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Abstract

This paper contributes to the debate on the relationship between economics and
engineering that was opened in a previous article by the author and the comments
made on the subject by other scholars, all published in the 4/2021 Issue of the Jour-
nal. It discusses the knowledge advancement and problem-solving opportunities
offered by the interaction and cross-fertilization that occurs between the two disci-
plines. It claims that the distance between the epistemology and mentality of fun-
damental branches of economics and engineering is narrowing, thereby allowing a
fruitful knowledge collaboration. An alliance between independent peers is the best
form of governance to exploit the potentialities inherent to the relationship, as an
alternative to both “economic imperialism” and “reverse imperialism”. Relatedly,
the paper delves into the role of economic complexity and artificial intelligence in
pushing this paradigm shift of the economics—engineering nexus, and it re-discusses
the meaning and content of transdisciplinarity in the context of such an alliance.
Finally, the paper expresses the hope that these topics will become a matter of
debate in a widespread community of scholars.
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1 Premise

It was a great pleasure to read the insightful comments on my paper by Rich-
ard Adelstein, Silvano Cincotti, César Garcia-Diaz, Adam Fforde, Robert Hébert,
Cyrille Rigolot and Peter Swann. I am grateful to them for their kindness, but
above all for the care with which they examined, criticized and developed what
I tried to do by investigating the history and perspective of the intriguing rela-
tionships between economics and engineering (Mariotti, 2021). These colleagues
discussed a wide range of topics and presented interesting and inspiring ideas and
suggestions. I will mainly focus on the more controversial issues rather than on
points of agreement. However, before responding, to make readers more informed
on the subject and more familiar with the related issues, I will present a brief
summary of my previous article. Furthermore, in my next response I will exploit
the proposals and suggestions articulated in the comments, which either correct
or enrich my approach and policy considerations. I hope my response better elu-
cidates the “quixotic quest” which I have embarked on (to use an expression of
Hébert’s, 2021, p. 613).

2 Forging a new alliance between economics and engineering:
a brief summary

In Mariotti (2021), I investigated the historical evolution of the economics—engi-
neering nexus since the contribution of Jules Dupuit and the French school of
econo-engineers to the foundation of neoclassical economics in the nineteenth
century. I identified three paradigms—economics “for/and/as” engineering—
whose dynamics and interweaving allow us to understand how the two disciplines
have become related to each other over time. In a nutshell: (1) economics for engi-
neering can be considered as an ancillary subset of economic concepts, methods
and tools at the service of project evaluation and decision making in the engineer-
ing—technological field; (2) economics as engineering corresponds to the adoption,
by economics, of the engineering epistemology for market design and problem
solving, through commonalities of language, methodology, and research organiza-
tion; (3) economics and engineering suggests the meeting between economics and
engineering as peers, i.e., respecting the disciplinary singularities and the different
cultures of each, but in a context of cross-fertilization and interdisciplinarity.

After discussing the specific dimensions of the three paradigms, I concluded
that the modes of interaction described by each of these paradigms are insuffi-
cient to address the challenges of complexity in contemporary and future society,
which are increasingly influenced by artificial intelligence (AI) technologies. On
the one hand, although prominent economists have called for greater heterodoxy in
economic theory and modeling, mainstream economics has been extremely reluc-
tant to accept the epistemological implications of complexity, and has instead been
adopting a reductionist approach, so as to borrow some tools without changing
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their foundations. On the other hand, the top engineering schools, equating eco-
nomic education with the activities of typical business schools, have trained a gen-
eration of engineers who are inclined to open the black box of economic com-
plexity only to find tools that help them formally solve the problems associated
with the intricacies of their discipline, but who do not take into account much of
the different reality of the organizing, managing and leading social and economic
activities in practice and who fail to serve the public interest. In this context, the
“meeting of minds” between mainstream economists and unreflective engineers
seems unable to generate a new, shared and coherent epistemology of complexity.

In relation to this state-of-the-art, the paper called for a new alliance between
economics and engineering driven by a transdisciplinary-oriented change in the
epistemology and methods of the two disciplines and in their way of being and inter-
acting. In such a context, the reference to transdisciplinarity was intended to draw
attention to the search for apparent and hidden connections between the two disci-
plines, and to the training of a generation of researchers and scientists as integral
thinkers who are mindful of the need for plurality and for synergizing theories and
knowledge across the edges of traditional disciplines. The examples of mechatron-
ics, biotechnology, and the same Al as fields of transdisciplinarity served to make
the point clear.

Coming now to the main criticisms of colleagues, and therefore to the next con-
tents of the present article, I will first discuss the argument that the epistemological
nature of economics and engineering and the mindset involved are so different that
an alliance would be counterproductive and, if attempted, it would generate tension
and risks of domination of one discipline over the other, with pernicious effects on
the dominated discipline or on both (see, in particular, the comments by Adelstein,
2021; FForde, 2021; Hébert, 2021). Second, I will delve into the previous insuffi-
ciently specified roles of economic complexity and Al in demanding a change in the
economic—engineering nexus (see the comments by Cincotti, 2021; Fforde, 2021;
Garcia-Diaz, 2021). Third, I will examine the alternative ways by which the two dis-
ciplines can interact, referring to the “economics imperialism versus reverse imperi-
alism” debate and proposing the alliance as the best governance (see the comments
by Adelstein, 2021; Hébert, 2021; Swann, 2021). Finally, I will re-discuss the mean-
ing and content of transdisciplinarity in the context of the alliance between econom-
ics and engineering (see the comments by Garcia-Diaz, 2021; Rigolot, 2021).

3 Is the epistemological gulf between economics and engineering
really that wide?

In this section,! T will examine the epistemological divergences, but also conver-
gences, between economics and engineering. In the commentaries on my paper,
the former is alternatively thought of as a genuine science (Adelstein, 2021), as a

! Hereafter in the text, all the sentences quoted from the comments on my previous article start on a new
indented line.

@ Springer



4 Journal of Industrial and Business Economics (2022) 49:1-29

social science (Hébert, 2021; Swann, 2021), or perhaps as a pseudo-science (Fforde,
2021). My argument is based on the distinction between pure sciences and engi-
neering, and on the tripartite division of economics into positive, normative and art
(Keynes, 1890). This allows me to discuss the interrelationships between the dif-
ferent disciplinary branches and to conclude that the gulf between economics and
engineering is not as wide as it is commonly thought to be by many economists, by
being bridged by the common “willing-orientation” of engineering and applied eco-
nomics (i.e., the “art” of economics). This epistemological commonality allows us
to think of an effective synergy and joint problem solving by the two disciplines in
the relevant application fields (see Sect. 6).

3.1 Scientists, engineers, and billiard players

Quoting Edward Laezer, Garcia-Diaz (2021, p. 602) reminds us of the widespread
opinion among economists that:

«[e]conomics is not only a social science, it is a genuine science».
Adelstein adds that:

«[s]cience is not engineering. For all the human imperfection that pervades
the scientific enterprise, most scientists are trained to consider their work and
describe it to others as a search for objective truth that is assumed to be “out
there,” waiting to be discovered» (Adelstein, 2021, p. 574). Coherently, «[e]
conomics, ideally a positive science pursuing knowledge “for its own sake”, is
distinguished from engineering, an intrinsically purposive attempt to control
nature or people to serve human interests» (Adelstein, 2021, p. 573). However,
«economists have largely effaced the distinction between science and engi-
neering and made it much harder for themselves and others to perceive and
evaluate the purposes to which their theories are put [...][Thus,] [b]y building
the telos of engineering into the DNA of his new social science, Mariotti’s
melding of the two disciplines would only exacerbate this problem, placing a
normative, problem-solving ethos at the core of what ought to be an inquisitive
positive science» (Adelstein, 2021, p. 576).

When considering engineering, it is possible to say, yes, it differs from sci-
ence. I find the explanation of Jon Alan Schmidt, a structural engineer at Burns
& McDonnell, and also a philosopher of engineering, one of the best ones: «[s]
cience is widely perceived as an especially systematic approach to knowing;
engineering could be conceived as an especially systematic approach to will-
ing» (Schmidt, 2013, p. 103). Specifically, scientists observe natural phenom-
ena, propose hypotheses to explain them, and conduct experiments to test their
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theories. Although “will” is implicitly involved (the goal being additional objec-
tive knowledge), intellect is of primary importance. Engineers use heuristics to
cause the best change with the available resources in a poorly understood situa-
tion. Although intellect is implicitly involved, “will” is of primary importance,
the goal being a “subjective outcome”, for which knowledge serves as a neces-
sary but insufficient means.

