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EDITORIAL

	 

	Știință sau pseudoștiință?

	Nicolae Sfetcu1

	nicolae@sfetcu.com

	 

	Science or Pseudoscience?

	Abstract

	Science and pseudoscience are two terms often used to describe the pursuit of knowledge and understanding in the world. Although both may appear similar at first glance, they are fundamentally different in their approach, methodology and reliability of their findings.

	This essay aims to explore the distinctions between science and pseudoscience, their impact on society, and the importance of critical thinking in differentiating between them.

	Keywords: science, pseudoscience, scientific methodologies, falsifiability, demarcation, non-science

	Rezumat

	Știința și pseudoștiința sunt doi termeni adesea folosiți pentru a descrie căutarea cunoașterii și înțelegerii în lume. Deși ambele pot părea similare la prima vedere, ele sunt fundamental diferite în abordarea lor, metodologia și fiabilitatea constatărilor lor. 

	Acest eseu își propune să exploreze distincțiile dintre știință și pseudoștiință, impactul lor asupra societății și importanța gândirii critice în diferențierea dintre ele.

	Cuvinte cheie: știință, pseudoștiință, metodologii științifice, falsificabilitate, demarcare, non-știință

	 

	 

	CUNOAȘTEREA ȘTIINȚIFICĂ, Volumul 2, Numărul 4, Decembrie 2023, pp. 3-8

	ISSN 2821 – 8086, ISSN – L 2821 – 8086, DOI: 10.58679/CS22283

	URL: https://www.cunoasterea.ro/stiinta-sau-pseudostiinta/ 

	© 2023 Nicolae Sfetcu. Responsabilitatea conținutului, interpretărilor și opiniilor exprimate revine exclusiv autorilor.

	 

	[image: Image]Acesta este un articol cu Acces Deschis (Open Access) distribuit în conformitate cu termenii licenței de atribuire Creative Commons CC BY SA 4.0 (https://creativecommons.org/licenses/by-sa/4.0/).

	 

	Introducere

	Știința și pseudoștiința sunt doi termeni adesea folosiți pentru a descrie căutarea cunoașterii și înțelegerii în lume. Deși ambele pot părea similare la prima vedere, ele sunt fundamental diferite în abordarea lor, metodologia și fiabilitatea constatărilor lor. 

	Delimitarea dintre știință și pseudoștiință face parte din sarcina mai generală de a determina care credințe sunt justificate epistemic. 

	Acest eseu își propune să exploreze distincțiile dintre știință și pseudoștiință, impactul lor asupra societății și importanța gândirii critice în diferențierea dintre ele.

	Știința: o căutare metodică a adevărului

	Știința este o abordare sistematică și bazată pe dovezi pentru înțelegerea lumii naturale. Urmează un set de principii și metodologii concepute pentru a minimiza părtinirile și erorile în căutarea explicațiilor și predicțiilor. 

	Știința poate fi descrisă ca fiind parțial descriptivă, parțial normativă. O definiție a științei se poate concentra pe conținutul descriptiv și specifică modul în care termenul este utilizat efectiv, sau, se poate concentra asupra elementului normativ și poate clarifica sensul mai fundamental al termenului. 2 Cea mai veche utilizare a acestei denumiri se consideră ca aparținând fiziologului francez François Magendie, (Magendie 1843) care este considerat unul din pionierii fiziologiei experimentale. Există o divergență între filozofii științei și unii membri ai comunității științifice referitor la posibilitatea unei distincții obiective între “pseudoștiință” și “știință”.

	Caracteristicile cheie ale științei includ:

	
		Observație empirică: Știința se bazează pe dovezi empirice obținute prin observare atentă, experimentare și colectare de date. Această încredere pe fapte observabile și experimente repetabile asigură obiectivitatea și reproductibilitatea.

		Falsificarea: Ipotezele și teoriile științifice trebuie să fie testabile și potențial falsificabile. Aceasta înseamnă că ele pot fi dovedite false prin dovezi, ceea ce permite autocorecția și rafinarea în timp.

