt, C. C., Modigliani, F., & Simon, H. A. (1955). Linear decision rule for production and employment
scheduling. Management Science. 2(2), 1-30.

Jacobides, M. G. (2015). Rethinking the financial crisis: Structuring our historical understanding of a
predictable evolutionary disaster. Business History Review, 57(5), 7T16-735.

Kahneman, D., & Tversky, A. (1974). Judgment under uncertainty: Heunstics and biases. Science,
185(4157), 1124-1131.

Kaldor, N. (1982). The scourge of monetarism. Oxford: Oxford University Press.

Knight, F. (1921). Risk, uncertainty and profit. Boston: Houghton Mifflin.

Koeva P. (2009). Time-to-build and convex adjustment costs. Working paper no. 1A®. Washington: Inter-
national Monetary Fund.

Krippendorft, K. (2007). Design research: An oxymoron? In R. Michel (Ed.), Design research—Essays and
selected projects (pp. 67-80). Ziinich: Birkhiiuser Verlag.

Kulkarni, D., & Simon, H. A. (1988). The processes of scientific discovery: Thestrategy of experimentation.
Cognitive Science, 12(2), 139-175.



Kulkarni, D., & Simon, H. A, (199)). Experimentation in machine discovery. In J. Shrager & P. Langley
(Eds.), Computational models of saentific discovery and theory formation (pp. 255-273). San Mateo,
CA: Morgan Kaufmann.

Langley, P., Simon, H. A, Bradshaw, G. L., & Zytkow, J. M. (1987). Scientific discovery: Computational
explorations of the creative processes. Cambridge, MA: MIT Press.

Lewis, A A. (1986). Structure and complexity: The use of recursion theory in the foundations of neaclas-
sical mathematical economics and game theory. Manuscript/Monograph. Ithaca, NY: Department of
Mathematics, Cornell University.

Lewis, A. A.(1991). Some aspects of effectivel y constructive mathematics that are relevantio the foundations
of neoclassical mathematical economics and the theory of games. Unpublished Manuscript. Irvine,
CA: Department of Philosophy and the School of Social Sciences, University of Califomia at Irvine.

Lindblom, C. E. (1959). The science of “muddling through”. Public Administration Review, 19(2), 79-88.

Lopez-hurnaga, F., & Rodriguez-Sanz, J. A. (2008). Capital structure and institutional setting: A decom-
positional and intemational analysis. Applied Economics, 40(14), 1851-1864.

Lucas, R.E., Ir. (1981). Studies in business cycle theory. Cambridge, MA: Harvard University Press.

Mabsout, R. (2015). Abduction and economics: The contributions of Charles Peirce and Herbert Simon.
Journal of Economic Methodology, 22(4), 491-516.

March, S. T, & Smith, G. F. (1995). Design and natural science rescarch on information technology.
Decision Support Systems, 15(4), 251-266.

Meier, R. C., Newell, W. T, & Pazer, H. L. (1969). Sinuwlation in business and economics. Englewood
Cliffs, NJ: Prentice Hall.

Modigliani, F., & Miller, M. H. (1958). The cost of capital, corporate finance, and the theory of investment.
The American Economic Review, 48(3), 261-297.

Myers, S. C., & Majluf, N. S. (1984). Corporate financing and investment decisions when fimms have
information that investors do not have. Journal of Financial Economics, 13(2), 187-221.

Nelson, R.R., & Winter, S. G. (1974). Neoclassical vs. evolutionary theonies of economic growth: Critique
and prospectus. The Economic Journal, 84(336), 886-905.

Newell, A., Shaw, J. C., & Simon, H. A. (1962). The process of creative thinking. In H. E. Gruber, G.
Temel, & M. Wertheimer (Eds.), Cantemporary approaches to creative thinking (pp. 63-119). New
York: Atherton Press.

Newell, A., & Simon, H. A. (1972). Human problem solving. Englewood Cliffs, NJ: Prentice-Hall Inc.