The proposed framework also recognizes the mutual interactions between know-
ing and willing, and thus between science and engineering. «Attentive experi-
ence, intelligent understanding, and reasonable judgment lead people to adopt
beliefs about how the world was in the past and is now; considerate deliberation
and responsible decision lead people to make choices about how the world will be
in the future» (Schmidt, 2013, p. 107). The Nobel laureate in Economics Herbert
Simon, with reference to Al (of which he is considered one of the fathers) describes
the many ways by which Al, defined as “empirical science”, interacts with engi-
neering. His conclusions are: «[w]e see that, far from striving to separate science
from engineering, we need not distinguish them at all [...] [a]lthough there is also a
large element of chance in human design processes, chance is moderated by heuris-
tics that use prior knowledge, what is already known about the systems of interest,
to generate and combine elements in a very selective way, greatly increasing the
odds that the product will be functional. While the scientist is interested specifically
in creating new knowledge, the engineer is interested also in creating systems that
achieve desired goals. Apart from this difference in motives, there is no need to dis-
tinguish between computer scientists and computer engineers, or Al scientists and
engineers. We can stop debating whether Al is science or engineering; it is both»
(Simon, 1995, p. 100).

Thus, the boundaries between science and engineering can only be defined in
an abstract manner, but their close interaction is of paramount importance for the
progress of both. To clarify this point, I would like to consider Milton Friedman’s
billiard metaphor, which is particularly familiar to economists. Friedman used it to
support his methodological instrumentalism, founded on the irrelevance of hypoth-
eses, on the judgment of the validity of theories by reason of their predictive power,
and on the functioning of the “natural selection” process in shaping the economy. In
this subsection, I refer to the same metaphor to elucidate science—engineering rela-
tionships, but I will not disdain to draw some insights from it for economic science.

Friedman’s example is «[c]onsider the problem of predicting the shots made by
an expert billiard player. It seems not at all unreasonable that excellent predictions
would be yielded by the hypothesis that the billiard player made his shots as if he
knew the complicated mathematical formulas that would give the optimum direc-
tions of travel, could estimate accurately by eye the angles, etc., describing the loca-
tion of the balls, could make lightning calculations from the formulas, and could
then make the balls travel in the direction indicated by the formulas. Our confi-
dence in this hypothesis is not based on the belief that billiard players, even expert
ones, can or do go through the process described; it derives rather from the belief
that, unless in some way or other they were capable of reaching essentially the
same result, they would not in fact be expert billiard players» (Friedman, 1953, p.
157-158).
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In this example, we are attempting to model the behavior of experienced bil-
liard players. The model solves the optimization for force and direction, given the
placement of balls on the table. It is not that the experienced billiard player actually
solves this optimization problem with each and every shot; rather, the billiard player
acts “as if”” their behavior was determined by solving a mathematical program.

Now let us suppose Friedman witnesses a pool tournament attended by the
strongest players in the world, and that he brings a state-of-the-art optimization
model with him. His logical expectation is that the greatest number of players will
throw balls according to the model’s prescription. Surprisingly, he would observe
that a significant portion of players do not behave in this way. Why?

Engineering helps us to understand. To paraphrase Friedman’s previous words,
it would seem “not at all unreasonable” that a robot that incorporates all the needed
mathematics and environmental physics will easily win a game when the opponents
are human. In fact, the challenge of creating a robot accurate enough to compete
and win against top professional players has always been a strong motivator for the
robotics field. Many projects have been developed since the mid-1990s, and engi-
neers are agonizing over finding the right solution to the problem (Landry et al.,
2013). Engineers quickly discovered that «[t]he game of billiards is a game of skill,
tactics, and ingenuity» (Landry et al., 2013, p. 325). The outcome of the game
depends not only on the capacity of the players to approximate the laws of physics,
but primarily on the attack or defense strategies that are adopted,” the perceptions of
their own limits and external risks, the ability to interpret the opponent’s behavior
and psychology, in order to counteract in an adequate manner.

Finding the optimal technology requires much more than the basic laws of phys-
ics and complex mathematical equations, as Friedman assumes in his example. In a
work with the revealing title “Robotic billiards: understanding humans in order to
counter them”, Nierhoff et al. (2016) argued that: «[t]Jo succeed against a human in
a competitive scenario, a robot must anticipate the human behavior and include it in
its own planning framework. Then it can predict the next human move and counter
it accordingly, thus not only achieving overall better performance but also systemati-
cally exploiting the opponent’s weak spots. Pool is used as a representative scenario
to derive a model-based planning and control framework where not only the physics
of the environment but also a model of the opponent is considered. By represent-
ing the game of pool as a Markov decision process and incorporating a model of
the human decision-making based on studies, an optimized policy is derived. This
enables the robot to include the opponent’s typical game style into its tactical con-
siderations when planning a stroke» (Nierhoff et al., 2016, p. 1889). «The presented
approach based on a Markov decision process (MDP) is able to take both hard-
ware limitations and a detailed model of the human decision-making process into

2 A billiard defense strategy consists in leaving a bad shot for the rival. That is, the player disregards the
main goal of billiards (putting balls into holes), to force the opponent to play badly and to make it easier
to put the balls in later. Even if the players decide to attack, if the shot is very complicated, they have to
consider what the best way is to execute it so that, in the case of failure, the opponent then makes a bad
shot.
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account. Thus the robot can predict the human’s actions and adapt to them by deriv-
ing an optimized policy. Due to the competitive nature of the game, the approach
resembles a expectiminimax tree» (Nierhoff et al., 2016, p. 1890). «Differing from
a rationally acting robot who will pocket the ball with the highest action-value func-
tion, unknown human likings or limitations may favor a different stroke» (Nierhoff
et al., 2016, p. 1893). Thus, in most situations, it is important that the robot predicts
human decisions to react appropriately. To do this, the robot must be an anthropo-
morphic robot equipped with a probabilistic search algorithm. This way, «a robot
facing a human in a competitive task can improve its performance through exten-
sive planning and precise representation of the opponent’s behavior. This allows
the robot to adapt to human-specific decision-making and the opponent’s individual
motor skill while overcoming its own kinematic constraints» (Nierhoff et al., 2016,
p. 1898).

Astonishingly, the robot, equipped with the best algorithms and optimization
programs, must behave as if it were a human to win. In this sense, in the oppo-
site way of Friedman’s statement. Accordingly, scientists (computer scientists, neu-
roscientists, mathematicians, physicists, etc.) and engineers (industrial engineers,
mechatronics engineers, operational researchers, etc.) joined together to enable
robotic-based systems to interact with humans in the real world. Such a bidirectional
interaction is quite evident: from engineering to science, by suggesting the failures
of scientific modeling and the need to develop new knowledge along selected direc-
tions, and from science to engineering, by making new conceptual tools for robotic
design available. Apparently, there are no epistemological conflicts, and only virtu-
ous circles are at work.

What can engineers suggest to scientists (and to economists as scientists) by lev-
eraging on the experience of billiard robotics? First, playing billiards does not boil
down to invariant regularities related to the physical environment, as the causal link
between the variables is human action. Second, the outcome of the game does not
respond to a logic of stable factors, but to a logic of trees and open-ended results.

On the other hand, according to the “will” imperative, engineers cannot simply
wait for a fertile interaction with scientists to produce the perfect robot. Indeed, they
have to offer the second-best solution with the available resources. It is clear how the
engineer who has the player as a client will try to help him with his ingenuity, heu-
ristics, and science-based knowledge. And that is exactly what happens.