		Revizuire colegială: Cercetarea științifică este supusă unei evaluări inter pares, în care experții din domeniu evaluează și critică metodologia, rezultatele și concluziile. Acest proces asigură controlul calității și eliminarea părtinirilor.

		Progres: Știința este un proces de auto-corecție. Noile descoperiri se bazează pe cunoștințele existente, iar ideile învechite sunt înlocuite cu altele mai bune. Această evoluție dinamică duce la progresul înțelegerii umane.



	Pseudoștiința: iluzia științei

	Pseudoștiința, pe de altă parte, imită metodele științei, dar îi lipsește rigoarea și metodologia care fac adevărata știință fiabilă. Convingerile și practicile pseudoștiințifice sunt adesea conduse de convingeri personale, dorințe sau interese comerciale și pot duce la răspândirea de informații false. 

	Caracteristicile cheie ale pseudoștiinței includ:

	
		Lipsa dovezilor empirice: Afirmațiile pseudoștiințifice se bazează frecvent pe anecdote, mărturii personale sau date culese pe bază de cireșe, mai degrabă decât pe dovezi empirice sistematice. Ei se bazează adesea pe părtinire de confirmare, căutând doar dovezi care să susțină afirmațiile lor.

		Nefalsificabilitatea: Ideile pseudoștiințifice sunt adesea structurate într-un mod care le face imune la respingere. Le lipsesc ipotezele testabile și adesea invocă entități neobservabile sau supranaturale ca explicații.

		Absența evaluării colegiale: Afirmațiile pseudoștiințifice nu au adesea o evaluare riguroasă de către colegi și sunt promovate de persoane sau grupuri cu interese personale. Această lipsă de control extern permite propagarea necontrolată a informațiilor false.

		Stagnare: Credințele pseudoștiințifice tind să persiste în ciuda dovezilor contrare. Ele nu evoluează ca răspuns la date noi, iar susținătorii pot recurge la teorii ale conspirației sau la explicații ad-hoc pentru a-și menține afirmațiile.



	 

	Nu toate non-științele sunt pseudoștiință, precum metafizica sau religia. Mahner (Mahner 2007, 548) a propus termenul "para-știință" pentru practicile ne-științifice care nu sunt pseudoștiințe. 

	"Neștiințific" este un concept mai restrâns decât "non-științific", deoarece primul termen implică o anumită formă de contradicție sau conflict cu știința, iar "pseudoștiințific" este mai restrâns decât "neștiințific", deoarece implică o intenționalitate. 

	Mulți autori presupun că pentru a fi pseudoștiințifică, o activitate sau o învățătură trebuie să satisfacă după două criterii (Hansson 1996): (1) să nu fie științifică și (2) principalii săi susținători să încerce să creeze impresia că este științifică.

	Grove (Grove 1985, 219) a inclus printre doctrinele pseudoștiințifice pe acelea care "intenționează să ofere explicații alternative celor din știință sau să pretindă să explice ce știința nu poate explica". Într-un sens mai larg, se presupune că pseudoștiința include nu numai doctrine contrare științei proclamate a fi științifice, ci și doctrine contrare științei în instanță, indiferent dacă sunt sau nu prezentate în numele științei. (Hansson 1996) 

	Impactul asupra societății

	Distincția dintre știință și pseudoștiință este crucială, deoarece influențează direct societatea. Credințele pseudoștiințifice pot duce la riscuri pentru sănătate, exploatare financiară și răspândirea dezinformării. În plus, proliferarea produselor de sănătate pseudoștiințifice poate dăuna persoanelor care se bazează pe ele, mai degrabă decât pe medicina bazată pe dovezi.

	Mai mult, pseudoștiința poate împiedica progresul științific și poate induce în eroare opinia publică cu privire la probleme importante precum schimbările climatice și evoluția. Confuzia societății cu privire la ceea ce este cu adevărat științific poate avea consecințe de lungă durată.