Newell, A., & Simon, H. A. (1976). Computer science as empirical inquiry: Symbols and search. Conume-
nications of the ACM, 19(3), 113-126.

Noussair, C.N., & Tucker, S.(2013). Expenmental research onasset pricing. Journal of Economic Surveys,
27(3),554-569.

Peirce, C. S. (1931). Collected papers, Nol. 1 of 8, Principles of philosophy. Cambridge, MA: Harvard
University Press.

Peirce, C. S.(1934). Callected papers,Nol.5 of 8, Pragmatism and pragmaticism.Cambridge, MA: Harvard
University Press.

Penrose, E. (1995). The theory of the growth of the firm. Foreword to the third edition, reprinted by Oxford
University Press, New York.

Popper, K. R. (1957). The aim of science. Ratio, 1: 25-35, reprinted in Objective knowledge (1972). Oxford:
Clarendon Press.

Putnam, H. (1992). Comments on the lectures. In C. S. Peirce & K. L. Ketner (Eds.), Reasoning and the
logic of things. The Cambridge conferences lectures of 1898 (pp. 55-104). Cambridge, MA: Harvard
University Press.

Rabin, M. O. (1957). Effective computability of winning strategies. In M. Dresher, A. W. Tucker, & P.
Wolfe (Eds.), Annals of mathematics studies, No. 39: Contributions to the theory of games (Vol. 3,
pp. 147-157). Princeton, NJ: Princeton University Press.

Rass, S. A, (1977). The determination of financial structure: The incentive-signalling approach. The Bell
Joumal of Economics, 8(1), 23-40.

Rowe, P. G. (1987). Design thinking. Cambndge, MA: MIT Press.

Rubinstein, M. E. (1973). A mean-variance synthesis of comporate financial theory. Journal of Finance,
28(1), 167-181.

Sarasvathy, §. D. (2003). Entrepreneurship as a science of the artificial. Joumal of Economic Psychology.
24(2),203-220.



Sarasvathy, S. D. (2004). Making it happen: Beyond theories of the fimm to theories of firm design.
Entrepreneurship Theory and Practice. 28(6), 5S19-531.

Sargent, T. 1., & Wallace, N. (1975). “Rational” expectations, the optimal monetary instrument and the
optimal money supply rule. Joumal of Political Economy, 83(2), 241-254.

Sargent, T.J., & Wallace, N. (1981). Rational expectations and the theary of economic palicy. In R. E. Lucas
Jr. & T.J. Sargent (Eds.), Rational expectations and econometric practice (pp. 199-213). Minneapolis:
University of Minnesota Press.

Schauten, M., & Spronk, J. (2010). Optimal capital structure. In C. Zopounidis & P. M. Pardalos (Eds.),
Handbook of multicriteria analysis. Applied optimization (Nol. 103, pp. 405-423). Berlin: Springer.

Schin, D. A.(1983). The reflective practitioner: How professionals think in action. London: Temple-Smith.

Simon, H. A. (1955). A behavioral model of rational choice. The Quarterly Joumal of Economics, 69(1),
9-118.

Simon, H. A. (1956). Rational choice and the structure of the environment. Psychological Review, 63(2),
129-138.

Simon, H. A, (1957) (1976) (1997) [1945 ). Administrative behavior: A study of decision-making processes
in administrative organizations (4th ed.). New York: Free Press.

Simon, H. A.(1959). Theones of decision-making in economics and behavioral science. American Economic
Review, 49(3), 253-283.

Simon, H. A. (1962). The architecture of complexity. Proceedings of the American Philosaphical Society,
106(6), 467-482.

Simon, H. A, (1965). The logic of rational decision. The British Journal for the Philosophy of Saence, 16,
169-186.

Simon, H. A, (1973). Does saentific discovery have alogic? Philosaphy of Science, 40(4), 471-480.