Shane Wighton is a mechanical and computer science engineer, best known for
his engineering-focused YouTube channel, Stuff Made Here. A recent piece of news
has appeared on the Internet entitled “Going straight to the hole is no longer a prob-
lem”. We read that Shane «has designed and built a 100% foolproof robotic pool
cue [...] Shane used two basic components: a video camera mounted on the table
and a system of 6 mechanical arms installed on the tip of a common pool cue. The
camera analyzes the position of the balls and, thanks to a projector, suggests to the
player the best trajectory and angle from which to hit the ball. At this point, the sys-
tem of mechanical arms—controlled by a Stewart platform—calibrates the power of
the shot and allows the ball to be hit with the right accuracy every time. The result
is spectacular: the robotic cue has 100% infallibility» (https://www.thepatent.news/
2021/04/18/robotic-pool-clue-foolproof-video/).
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We have learned that the pool game is more than just putting a ball into a hole
accurately, but Shane’s client has a huge advantage. In this regard, if all players
equipped themselves with the same robotic cue, billiards would lose some of its
charm.

3.2 Economic scientists, applied economists, and social billiards

Now let us talk about the game of “social billiards”, in which a policy maker must
strive to ensure the economic health and growth of the population (maybe his vot-
ers), by using art and heuristics. Surely an economic scientist will study the system
and look for regularities that allow him to predict the economic trend and the behav-
ior of an expert policy-maker. But will there be a similar figure to the engineer who
will help the policy maker in his decisions, perhaps giving him something like a
“social cue”? The answer is yes, and this figure is “the applied economist”, where
the term “applied” means the application of theoretical conclusions to guide policy
or action. However, the profession of the applied economist has not been clearly
defined. At times, he has been mistaken for or made to coincide with the economic
scientist (who is also engaged in empirical work to test the validity of the theory),
as shown by the analogies coined for the economist tout court as “a dentist, or a sur-
geon, or an engineer, or a plumber”.

In order to clarify this matter, Su and Colander (2021) argue that economics is
not a single entity, and each entity has separate goals, methods, and boundaries.
Specifically, the boundary between economic science and applied economics should
be recognized. The aforementioned authors evoke John Neville Keynes’s (1890)
threefold partition of economics into positive economics, normative economics,
and art of economics. Accordingly, positive economics is defined as «a body of sys-
tematised knowledge concerning what is»; normative economics is understood as a
«body of systematised knowledge relating to criteria of what ought to be, and there-
fore, concerned with the ideal as distinguished from the actual»; art of economics is
described as a «system of rules for the attainment of a given end» (Keynes, 1890, p.
34; stress added), i.e., it is not about goals, but about how fo achieve them (Keynes,
1890, p. 34; stress added).

As the history of economic thought teaches us, debates on the division of eco-
nomics into a positive and normative branch, as well as the notion of economic
value and the role of value judgements in economics, have never vanished among
philosophers, historians, and economists (e.g., Blaug, 1992; Colander & Su, 2015;
Davis, 2005; Hands, 2012; Mirowski, 1990; Mongin, 2006). The distinction remains
controversial, especially as regards the ambiguity that emerges when distinguish-
ing between normative and the sometimes implicit and unconscious derivations of
positive economists of “ought to be” from “is” (for a thorough discussion on the
question, see the recent book by Ostapiuk, 2020, particularly pp. 27-32). However,
this debate is not the focus of Su and Colander’s work on this occasion® and this is
also true for myself. Rather, it is argued that the art of economics corresponds to the

3 See Colander and Su (2015) for their position in the positive—normative debate.
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applied economics approach, according to which theories and methods are selected
and applied to achieve an intended goal in the best way possible, given the avail-
able resources. In light of this, it is clear that applied economists share the “willing”
approach of a genuine engineer, thus revealing an epistemological convergence.

Ultimately, economics includes both scientific economics and applied econom-
ics, and the boundaries of scientific economics should not be confused with the
boundaries of economics. The very distinctive feature of applied economics is the
application of theoretical conclusions, together with contributions from other non-
economic sciences to policy advice. «It follows that the conclusions reached by
economics alone cannot provide policy prescription. Once the disciplines had sepa-
rated, to reach a policy recommendation, a collaboration among disciplines became
required» (Su & Colander, 2021, p. 300). In the progress of their ideas, Su and Col-
ander refuse Duflo’s plumber analogy, on the grounds that it does not distinguish
between scientific and applied economics, and propose the analogy between the
applied economist and the “general contractor”’, who «has an overview of the entire
project—she is in constant contact with engineers, plumbers, carpenters, architects,
mechanical technicians, and she also knows, and works with, the customer of the
policy integrating his values into the design of the policy» (Su & Colander, 2021, p.
309). In their real life, economists may play multiple roles (acting as a scientist or as
a general contractor). The point is that they need to match their methodologies to fit
the role they are playing. And this makes the job of economists particularly difficult
to execute and to understand from outside. Making sure that an implemented policy
will work effectively to achieve goals is not the job of the economist-as-plumber, as
in Duflo’s discussion, but of the economist-as-general-contractor.

In this context, despite the criticism of Su and Colander, Duflo (2017, pp. 19-21)
nevertheless contributed to making it clear what the relationships and the advan-
tages are that are derived from applied economics for positive economics. For exam-
ple, it is possible to evaluate the equilibrium effects of certain policy measures,
test specific theories, discover unknown factors of influence, draw attention to new
challenges and problems, and thus generate new economic insights in various ways.
Depending on the outcome, this translates into added value that can be generalized
or simply generate a positive welfare effect.

Looking again at Friedman’s example, I found no information in Friedman’s biog-
raphies to say whether he was a good billiard player or not. I guess not, even though
he certainly frequented the billiard rooms of the Quadrangle Club.* If he had been
an experienced player, he would have reflected at length on both the appropriateness
of the metaphor in support of the “as if” methodology, and on the consequences of
his proclaimed irrelevance of assumption testing in the realm of positive economics.
Indeed, the use of unrealistic assumptions can lead to an incorrect interpretation of
reality, despite the alleged predictive power of the model (Leontief, 1971). The real-
ism of substantive assumptions is critical, since it helps to ascertain the degree of

4 The historic membership club designed for the faculty, staff and community members of the University
of Chicago.
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resemblance between the models and the target system (Ivarola, 2018). Thus, expert
applied economists will not rely solely on the predictive capacity of theories with
unrealistic assumptions, but will also adjust their policy design, making use of theo-
ries that are more verifiable and realistic.

3.3 Econonmists, social planners, and the “engineering mentality”

Hébert (2021) leads us to further refine our analysis, and to delve into the differences
between economics as a “social science”, on the one hand, and “pure” sciences and
engineering, which he tends to mix with each other, on the other hand. He draws our
attention to Hayek’s writings on the economics—engineering nexus:

«Hayek claimed that the gestalt of economics is different from the gestalt
of engineering; and this difference leads to pernicious social and political
consequences. In making his case, Hayek delineated between the ‘objective’
nature of science and the ‘subjective’ nature of social studies. The object
of science, he contends, is the study of phenomena independently of what
people think about them; whereas the object of social studies is to under-
stand all that people know and believe about themselves and their interre-
lationships to each other and to their external world; everything, in other
words that determines human actions, including science itself. The misap-
propriation of the method of “pure” science to the study of social science
is what Hayek (1952, p. 92) calls scientism—which, he warned, is “the
characteristic outlook of the engineer, whose conceptions of “efficiency”
constitute one of the most powerful forces through which this attitude has
affected current views on social problems.” In other words, scratch an engi-
neer and you will find a central planner. Hayek regards this “engineering
mindset” as dangerous because: “So far as the solution of his engineering
problem is concerned, he [the engineer] is not taking part in a social pro-
cess in which others may take independent decisions, but lives in a separate
world of his own. His technique, in other words, refers to typical situations
defined in terms of objective facts, not to the problem of how to find out
what resources are available or what is the relative importance of differ-
ent needs. He has been trained in objective possibilities, irrespective of the
particular conditions of time and place, in the knowledge of those proper-
ties of things which remain the same everywhere and at all times and which
they possess irrespective of a particular human situation (Hayek, 1952, pp.
168-169)” [...] [i]f Hayek’s critique is to be taken seriously, the plurality
of social constructs—embraced by champions of a ‘new alliance’ between
natural and human sciences—poses a major impediment to that unification
of knowledge they ardently seek. What I am suggesting is that the integra-
tion of natural and human sciences is more elusive than what is suggested
by high-minded prose about ‘unification’» (Hébert, 2021, pp. 612-613).
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In light of this, Hébert argues that the economics—engineering alliance could
be the Trojan horse with which the “engineering mentality” enters the walls of
economics, permeating it with a constructivist logic that leads to social planning,
i.e., an approach that claims to build a new society as engineers plan to build
a bridge.’ Additionally, the ambiguous frameworks of interdisciplinary, trans-
disciplinarity, and so on, would help Ulysses’s strategy, by going beyond Stuart
Mill’s dictum that «a person is not likely to be a good economist who is noth-
ing else» (Mill, 1865, p. 77). Perhaps we will eventually see the substitution of
economists and other social scientists with engineers and planners, in the name of
the constructivism doctrine, which Hayek identifies politically as being socialist
central planning (Hayek, 1967, p. 85). In fact, Hébert concluded his note, with
the warning:

«[t]he inherent danger in a Prigogine alliance between economics and engi-
neering is that what starts as an alliance could easily devolve into a merger,
in which one field dominates another» (Hébert, 2021, p. 614).