	Conflictul dintre știință și pseudoștiință se regăsește, pe de o parte, în comunitatea de discipline de cunoaștere care include științele naturale și sociale și umaniste, și pe de altă parte în o mare varietate de mișcări și doctrine, cum ar fi creaționismul, (Sfetcu 2015, 112) astrologia, homeopatia și denialismul holocaustului, aflate în conflict cu rezultatele și metodele general acceptate în comunitatea cunoașterii.

	Există însă fenomene care satisfac ambele criterii, dar nu sunt pseudoștiințifice, precum frauda în știință. Unele forme de pseudo-știință au ca obiectiv lupta împotriva unei teorii științifice (denialismul științific), precum negarea holocaustului nazist (Gleberzon 1984), sau negarea schimbărilor climatice (Williams 2005). De asemenea, teoria "design-ului inteligent" (Sfetcu 2015, 103) susține o interpretare fundamentalistă a genezei negând evoluția.

	Rolul gândirii critice

	Gândirea critică joacă un rol esențial în diferența dintre știință și pseudoștiință. Aceasta include capacitatea de a evalua dovezile, de a lua în considerare explicații alternative și de a cântări credibilitatea surselor. Încurajarea abilităților de gândire critică poate ajuta indivizii să ia decizii în cunoștință de cauză și să reziste atracției afirmațiilor pseudoștiințifice.

	Profesorul Paul DeHart Hurd (Hurd 1998) consideră că o mare parte din oamenii de știință sunt în stare să distingă între știință și diferitele pseudoștiințe precum astrologia (Sfetcu 2015, 257), șarlatania, ocultismul, (Sfetcu 2015, 229) sau superstiția. Pseudoștiința este oricare subiect care pare a fi științific la prima vedere, sau ai cărui susținători susțin că este științific, dar care contravine condițiilor de testare sau deviază mult de la alte aspecte fundamentale ale metodelor științifice.

	Standardele pentru demarcare pot varia în funcție de domeniu, dar o serie de principii de bază sunt unanim acceptate. Toate rezultatele experimentale ar trebui să fie reproductibile, metoda științifică să poată fi aplicată peste tot, prejudecățile să poată fi controlate sau eliminate, experimentele să fie corecte, studiile să fie obiective, etc. Datele să fie documentate pentru a fi reproduse și pentru studii suplimentare. Cuantificarea statistică a importanței, încrederii, și erorii sunt, de asemenea, instrumente importante pentru metoda științifică. (Sfetcu 2015, 2)

	Concluzie

	În concluzie, știința și pseudoștiința reprezintă abordări distincte pentru înțelegerea lumii din jurul nostru. Știința este un efort riguros, bazat pe dovezi și de auto-corecție, care a propulsat cunoștințele și progresul tehnologic al umanității. Pseudoștiința, în schimb, se bazează pe dovezi anecdotice, nu are metodologia științifică și promovează adesea credințe nefondate.

	Pentru a naviga într-o lume plină de o abundență de informații, este esențial să cultivați abilitățile de gândire critică. Procedând astfel, putem distinge mai bine între descoperirile științifice autentice și afirmațiile pseudoștiințifice, asigurându-ne că luăm decizii informate care promovează bunăstarea indivizilor și a societății în ansamblu.
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	Abstract

	String theory, a framework that aims to reconcile general relativity and quantum mechanics, holds a unique position in the field of quantum gravity. In quantum field theory, the main obstacle is the occurrence of the untreatable infinities in the interactions of the particles due to the possibility of arbitrary distances between the point particles. Strings, as extended objects, provide a better framework, which allows finite calculations. In the realm of theoretical physics, where theories often push the boundaries of human understanding, examining the epistemology of a theory becomes crucial. This article delves into the epistemological aspects of string theory's role in our quest for a unified theory of quantum gravity, exploring the challenges it presents and the insights it offers.