Simon, H. A.(1977), Models of discovery and other topics in the methods of saence, Dordecht: D. Riedel.
Previously published in Van Roostelaar and Staal (eds.) (1968). Logic, methodology and philosophy
of saences HI. Amsterdam: North-Holland Publishing.

Simon, H. A.(1978). Information-processing theory of human problemsolving. In W. K. Estes (Ed.), Hand-
book of leaming and cognitive processes: V. Human informartion (pp. 271-295). Oxford: Lawrence
Edbaum.

Simon, H. A. (1982). Models of bounded rationality. Cambridge, MA: MIT Press.

Simon, H. A. (1984). On the behavioral and rational foundations of economic dynamics. Jounal of Eco-
nomic Behavior & Organization, 3(1), 35-55.

Simon, H. A, (1987). Making management decisions: The le of intuition and emotion. The Academy of
Management Executive, 7(1), 57-63.

Simon, H. A. (1995). Antificial intelligence: An empirical science. Artificial Intelligence, 77(1), 95-127.

Simon, H. A. (1996) [1969]. The sciences of the artificial (1st ed. 1969, 3rd ed. 1996). Cambridge, MA:
MIT Press.

Simon, H. A, (1997). Machine discovery. Foundations of Science, 2, 171-200.

Simon, H. A. (2000). Bounded rationality in social science: Today and tomaorrow. Mind & Saciery, I(1),
25-39.

Simon, H. A., & Ando, A. (1961). Aggregation of variables in dynamic systems. Econometrica, 292),
111-138.

Simon, H. A., & Hayes, 1. R. (1976). Understanding process: Problem isomorphs. Cognitive Psychology.
& 165-19%0.

Simon, H. A., Langley, P. W., & Bradshaw, G. L. (1981). Scientific discovery as problem solving. Synthese,
47(), 1-27.

Stighitz, J. E. (1969). A re-examination of the Modigliani-Miller theorem. American Economic Review,
59(5), 784-193.

Sutcliffe, M. (2002). Simulations, games and role-play. In P. Davies (Ed.), The handbook for economic
lecturers (pp. 1-26). Bristol: The Higher Education Academy Education Network.

Taleb, N. N. (2010). The black swan: The impact of the highly improbable (2nd ed.). New York: Random
House.

Tirle, 1. (2006). The theory of corporate finance. Princeton, NJ: Princeton University Press.

van Dijk, F., Sonnemans, 1., & van Winden, F.(2001). Incentive systemsin areal effort experiment. Evropean
Economic Review, 45(2), 187-214.

Velupillai, K. 2000). Computable economics. The Arne Ryde memorial lectures. Oxford: Oxford University
Press.



Velupillai, K. V. (2010a). Campuable foundations for economics. London: Routledge.

Velupillai, K. V. {2010b). Foundations of boundedly rational choice and satisficing decisions. Advances in
Decision Sciences, 2010, 1-16.

Velupillai, K. V.(2018). Madels of Simon. Abingdon: Routledge.

Velupillai, K. V., & Kao, Y.-F.(2014). Computable and computational complexity theoretic bases for Herbert
Simon's cognitive behavioral economics. Cognitive Systems Research, 29-30, 40-52.

Visser, W. (2006). The cognitive artifacts of designing. Mahwah, NJ: Lawrence Erlbaum Associates.

Visser, W. (2009). Design: One, but in different forms. Design Studies, 30(3), 187-223.

Winter, 8. G.{2016). The place of entreprencurship in “the economics that might have been™. Small Business
Economics, 47(1), 15-34.

Yang, G.-A., Chuch, H, & Lee, C.-H. (2014). Examining the theory of capital structure: Signal factor
hypothesis. Applied Economics, 46(10), 1127-1133.

Zimnng, C. M., & Craig, D. L. (2001). Defining desi gn between domains: An argument for design research
a la carte. In C. Eastman, M. McCracken, & W. Newstetter (Eds.), Design knowing and learning:
Cognition in design education (pp. 125-146). Amsterdam: Elsevier.