Although along a different line of thought, Fforde (2021) also underlines the
inappropriateness and danger of an engineering mentality in economics. The first
impression I had while reading Adam Fforde’s essay was that of finding myself
faced with an ultra-skepticism like the one Isabelle Stengers expressed to me via
email: «the pseudo-science called economics is unable to enter into any alliance,
whatsoever» (stress added). Fforde is not inclined to think of economics as a
social science with predictive power. Rather, he believes that economists in theo-
rizing are sensitive to other criteria:

«I note in passing two prestigious economists (Friedman, 1953; Stigler,
1947) who assert that scientific method requires generation of theory with
predictive power. From this it follows that economics is not a science
(Fforde, 2021, p. 592) [...] Economics, it is obvious, does not have a prac-
tice that requires theories to be tested by their predictive power (Fforde,
2021, p. 592) [...] Mainstream economists, with their experience that model
choice is not done by assessing predictive power, but by ‘what the Prince
likes’, have powerful investments in certain forms of modelling» (Fforde,
2021, p. 594).

Taking this point of view on economics, he observes that the epistemological
distance between it and engineering is too much to believe that a collaboration
will ever work, even for the opportunistic reasons of academics and profession-
als. To sum Fforde’s volcanic narrative, he states that engineers are happy if the
bridge is standing and if it can be built at a given cost and within the shortest pos-
sible time, estimated through several alternative models.

«Engineering cannot be said to be about, in essence, ‘fundamental laws’»
(Fforde, 2021, p. 592). Engineers expand knowledge through practice, trial

5 T also received a similar comment from Bruce Caldwell.
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and error in the evolution of design, which gives them solid predictive
power. On the other hand, economists are almost entirely uninterested in it:
«[flor example, whilst standard theory states that if there is joint produc-
tion or own consumption and so constrained optimisation cannot show how
markets work, and therefore fulfill economics’ ideological responsibilities,
what happens if engineers happily deploy their mathematical skills to show
that, yes markets won’t work, but we can do this instead? What if the this
implies a rejection of behaviourism, a push to endogenise model choice by,
in effect, asking those modelled what they think? This, of course, rejects
the underlying instrumental rationality hypothesis. [...] In other words, the
assumption is that understanding humans means treating them like non-sen-
tient machines: their subjectivity does not matter. This may not work, in the
sense of designing and building something suitable» (Fforde, 2021, p. 594).

Thus, the mentality associated with economic pseudo-science conflicts with the
engineering mentality, so that the two disciplines cannot easily work together.

In my opinion, both authors alert us to some of the real dangers of assuming a
pure science mindset in the field of social science, but: (1) they attribute what is
immanent in economics to the relationship with engineering; and (2) they reveal
some confusion and perhaps misunderstanding about modern engineering and its
evolution.

Concerning the first point, Hébert, referring to Hayek, points out the inadequacy
and perniciousness of the assumption of scientism in the field of economics as a
social science. Pure scientists stay in their ivory towers, without being part of the
social process, but believe they can de-novo design and implement a better society.
It is easy to reply with what the Gospel according to Saint John states—"let he who
is without sin cast the first stone”. Indeed, the mainstream of economic science has
always defended its purity as strenuously as that of the woman in the biblical Song
of Solomon.® According to Robert Skidelsky, the author of the three-volume, award-
winning biography of John Maynard Keynes, «most academic disciplines have
become highly specialized since Mill’s day [...] But no branch of human inquiry
has cut itself off from the whole—and from the other social sciences—more than
economics [...] Economists claim to make precise what is vague, and are convinced
that economics is superior to all other disciplines [...] and view economic problems
as essentially mathematical problems. The efficient state of the economy, general
equilibrium, is a solution to a system of simultaneous equations. Deviations from
equilibrium are ‘frictions’, mere ‘bumps in the road’; barring them, outcomes are
predetermined and optimal. Unfortunately, the frictions that disrupt the machine’s
smooth operation are human beings [...] Today’s professional economists [...]
have studied almost nothing but economics. They don’t even read the classics of
their own discipline. Economic history comes, if at all, from data sets. Philosophy,
which could teach them about the limits of the economic method, is a closed book»
(Skidelsky, 2016, pp. 1-3).

© From which the image of the ivory tower originates.
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I believe that this state-of-the-art cannot be attributed to the penetration of engi-
neering into the economic sphere, but rather to the autonomous emulation of the
pure science epistemology by economists.

As Hébert notes, I did not refer to Hayek’s critique of social rationalism and the
engineering mentality in my article. However, agreeing with the perniciousness of
its diffusion in the economic field, I discussed both the limits of the “economist
as an engineer” paradigm, epistemologically design-oriented, and the dire conse-
quences of a brotherhood between Al scientists/engineers and mainstream econo-
mists in the name of perfect neoclassical rationality and progress toward creating the
mythical perfectly rational agent, i.e., the machina economica. In fact, the economic
theory has been extremely reluctant to accept the implications of the new complex-
ity, being somewhat inclined to associate sophisticated mathematical modeling with
a reductionist approach, i.e., borrowing «some promising concepts and tools without
changing their foundations and ideological commitments» (Mariotti, 2021, p. 565). I
confirm my conviction that in our present times, this is the very engineering mental-
ity that we should fight against, both at a research level, and at all teaching levels.

Secondly, both Fforde and Hébert seem to have a notion of engineering and
its variety based on tradition, i.e. engineers who, regardless of the social context
in which they are embedded, design machineries, plants, and infrastructures that
respond to social needs, but which are offered cast in stone to a society that just has
to adapt to them.” But this is no longer the case. The memory and the analysis of the
figure of Frederick Taylor, engineer and founder of scientific management, proposed
in Adelstein (2021) would be enough to remove any doubt about the existence of a
variety of engineers with their fingers in the pie of social processes. Generalizing,
Garcia-Diaz (2021) refers to academics and professionals who consider systems as
human activity systems—industrial and systems engineers—and I would add man-
agement engineers, as well as environmental, energy and sustainability engineers
(Mariotti, 2021; see also Sect. 7). This evolution has stimulated an important debate
in the field of engineering philosophy aimed at understanding the profound changes
that have been induced in its epistemology, where, to the traditional dimensions
related to the application of natural and exact sciences, to design and the art of get-
ting things done, the social dimension is added, according to which engineers are
also seen as social experts, thanks to their ability to navigate social science, and to
recognize the eminently social nature of the world they act upon (Figueiredo, 2008;
Hynes & Swenson, 2013; Kant & Kerr, 2019).

7 Hayek’s critique had the French econo-engineers of the nineteenth century, condemned as responsible
for the penetration of the engineering mentality into the economy, as its reference. But Hébert himself
had doubts about lumping them in a blanket condemnation (Hébert, 2001).
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4 Opportunities and risks for the advancement of knowledge

We can sum up our main arguments as follows. Mutual interactions between
the “knowing” and the “willing” are essential for advances in both the field of
economics and that of engineering. Generally speaking, isolation between pure
science, experimental science and art (e.g., engineering and applied economics)
has serious effects on the advancement of knowledge, favoring self-referentiality,
epistemological hubris, and a lack of realistic assumptions.

As far as the economic—engineering nexus is concerned, there has been a
reduction in epistemological divergences and fewer tensions between the two
disciplines, at least in the field of applied economics and the socially-sensitive
branches of engineering. Inappropriate mindsets are present in both disciplines,
but they do not seem to be significantly attributable to the bad influence of one
discipline on the other.