	Keywords: string theory, epistemology, quantum gravity, quantum field theory, unified theory, M-theory, superstring theory, brane theory

	Probleme cu teoria corzilor din gravitația cuantică

	Rezumat

	Teoria corzilor, un cadru care își propune să reconcilieze relativitatea generală și mecanica cuantică, deține o poziție unică în domeniul gravitației cuantice. În teoria câmpului cuantic, principalul obstacol este apariția infinităților netratabile în interacțiunile particulelor din cauza posibilității unor distanțe arbitrare între particulele punctuale. Corzile, ca obiecte extinse, oferă un cadru mai bun, care permite calcule finite. În domeniul fizicii teoretice, unde teoriile depășesc adesea granițele înțelegerii umane, examinarea epistemologiei unei teorii devine crucială. Acest articol analizează aspectele epistemologice ale rolului teoriei corzilor în căutarea noastră pentru o teorie unificată a gravitației cuantice, explorând provocările pe care le prezintă și perspectivele pe care le oferă.

	Cuvinte cheie: teoria corzilor, epistemologie, gravitația cuantică, teoria câmpului cuantic, teoria unificată, teoria M, teoria superstringurilor, teoria branelor
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	Introduction

	String theory, a framework that aims to reconcile general relativity and quantum mechanics, holds a unique position in the field of quantum gravity. In quantum field theory, the main obstacle is the occurrence of the untreatable infinities in the interactions of the particles due to the possibility of arbitrary distances between the point particles. Strings, as extended objects, provide a better framework, which allows finite calculations.4 String theory is part of a research program in which point particles in particle physics are replaced by one-dimensional objects called strings. It describes how these strings propagate through space and interact with one another. At larger scales, a string looks like an ordinary particle, with mass, charge and other properties determined by the vibrational state of the string. One of the vibrational states of the strings corresponds to graviton, the hypothetical particle in quantum mechanics for gravitational force.5 String theory is usually manifested at very high energies, such as in black hole physics, early universe cosmology, nuclear physics, and condensed matter physics. String theory tries to unify gravity and particle physics, and its later versions try to modify all the fundamental forces in physics.6

	It should be noted that the string theory was initially developed, in the late 1960s and early 1970s in particle physics - the bosonic string theory, which only dealt with bosons. After a temporary success as a hadron theory, quantum chromodynamics has been recognized as the correct hadron theory. In 1974 Tamiaki Yoneya discovered that the theory provides a massive particle of spin 2, considered to be a graviton. John Schwarz and Joel Scherk reintroduced Kaluza-Klein's theory for additional dimensions, recovered the abandoned bootstrap program, and thus began the string theory research program in quantum gravity. A typical example of reinvigorating a research program in the sense of Lakatos (bootstrap program) and changing the direction of research of another program (string theory) whose heuristics, by adding an additional theory (Kaluza-Klein), has proved to be a lot more useful in a different direction than originally envisaged. Later it was developed in the superstring theory, based on the supersymmetry between bosons and fermions,7 and then appeared other versions of the theory. In the mid-1990s, scientists focused on developing a unifying research program, an eleven-dimensional theory called the M theory.

	Epistemology is the philosophical branch that explores the nature, origin, and limits of human knowledge. In the realm of theoretical physics, where theories often push the boundaries of human understanding, examining the epistemology of a theory becomes crucial. This essay delves into the epistemological aspects of string theory's role in our quest for a unified theory of quantum gravity, exploring the challenges it presents and the insights it offers.

	The Quest for Quantum Gravity

	The fundamental goal in modern theoretical physics is to unify the two seemingly incompatible pillars of 20th-century physics: Einstein's theory of general relativity, which governs gravity on cosmological scales, and quantum mechanics, which describes the behavior of particles on the subatomic level. These two theories have been remarkably successful in their respective domains, yet they clash when applied simultaneously in extreme conditions such as those near the singularity of a black hole or during the early moments of the universe's birth, where both gravity and quantum effects are pronounced.

	The purpose of string theory was to replace elementary particles with one-dimensional strings in order to unify quantum physics and gravity.

	The string theory research program is based on a 1930 assumption that general relativity resembles the theory of a field of spin-two without mass in the Minkowskian flat space.8 The quantification of such a theory has been shown not to be perturbative renormalizable, implying infinities that cannot be eliminated. This early theory was abandoned until the mid-1970s, when it was developed as a one-dimensional string theory.