As we will see later on (Sect. 6), this rapprochement reflects a more general
trend of cross-fertilization between disciplines and creates the conditions nec-
essary to cross disciplinary boundaries and build bridges between the different
fields of human knowledge. In the next Section, I will re-discuss the role of Al
and complexity as factors that push in this direction.

Opportunities are always associated with risks. Hébert (2021) fears that a con-
vergence, if encouraged and guided by institutional factors that promote closer
relationships between the two disciplines, could have harmful effects, by trans-
forming an alliance into a merger, in which one field dominates another. A cau-
tionary tale is also expressed by Adelstein (2021), with reference to the histori-
cal parabola of Frederick Taylor’s scientific management. In a nutshell, Adelstein
considers “Taylorism” as transdisciplinary economics and engineering avant la
lettre, as a result of Taylor’s ideal aimed at proposing an objective science of
work, for the benefit of workers as well as owners. He explains that:

«[Taylor] insisted, owners must do their part and share the profits created
by the new methods fairly with workers; otherwise, the unity of interest
and resolution of the eternal conflict of the workplace that were not just the
promise but the very problem scientific management had been invented to
solve could not be achieved. Taylor had tried to infuse his transdisciplinary
enterprise with his own normative vision of the problems it would solve and
what the best solutions might look like» (Adelstein, 2021, p. 578).

However, after his death in 1914, under the dominance of the capitalistic
regime, the fate of Taylor’s science was reduced to a purely profit-oriented ver-
sion of engineering:

«[i]n this way, the normative direction Taylor had attempted to impose on
his system was diverted, perhaps inevitably, to the maximization of profits
for owners, and his transdiscipline reduced, as Sergio Mariotti suggests, to
economics for engineering, a tool for corporate profit-making» (Adelstein,
2021, pp. 578-579).
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In other words, he warns us that, once economics become engineering, it must
take on a purpose, a problem to solve or an objective to be achieved. So, given the
historical contingencies, “management science” becomes economic engineering,
intended to help firms earn more profit.

These risks should not be underestimated. Since the goals toward which power-
ful disciplines, such as management and engineering, are likely to be directed in our
late capitalism/authoritarian world, I share the fear of such an outcome with Adel-
stein. However, I think this is a key problem that should be ascribed to all scien-
tific disciplines in their positive (the “is”), normative (the “ought to be”) and art
(the “how”) dimensions. Scientific advances do not take place in a vacuum, and are
instead influenced by the institutional settings (a 1a Douglas North) in which sci-
entists and research activities are embedded, which transmit ethics, values, beliefs,
norms and rules of the game to them. As the advancement of knowledge increas-
ingly benefits from the interactions between all the three disciplinary components,
the insurance against associated social risks is not seclusion in the ivory tower, but
participation (whatever this means: complicity, resistance, opposition or political
action). Of course, this implies judgment. What I fear is not a new transdisciplinary
alliance between economics and engineering in the name of knowledge, but as I
argued in Mariotti (2021), the de-facto alliance, already achieved, between dogmatic
economists and smart but incurious engineers, both super-true believers in homo
economicus and now machina economica. In light of this, a crucial question remains
to identify a good “governance” of the economics—engineering nexus to tip the bal-
ance in favor of opportunities and not risks (see Sect. 6).

5 Technology and complexity call for bridging the gulf

In Mariotti (2021), I identified Al and complexity as key factors, among others,
that push toward bridging the gulf between economics and engineering, and toward
effectively addressing the new socio-economic challenges. Some reflections and
clarifications are presented hereafter on the basis of the critical comments received,
and in particular those of Fforde (2021).

5.1 Artificial intelligence

In my paper, I generally used the term Al in a broad sense, according to which its
epistemological content includes problems and ways of solving them that are char-
acteristic of knowledge engineering, exploring them through the representation and
computer manipulation of knowledge, reintegrating and generalizing them with the
help of the computer, the related software, and machine learning. However, what-
ever definition of Al technology is given, it is a highly pervasive and integral com-
ponent of our daily lives and of the business model of many organizations, as well
as a key strategic element in the plans of many sectors of business, medicine and
governments on a global scale (Dwivedi et al., 2021).
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Looking at the furthest-reaching implications of the Al cluster, scholars have pro-
posed different, sometimes opposite, views of the transformation of capitalism (or
its overcoming). Some have underlined the authoritarian potential of Al, coining
various terms that emphasize the dangers to the freedom of individuals due to the
concentration of data and knowledge in the hands of a few economic organizations
and/or institutions: platform capitalism (Srnicek, 2017), surveillance capitalism
(Zuboft, 2019), neuro capitalism (Helbing & Hausladen, 2022), inhuman capitalism
(Dyer-Witheford et al., 2019). Other scholars proposed that Al paves the way for a
society of abundance, free goods and almost zero marginal reproduction costs, in
many respects beyond capitalism: post-capitalism (Mason, 2015), digital socialism
(Morozov, 2019), fully automated luxury communism (Bastani, 2019), are but some
of the evocative terms used to represent this (r)evolution.

This literature should be taken with a grain of salt. Futurism can be a fruitless
effort if it does not take into account that the future reality can take a multitude of
different paths, depending on the past and open to the present action of humans.
However, being doomed by reality to live forever with uncertainty, it is imperative
for scholars to try to link technological forecasting with social and economic change,
as transformative applications and social impacts of Al are expected in the near and
intermediate future.

For these reasons, I do not agree with the perspective proposed by Fforde (2021),
who suggests approaching Al as humans approached dogs in the past. He states:

«[n]obody, clearly, could have learnt how to trust an autonomous carnivore
to play safely with their young daughter by sitting down to design ‘it’; rather,
they would have kept a close eye on them and been ready to kill it if it seemed
necessary. And an Al can always be turned off. And, as something ‘with teeth’
in an important relationship with humans ... humans will either kill it, or learn
to trust it, or die off before that can happen» (Fforde, 2021, pp. 598-599).

First, the metaphor seems to me inadequate to represent the relationship of
humans with Al In the example of algorithmic collusion that I proposed to eluci-
date the need for close collaboration between economists, engineers, and jurists to
face Al challenges (Mariotti, 2021), it is true that it is humans (businessmen) who
sit down to design their super-intelligent “algorithmic companion dog”, and it is
humans (antitrust authorities) who must protect society from the harm of collusion.
This is a question between individuals of the same species and not between different
species. Second, Fforde proposes approaching Al through observation and experi-
ential learning. I believe he underestimates the pervasiveness and network effects
of Al, which are going to create strong irreversibility and path dependency (David,
2001). Think of plastics, an innovation that is immeasurably less irreversible than Al
and which is seriously polluting the environment. After its pervasive diffusion, is it
easy to “kill” plastics? In reality, humans are still struggling to find remedies to the
pollution it is causing. And since the future is open to human action, I prefer to try
to foresee and prevent death rather than simply observe and risk it.

An Al scientist, Virginia Dignum (2019, p. 18; stress added) stated: «[a]ll techno-
logical change has traditionally been accompanied by fundamental societal changes.
We are now at the brink of yet another one. It is up to us to make this a change for
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the better, for all of humankind and for the environment. This challenge is too large
and too important fo be left to engineers alone. All fields of knowledge from human-
ities and social science to art and design are needed to better build, understand and
use Al». Curiously enough, although engineers seem to be concerned about the vast
impact of Al and demand multidisciplinarity, according to Fforde, economists and
other social scientists could limit themselves to a “wait and see” perspective. Indeed,
what is needed is not futurism, or simple observation, but studies that integrate both
the technical characteristics of Al systems and the social, economic, industrial and
institutional context in which they are deployed.

5.2 Complexity

Fforde (2021) notes that I neither defined the meaning of complexity exactly, nor
stated whether I referred to reality or to the model:

«[w]hether it is plausible to judge that society is becoming more—or less—
complex depends on many factors, but there is a distinction between such
judgements and the arguments made to support them: the extent to which
models should be complex or not» (Fforde, 2021, p. 592).

Taking the example of the motion of the pendulum, he observes that the reality
of the pendulum is only one, but that it can be modeled in a “simple” or “com-
plex” way, according to the approximation required for our interpretation of reality.
In light of this:

«[c]omplexity is then better seen as a perhaps characteristic of models, not
reality. From this perspective, it is understandable but probably wrong to
see that the failure of economists’ models to secure predictive power can be
explained as an “admission that agents are heterogeneous, rationality bounded
and not perfectly informed has paved the way to a new age in economics, the
‘complexity era’” (Mariotti, 2021). In some sense, they always were. The bob
of a pendulum is never, really, such that its centre of gravity is at its geometric
centre: but it can work to assume that it is (or not, depending). It is obvious
that a priori arguments about the extent to which this is the case, or not, reflect
deep aspects of methodology: model choice was, and remains, determined by
various factors, but predictive power is not one of them. If it were, the point
would be about the degree of heterogeneity (etc.) related to what the model is
meant to do when it predicts. A priori, humans can be said to be simple, com-
plex, or somewhere in between; with a predictive criterion, and something to
predict, an a priori answer is silly» (Fforde, 2021, p. 593-594).

To better explain my argument, I refer to Simon’s approach to complexity. In his
essay “Science seeks parsimony, not simplicity: Searching for pattern in phenom-
ena,” Simon (1967, p. 7) provided the following statement: «[t]he primordial acts
of science are to observe phenomena, to seek patterns (redundancy) in them, and to
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redescribe them in terms of the discovered patterns, thereby removing redundancy.
The simplicity that is sought and found beautiful is the simplicity of parsimony,
which rests, in turn, on the exploitation of redundancy. We do not seek the abso-
lutely simplest law but the law that is simplest in relation to the range of phenomena
it explains, that is most parsimonious».® Simon gave the definition of parsimony as
the «relation between two strings: one representing a data set, the other representing
a formula for that set. In general, we will be interested in data sets represented as
sequences of raw observations, before they have been recoded to take advantage of
any redundancy they may possess. The function of formulas is to exploit such redun-
dancy when it can be discovered» (Simon, 1967, p. 5) [...] «[s]pecifically, parsi-
mony is the ratio of the complexity of the data set to the complexity of the formula.
To the extent to which a data set can be represented parsimoniously, we say that it is
patterned, and we call the representing formula a pattern... [c]onsider two data sets,
the second of which includes the first, and is thereby the more complex. Suppose
that the same formula describes both sets. Then the parsimony of the relation of the
formula with the larger data set is greater than the parsimony of its relation with the
smaller set. Similarly, if two formulae describe the same data set, the parsimony of
the relation with the simpler formula is greater than the parsimony of the relation
with the more complex» (Simon, 1967, p. 6).

Accordingly, what I mean by “increasing complexity” is that to model contempo-
rary reality, whatever the scope is (predictive or not), we are requested to be more
redundant, i.e., in general, the most parsimonious scientific laws describing eco-
nomic phenomena in present days are less parsimonious that in the past. As I tried to
explain and exemplify, Al is one of the main drivers of this needed “diseconomy”.
Relatedly, Silvano Cincotti contributes to deepening the theme of complexity and its
implications on scientific theorizing, concluding that:

«[i]n the framework of complexity, the scientific question moves from neo-
classical problems on uniqueness and stability of the equilibrium in the eco-
nomic systems to the theoretical determination of the conditions for self-refer-
ential situations characterized by the self-fulfilling prophecy of the economy.
Simultaneously, the economic agents move from perfectly rational agents able
to forecast the future without systematic errors to badly-informed bounded-
rational ones that create their future» (Cincotti, 2021, p. 586).

Finally, since the protagonists in the challenge of complexity are technological
hardware and software systems resulting from the progress of computer science and
an increasingly refined and scientificated engineering design (Simon’s old, but very
topical thesis), the need for a reconsideration of the relationship between econom-
ics and engineering emerges spontaneously in society and not from the conviction
and imposition of some social planners. It is not a self-fulfilling operation, given
the inertia and impediments due to the epistemological divergences commonly
highlighted, but it instead requires a conscious search for «an alliance that brings

8 In doing so, Simon applies Occam’s razor principle: “frustra fit per plura quod potest fieri per pau-
ciora” (it is futile to do with more things that which can be done with fewer).
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these two disciplines separated over time—the hard science (exact, technological)
versus the soft sciences (social, historical)—to a unitary and coherent vision of real-
ity, which results from the integration of complementary economic and engineer-
ing constructs, the protection of plurality, and the determination to understand and
tackle possible tensions» (Mariotti, 2021, p. 553; stress added).

6 Disciplinary imperialism or alliance between disciplines?

Swann (2021) aptly emphasizes that the likelihood of a meeting of disciplines being
successful, in the sense of giving society what it needs, depends on governance, i.e.,
on the institutional forms that preside over the exchange of knowledge and the regu-
lation of mutual disciplinary tasks. In the following, I discuss the alternatives of
governance.

Historically, economics has created the conditions necessary to affirm the idea of
putting disciplinary relations under the giant umbrella of “economics imperialism”.
Miki (2009) reminded us how Robbins’s (1935, p. 16) well-known definition of eco-
nomics as «the science that studies human behavior as the relationship between poor
ends and means that have alternative uses» gave rise to a powerful scope-expanding
process of the discipline: «[a]fter all, the ends that men and women seek include not
just bread and butter but also reputation, adventure, sex, status, eternal salvation,
the meaning of life, and a good night’s sleep» (Hirshleifer, 1985, 53). According to
this concept, the scope of economics is not restricted to ordinary market phenom-
ena: «[r]ational self-interested choice plays a role in many domains of life other than
markets, for example in politics, warfare, mate selection, engineering design, and
statistical decisions» (Hirshleifer, 1985; stress added).

In fact, this extended interpretation has paved the way toward economics impe-
rialism, in a perspective that sees not only explanatory unification, but full consil-
ience under the dominance of the economic theory (Méki, 2009, p. 359). As Miki
argued, there is good and bad in economics expansionism. The “good thing” is that
it «manifests a respectable philosophy of science» when searching for knowledge
unification. The “bad thing” is that «economics imperialism suffers from unjustified
radicalism and dogmatism that should deny it any support» (Méki, 2009, p. 377),
i.e. a self-importance that prevents serious attempts to meet the ontological, practi-
cal, and epistemological constraints whose respect makes a derivationally more uni-
fying theory also a better theory. He concludes by arguing that economics imperial-
ism should be distinguished from other types of interdisciplinary relations, while
defending himself against the economic hubris on which economics imperialism is
based, but without renouncing the yearning for unification.

Indeed, associated with economics imperialism, a position of social superiority
of economists has emerged, which has bred self-confidence, allowed the discipline
to maintain its epistemological insularity over time and fueled an inclination toward
a sense of entitlement. Fourcade et al. (2015), for example, cited a survey conducted
in the United States in 2006 which showed that mainstream economists were the
only social scientists who opposed interdisciplinarity to a great extent: 57.3% of
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American economics professors disagreed with the statement that “in general, inter-
disciplinary knowledge is better than knowledge obtained by a single discipline”
while, on average, 20.8% of other social scientists did so (professors in finance, his-
tory, political science, psychology, sociology).

In contrast, and quite ironically, in more recent times, we have witnessed an
increasing assimilation by economics of other social sciences, with the incorpora-
tion of knowledge from psychology, sociology, neuroscience, biology, anthropology,
etc. (Cedrini & Fontana, 2018; Colander et al., 2011; Davis, 2006), as well as from
engineering (Duarte & Giraud, 2020). The most relevant case is perhaps that of
behavioral economics, which has begun to question the mainstream (Angner, 2019).
More generally, after economics had exported its view of rationality to other social
sciences, new approaches have emerged within economics that import insights from
other sciences, thus giving rise to a process that has been called “reverse imperial-
ism” (Crespo, 2017; Davis, 2006).

Imperialism and reverse imperialism are criticized for envisioning an epistemo-
logical domain that would constrain and stifle the development of the interpretative
and creative capacities of the disciplines. However, both reflect the aspiration of sci-
ences toward unification. Miki (2009, p. 357) noted: «[w]hatever the formulation,
unification is widely celebrated as a major goal and achievement of the best of sci-
ence.... There is little doubt that large segments of the economics profession share
the view that unification is a major virtue of theorizing».