	Currently, string theory is the dominant research program in the theoretical physics of high energy,9 considered by some scientists as no viable alternative.10 Peter Woit regards this status of theory as unhealthy and detrimental to the future of fundamental physics, its popularity largely due to the financial structure of the academic environment and the fierce competition of limited resources.11 Roger Penrose expresses similar views, saying: "The often frantic competitiveness that this ease of communication engenders leads to bandwagon effects, where researchers fear to be left behind if they do not join in."12

	Insights of String Theory

	String theory is known for its mathematical elegance and coherence. This beauty has led some physicists to argue that its mathematical consistency alone provides a strong epistemological basis for its validity. The history of physics is replete with instances where elegant mathematics has guided the way to groundbreaking discoveries, suggesting that this criterion might be more than mere aesthetics. String theory is currently the most promising framework for unifying the fundamental forces of nature, including gravity, within a single theoretical framework. This pursuit of unification aligns with a long-standing philosophical aspiration in physics—to find the simplest and most comprehensive description of the natural world. String theory has expanded our understanding of various physics concepts, including holography and the nature of black holes. Even if string theory is not the ultimate theory of quantum gravity, these conceptual advancements are valuable contributions to the broader field of theoretical physics.

	The strings do not have quantum numbers, but they differ in their topological form (open or closed, modes of compacting) and their dynamics (modes of oscillation). They can be perceived on a macroscopic scale as point particles with certain quantum numbers. The change of the oscillation mode corresponds to a transformation to another particle. The strings at the fundamental level do not have coupling constants. The interaction between them corresponds to their dynamics.13

	For each version of string theory there is only one type of string, such as a small loop or string segment, which can vibrate in different ways. In the string theory research program, the characteristic string length scale is of the order of Planck length (10-35 meters), over which the effects of quantum gravity are considered significant.14 At ordinary dimensions, such objects cannot be distinguished from zero-dimensional point particles. There are several variants of the superstring theory: type I, type IIA, type IIB and two types of heterotic strings, SO (32) and E8×E8.

	String theory is considered to be a useful tool in investigating the theoretical properties of the thermodynamics of black holes,15 respectively their entropy.16 The theoretical basis for these investigations has taken into account the case of idealized black holes, with the smallest possible mass compatible with a given task.17 This result can be generalized to any theory of gravity,18 being able to extend to non-extreme astrophysical black holes.19

	In the Big Bang theory, part of the predominant cosmological model for the universe, the initial rapid expansion of the universe, is caused by a hypothetical particle called inflaton. The exact properties of this particle are not known. They should be derived from a more fundamental theory, such as string theory.20 The development of this subprogram within the string theory research program is under development.21

	In brane theory, brane D was identified with black hole supergravitation solutions. Leonard Susskind identified the holographic principle of Gerardus' t Hooft with common states of thermal black holes.

	Recently, some experiments in other fields, such as condensed matter physics, have used theoretical results of string theory.22 And the quantum inseparability in superconductors is largely based on the ideas of duality and additional spatial dimensions developed in string theory. With the help of the duality between 4-dimensional gauge theories and 5-dimensional gravity, string theorists have predicted the experimental value of plasma entropy, a result not obtained by any other theoretical model, but these are not absolute experimental validations.2324

	It is hoped that the additional dimensions can be observed with the Hadron Collider (LHC) from CERN, Geneva, but a possible denial would not mean refuting the theory.

	Feynman regards quantum gravity as "just another quantum field theory" such as quantum electrodynamics. The different types of existing particles are different excitations of the same string. Since one of the modes of string oscillation is a spin-2 massless state that identifies with graviton, string theory necessarily includes quantum gravity. String theory modifies the point gravity of particles at short distances by exchange of massive states of strings.25 In string theory, the spacetime dimension is not an intrinsic property of the theory itself, but a property of the particular solution.