In contrasting pluralism to imperialism, Davis (2016) conducted an insightful dis-
cussion on how not to throw the baby out with the bathwater. He referred to the
key concepts of complexity economics. According to which «[a]gents’ “actions and
strategies constantly evolve” and “structures constantly form and re-form” in a pro-
cess of interaction at the “meso-layer” level that continually changes their relation
to one another. If we take agents to be sciences and structures to be the relation-
ships between sciences, then in a complex world the sciences and their relationships
are constantly changing each other. Accordingly, sciences can only appear relatively
autonomous in the short run. Their relatively independent identities, that is, are
nominal in the sense of states of affairs that abstract [...] from the forces of influ-
ence that sciences have on one another. Perhaps one way of thinking of this is indeed
in terms of investment in new domains, as in Chicago’s economics imperialism idea.
But that narrow, single channel surely under-estimates the variety of forms of inter-
action between sciences. At the very least, if there is economics imperialism, there
are just as much other science imperialisms directed to economics’ domain» (Davis,
2016, p. 92).

The antidote to this state-of-the-art is economic pluralism, which has flexible and
evolutionary characteristics: «in an evolutionary world change is always occurring
and somehow accompanies stability. Thus differences in how the sciences jointly
and separately explain the world constantly emerge. Pluralism seen from this per-
spective is both a descriptive and normative view. That different approaches con-
tinually emerge is a fact about the nature of science [...] It also seems to be a fact
about science that most people wish science should freely advance. From this, it
seems entirely justified to recommend that science environments be open and plu-
ralistic. Needless to say, the details of securing this goal are many and demanding
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in economics, because neoclassicism since the early reverse imperialism incursions
from the 1980s has arguably become an increasingly defensive and yet aggressive
approach. No support for pluralism seems likely to be found among the ranks of
neoclassical economists. The risk is just too high to core principles. Thus as has
only been too long clear, the defense of pluralism falls to heterodoxy» (Davis, 2016,
p. 93).

In the field of economic—engineering relationships, I believe that the right form
that pluralism should take on is an “alliance a la Prigogine” (not a merger, as feared
by Hébert, 2021), according to which each discipline, with equal dignity, inde-
pendence and mutual respect, agrees to be crossed and transformed by the other,
in a context of coexistence and continuous emerging of new theoretical and practi-
cal approaches. My reference to Prigogine was perceived as suggestive and vague.
However, Prigogine (2005)—to the best of my knowledge the only writing in which
the Nobel laureate explicitly dealt with economics—clearly described the philo-
sophical antecedents on which the alliance could be founded, underlining the con-
vergence of physics and economics on the “laws of possibilities” in the name of the
shared properties of irreversibility, instability, chaos and unpredictability of complex
systems studied by both sciences: «[i]n all fields, whether physics, cosmology or
economics, we come from a past of conflicting certitudes to a period of question-
ing, of new openings». This is «the historical time where physics meet economics
[...] no longer is there a gap between the ‘hard’ science speaking of certitudes and
the ‘soft’ science dealing with possibilities [...] the existence of value, and therefore
also of economic value, is in line with our present description of the physical uni-
verse» (Prigogine, 2005, pp. 68—69).

In a subsequent paper, Davis (2019) argued that increasing specialization and
a more niche-based economics may reduce the distinct identity of economics to a
monolithic discipline by fostering more borrowing from other disciplines, thus
favoring pluralism, as «what is more likely to promote pluralism is the argument
that any discipline depends on sustaining its internal diversity—the perspective of
the discipline as a whole—and the idea that diversity is intrinsic to entire systems»
(Davis, 2019, p. 289). Davis outlined the reasons for such increasing specialization
and fragmentation, starting from Smith’s division of labor view, and Kuhn’s think-
ing on the importance of specialization, and arriving at Arthur’s theory of tech-
nological change as determinants of specialization in science, and at the effects of
space, culture, and internationalization.

What I would like to underline is the close relationship of this vision with the one
proposed in Swann’s contribution (2021), albeit hidden by a veil of pessimism:

«a growing number of disciplines are closer to a federation of semi-auton-
omous sub-disciplines [...] Swann (2019, Ch. 12) surveyed some of the lit-
erature on this, and found that many more disciplines are now recognised as
federations, including: medicine, physics, chemistry, biology, neuroscience,
cognitive sciences/psychology, computer science/computing, business studies,
materials science and engineering» (Swann, 2021, pp. 623-624).

As regard to economics, Swann’s thinking is that his specialistic area—the
economics of innovation—is a semi-autonomous hybrid discipline, at least in
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Europe. As he wrote in a mail to me, innovation economics draws on the work
of scholars who have backgrounds in different disciplines, but whose princi-
pal interest is innovation, and who are willing to engage in something close to
transdisciplinary work. I add that hybridization is favored in fields where the
systemic complexity and relevance of the technologies require the search for a
synthesis between the aggregate approach of the economist, who looks at tech-
nology as a black box (provided by “God and engineers”, as in Joan Robinson’s
famous dictum), and the disaggregate modeling of the engineer who is required
to match the economic values associated with more aggregate market variables.
Past and present examples can be found in network industries: the foundation
of energy economics in the last few years of the nineteenth century, in conjunc-
tion with the heavy intervention of many states in the production and distribu-
tion of energy (Evans & Hunt, 2011); the creation of transport economics in
the 1960s, thanks to the partnership of John Meyer and Martin Wohl (an engi-
neer) and their seminal books wherein they used a combination of economics
and engineering to understand mobility within cities (Meyer & Wohl, 1965);
the emergence of digital network economics, with its inextricable interweaving
between the properties of ICT technologies and essential economic concepts,
such as complementarity, compatibility, standards, externalities and switching
costs (e.g., Shy, 2001).
However, Swann notes:

«[w]hile I would dearly like economics to be a federation, it is in real-
ity a unitary state. Mainstream economics has sub-disciplines, but they are
barely autonomous. The rules that govern what makes good research and
good teaching are more or less the same in all sub-disciplines of econom-
ics» (Swann, 2021, p. 624).

Clearly, he refers to the dominant view of mainstream economics:

«Mariotti’s proposal require economists to do things that economics
departments do not value highly, and which mainstream economists are not
in the habit of doing. If these unusual economists are to feel confident that
they can do these activities without career risk, then they must work in an
environment where the rules are different. That is, they must be located in
a sufficiently autonomous sub-discipline» (Swann, 2021, p. 624).

I totally agree with him. As in medicine, economics should be a federation of
semi-autonomous sub-disciplines open to the contribution of other disciplines
and methodological pluralism. Alliances need autonomy and require the meet-
ing of integral thinkers who are mindful and conscious of the need for plurality,
that is, «scholars well rooted in their own discipline, but who are open to change
their attitude, becoming less self-referential and not abusing disciplinary formal-
ism» (Mariotti, 2021, p. 568). If Davis’s analysis is correct, this is not only a
normative wish (that ought to guide economists’ research goals and the organi-
zation of research), but also a descriptive sense regarding the role that diversity,
semi-autonomy, and cooperation is happening in the development of economics.
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7 Alliance and transdisciplinarity re-discussed

As outlined in the previous Section, the movement toward disciplinary intertwin-
ing appears a constant in the evolution of economics, as for other disciplines, but it
has assumed forms of disciplinary domination that have been caused by the excess
of the epistemological hubris of the different scientific castes. Therefore, it does
not appear at all senseless to propose policies for the advancement of sciences that
would be able to exploit the potential inherent to these processes, that is, freeing up
resources through different modes of interaction. This is the meaning of the alliance
I have proposed in the specific context of the relationship between economics and
engineering, but which is open to other disciplines, respectful of singularities, and
able to guarantee “equal dignity”, in accordance with Adelstein’s point:

«only economics and engineering, the recognition of social science and social
engineering as distinct disciplines, each with its own role and epistemology,
provides the independence and critical distance necessary for both economists
and policymakers to step back and consider how scientific knowledge is being
used, who is being controlled, and toward what end» (Adelstein, 2021, p. 576).

Interestingly, social scientists are also requesting that the boundaries of their
disciplines should be pushed further by involving them in more interdisciplinary
work. For instance, in the field of law, Calabresi (2016) forcefully called for a pas-
sage from an “economics of law” approach (where law is a subject of analysis) to
an “economics and law” one in which the two disciplines enrich each other on a
“parity basis”. Analogously, in the field of organization science, Grandori (2021)
observes that Williamsonian transaction cost economics «is not exactly an econom-
ics of organization; it is an economics and organization», and suggests the necessity
for a wider, more inclusive, interdisciplinary science of economic organization.’

Alliance is figuratively like an “agreement picture” signed by the various disci-
plines, which implies flexibility and dynamic adaptability, but in which a convergent
orientation to the “knowing” and/or the “willing” constitutes its cement. By using
Su and Colander’s metaphor of general contractor, in a “willing-oriented” alliance,
this role is contingent on the specific project, i.e., it could be performed alternatively
by an applied economist, a management engineer, a sociologist, a neuroscientist, etc.
In other words, the governance of the alliance depends on the problem that has to be
solved jointly, which makes the emergence and consolidation of epistemological and
disciplinary hierarchies less likely.

Ultimately, it was the yearning for a prospect of unification of knowledge that
inspired me when I wrote—with reference to Prigogine’s belief to find a junction
between natural and social science—that the mission of an economics—engineering
alliance is «to restore a unified knowledge based on plurality, diversity and multi-
ple perspective» (Mariotti, 2021, p. 566; stress added); where “restore” means to

9 Tt is worth noting they use the same prepositions — from “of” to “and” — that T used in my previous
article.
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remedy the hyper-specialization that has characterized both economic science and
applied economics in recent decades.

The alliance brought to mind the concept of transdisciplinarity. I am not a trans-
disciplinarian scholar. I have never used this concept or even the expression in any
of my previous works. I arrived at transdisciplinarity inductively, using its con-
structs in a mainly evocative way. I was therefore not surprised by Hébert’s remark
that I was vague and inconclusive about it, and I agree with Adelstein’s affirmation
that my proposal of trandisciplinary integration is suggestive rather than substantive.

These criticisms lead me to confront the different theories and methodologies
of transdisciplinary scholars in greater depth. According to McGregor (2015), who
compared, for the first time in any detail, the two main approaches to transdisci-
plinarity, I follow the Ziirich approach and not Nicolescu’s methodology to create
new knowledge. While Nicolescu worked out a unique definition of transdisciplinar-
ity, grounded on metaphysics and quantum physics, and proposed a methodology
axiomatic in ontology, logic and epistemology, the scholars who attended the 2000
Ziirich International Transdisciplinary Conference (Klein et al., 2001) focused on
how science and research can accommodate complexity, mainly through disciplines
working together within the constraints placed on them by the context within which
the knowledge should be applied. Furthermore, the Ziirich approach borrowed a
conceptualization on how knowledge is produced from Gibbons et al. (1994), the so-
called “Mode 27, as an alternative to “Mode 1.

In Mode 1, knowledge is exclusively created within specialized disciplines, with
problems shaped by the academic community, which is largely divorced from the
world (the already mentioned “ivory tower syndrome”). Mode 2 looks at modern
science as increasingly project-oriented, contextualized and thus confronted with
structuring problems that change according to the situation. Therefore, it conceives
the production of knowledge as emerging together with the evolving framework
to address problems in the context of application, so that the found solutions are a
genuine contribution to knowledge, whose creation is viewed as a cumulative pro-
cess that goes beyond disciplinary maps. The production of knowledge in Mode 2
requires more transitory, flexible structures and flatter hierarchies than in Mode 1.
The composition of the group dealing with the problem changes over time as the
requirements evolve. The resulting knowledge is socially robust, accountable and
reflective. Everyone should try to operate from the point of view of all the actors
involved, which poses the challenge of sharing the values and preferences of the dif-
ferent members of the research team.

Mode 2, which has been revised in various ways in the literature (e.g., Nowotny
et al., 2003),'% is actually very close to my thinking on how to face, “in the field”,
the complex problems posed by the interactions between business, society and Al,
both going beyond interdisciplinarity, in which the disciplines, although interacting,
remain on their own, and avoiding unrealistic “new sciences” from being achieved
and even hypothesized. The discussion in Mariotti (2021) on algorithmic collusion

10 The emergence of literature aimed at closing the gap between the two modes of transdisciplinary
research (e.g., Rigolot, 2020) is worth noting.
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and other social challenges posed by Al is illustrative. However, I must admit that
the actions and strategies necessary to arrive at an effective implementation of
Ziirich school’s transdisciplinarity are still lacking on my part. Fortunately, the con-
tributions of Garcia-Diaz (2021) and Cyrille Rigolot (2021), albeit in very different
ways, put forward ideas and arguments on how to implement the “new alliance” in a
context of transdisciplinarity.

In his valuable note, after proposing a fine-grained analysis of the epistemolog-
ical differences between economics and engineering and also between the “tradi-
tional design” and “design as co-participation” of engineers, Garcia-Diaz argues
that systems engineering, on the one hand, and complexity economics, on the other,
may serve as a bridge to bring the two disciplines close together and to favor their
alliance, as:

«[m]any of the systems principles that are shared by systems engineers [...]
are also shared by complexity and evolutionary economists [...] Arguably,
complexity science and systems thinking are under the same roof of systems
approaches as they share compatible ontological principles» (Garcia-Diaz,
2021, p. 604).

On the engineering side, he refers to those engineers that study human activity
systems. He mentions major associations that group such scholars together and,
among them he mentions the International Council on Systems Engineering, which,
in a revealing manner, declares its aim to be: «to develop and disseminate the trans-
disciplinary principles and practices that enable the realization of successful sys-
tems» (https://www.incose.org/about-incose; stress added).

On the economics side, he argues:

«[s]ystems approaches have had a closer relationship with systems engineering
than with economics, and that is why I believe complexity economics may in
part serve as a bridge nowadays [...] it is hard to find economists interested in
the systems approaches», but “[a] diverse set of pressing societal challenges
are right now necessitating a transdisciplinary focus, and thus are serving as
meeting spaces for engineers and economists. These challenges relate to issues
in ecological and environmental economics; post-carbon and post-growth
futures; systemic risks; circular economies; urban sustainability; social pro-
tection and the Covid-19 pandemic effects on labor transformation; and many
others» (Garcia-Diaz, 2021, p. 606).

He adds that epistemological convergence, which favors a thorough understand-
ing of pluralistic economics by systems engineers, is pushed by the accelerated sci-
entification of engineering, which in turn is needed to deal with the fourth industrial
revolution (Al-influenced). Garcia-Diaz also argues—and I totally agree—that the
economics—engineering alliance might materialize only along some directions, and
outside the mainstream. However:

«[e]specially in European circles, the heterodoxy has gained a little more
value, and policy discussions are willing to embrace pluralism» (Garcia-Diaz,
2021, p. 606).
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Finally, Rigolot (2021) opens a wider window from the house of transdisciplinary
scholars, to look at the alliances between disciplines. He gives methodological indi-
cations on the organization of a transdisciplinary university and outlines transdiscipli-
nary initiatives in synergy with those of the economics—engineering alliance, which I
neglected. Specifically, he draws attention to the research field of sustainability that:

«has been producing increasingly robust frameworks and tools to integrate dif-
ferent kinds of knowledge [...], to ensure or evaluate the practical implications
of this integration on the ground [...] In my understanding, the research field of
“ecological economics” is typically (at least partly) a significant effort toward a
kind of transdisciplinary “alliance” between economy and ecology» (Rigolot,
2021, p. 617).

These contributions give some concreteness to the transdisciplinary perspec-
tive, thus helping to fill a gap in my previous discussion. However, the modalities of
its effective implementation require much more research on the needed institutional
changes, investments, and policies, also taking into account the warning of Hébert, i.e.,
to be aware that:

«the rise of populist governments and identity politics in both America and
Europe makes resource allocation of the required magnitude a hard sell» (Hébert,
2021, p. 613).

8 Conclusion

These are some responses to the rich critiques presented by Adelstein, Cincotti, Fforde,
Garcia-Diaz, Hébert, Rigolot, and Swann. Before concluding, I would like to reiter-
ate my indebtedness to the seven authors for what I have learned from their respec-
tive arguments. At the same time, I hope that the published contributions, as a whole,
will stimulate a debate that too often takes place only in philosophy of science, episte-
mology, methodology and history journals. Given the relevance of the arguments and
problems posed for an effective policy of scientific and technological progress, I hope
that their discussion will become common practice and the patrimony of a wider set of
scientific journals.
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