	Epistemological Challenges

	String theory posits that the fundamental building blocks of the universe are not point particles but tiny, vibrating strings. These strings exist at scales far beyond our current experimental capabilities, making them unobservable directly. This raises questions about the epistemological status of string theory. Can we truly claim to have knowledge of entities that are, in principle, unobservable? The theory's ability to unify the forces of the Standard Model and incorporate gravity is a compelling argument in favor of its validity, but it also highlights the challenge of reconciling theory with observation.

	String theories require additional dimensions of spacetime for mathematical consistency. In bosonic string theory, spacetime is 26-dimensional, while in superstring theory it is 10-dimensional, and in M-theory it is 11-dimensional. These additional dimensions will not be observed in experiments,26 due to their compaction by which they "close" on themselves forming circles. At the limit, when these extra dimensions tend to zero, they reach the usual spacetime. In order for the theories to properly describe the world, the compacted dimensions must be in the form of the Calabi-Yau manifolds.27

	Another way to reduce the number of dimensions is by using the membrane cosmology scenario (“brane-world”), considering the observable universe as a three-dimensional subspace of a multi-dimensional space. In these models, gravity appears from the closed strungs in a space with several dimensions, thus explaining the lower power of gravity compared to the other fundamental forces.28 In string theory, a brane (the abbreviation for "membrane") generalizes the notion of a point particle to dimensions other than zero. Branes are physical bodies that obey the rules of quantum mechanics.29

	String theory's landscape of possible vacuum states has led to the proposal of the multiverse, where our universe is just one of many. This concept challenges traditional epistemology as it raises questions about the falsifiability of the theory. How can we test or verify a theory that predicts an enormous number of universes, most of which are beyond our reach? This introduces a philosophical debate about whether such theories can be considered scientific in the traditional sense.

	A particularity of the theories in this research program are the "dualities", mathematical transformations that identify the physical theories within this program between them, drawing the conclusion that all these theories are subsumed into one, the M-theory.30 Two theories are dual if they are exactly equivalent in terms of observational consequences, although they are constructed differently and may involve different objects and topological scenarios.31 The different theories within the string theory research program are linked by several relationships, one being the specific correspondence relation called duality S.32 Another relationship, called duality T, considers strings that propagate around an additional circular dimension. In 1997, the anti-de Sitter/conformal field theory correspondence (AdS/CFT) was discovered,33 which links the string theory with a quantum field theory.34 In a more general framework, AdS/CFT correspondence is a duality that correlates string theory with other physical theories better understood theoretically, with implications in the study of black holes and quantum gravity, but also in nuclear physics35 and condensed matter.36

	The dualities in string theory have been linked by philosophers with issues specific to philosophy, such as underdetermination, conventionalism and emergency/reduction. Thus, spacetime has come to be considered by some physicists as an emergent entity, which depends, for example, on the coupling power that governs physical interactions. According to the ADS/CFT duality, a 10-dimensional string theory is observationally equivalent to a 4-dimensional gauge theory - the "gauge/gravity" duality. It follows from these dualities that the theories, being equivalent, are not fundamental, and therefore neither spacetime described is fundamental, but an emergent phenomenon.37 In this program, gauge theory and gravitational theory are classic limits of a more comprehensive, unifying quantum theory. Philosophers question whether two dual theories are physically distinct or only notational variants of the same theory.3839

	In 1995, Edward Witten suggested that the five families of theories in the string theory research program are special limiting cases of an 11-dimensional theory called M-theory.40 In 1997, Tom Banks, Willy Fischler, Stephen Shenker and Leonard Susskind proposed a matrix model for the 11-dimensional M theory, where the reduced energy limit of this model is eleven-dimensional supergravity.41

	While string theory cannot currently provide falsifiable predictions, it has, however, inspired new and imaginative proposals for solving outstanding problems in particle physics and cosmology. Early string theory, when dealing with hadron physics, can explain why fermions come in three hierarchical generations, and mixing rates between generations of quarks.42 In the second period when it approached quantum gravity, the theory addressed the paradox of information about the black hole,43 counting the correct entropy of the black holes and the processes of changing the topology.44 The discovery of AdS/CFT correspondence led to a formulation of string theory based on quantum field theory, better understood, and provided a general framework for solving black hole paradoxes,45 such as in Hawkins radiation of black holes (information paradox).46 Through his research program, he led to many theoretical discoveries in mathematics and gauge theory.

	For many researchers, gauge theory is considered the only way to renormalize relationships, and string theory is the only option to eliminate the infinities of a unifying program of quantum physics and gravity. The string theory was initially experimentally corroborated as a theory of particle physics, but in the current development it is considered to be far from being falsifiable. The continuation of the program is based on the confidence that theory is the best candidate for a total unifying program. Its credibility is enhanced by the interconnections created during its development, as in the case of supersymmetry and cosmology of black holes.

	The absence of experimental confirmation prompts epistemological questions about the status of string theory as a scientific theory. Is it still scientific if it cannot be tested directly through experiments? The criterion of empirical verification has been a cornerstone of scientific epistemology, but string theory's uniqueness challenges this criterion.

	Logical positivists considered that the scientific method means the deduction of nature models from observations. String theory was initially developed based on an observed fact, the Regge slopes, which at present is no longer considered to be explained by this theory. And the theory has so far not been confirmed by any empirical experiment or observation. But it continued to develop, supported by the belief of many physicists that it is much better than quantum field theory for quantum gravity, and in the hope that it will help unify gravity with other fundamental forces. Most supporters seem to be completely indifferent to experiments and observations, being rather concerned with the "elegance" of mathematical formulation of the theory.47 For this reason, a reconciliation between string theory and logical positivists seems impossible.48

	Richard Dawid argues that string theory is based on observations, but its problem would be the huge "theoretical distance" between observable phenomena and scientific concepts. Some researchers argue that the principle of empirical underdetermination of scientific theories does not admit that this "theoretical distance" can be made to allow reliable claims about nature. To this end, Dawid believes that the principle of underdetermination must be replaced by arguments that support string theory. The problem of this theory is, according to Dawid, arbitrariness in choosing its fundamental principles. The theory has a certain set of physical postulates, but there is a continuous erosion of these postulates that follows a uniquely determined linear path. Thus, Dawid asserts that the disagreement between string theorists and phenomenological physicists on string status disappears due to a dramatic change in the characteristics of scientific theory: the old concept of underdetermination of scientific theories in modern particle physics gradually loses ground against the theory of uniqueness. String theory would induce a new understanding of what may be called a scientific statement about nature: the claim of theoretical uniqueness is sufficient for the adoption of a new scientific theory.49

	In 1995, from the unification of string theories was born the most demanding, unifier gravity research program, the 11-dimensional M-theory,50 in order to unify gravity with all other fundamental forces in physics.

	Critics of String Theory

	String theory still does not have a satisfactory definition in all circumstances. The theory uses perturbative techniques,51 but has not yet clarified the aspects of determining the properties of the universe,52 so it has attracted criticism from scientists, questioning the value of research in this direction.53

	Critics of string theory draw attention to the large number of possible solutions described by the string theory. According to Woit,

	"The possible existence of, say, 10500 consistent different vacuum states for superstring theory probably destroys the hope of using the theory to predict anything. If one picks among this large set just those states whose properties agree with present experimental observations, it is likely there still will be such a large number of these that one can get just about whatever value one wants for the results of any new observation."54

	The supporters of the theory argue that this can be an advantage, allowing a natural anthropic explanation of the observed values of the physical constants.55

	Another criticism focuses on the dependence of the background theory, as opposed to general relativity. Lee Smolin argues that this is the main weakness of string theory as a theory of quantum gravity.56

	The solutions of the theory are not unique, and there is no perturbative mechanism to select a particular solution or to choose the true vacuum. Thus, the perturbative formulation of string theory loses its predictive power. Also, there is no perturbative mechanism to select solutions that support low energy spectra that are not supersymmetrical.57

	Paul Verhagen asks how we should evaluate string theory; can a theory that has considerable difficulties with experimental verification to be classified as a science? to answer this question we must analyze the origins of the different concepts used in theory, evaluate the need for a large unified theory, and focus on evaluating its scientific situation. Some argue that string theory has failed, while others point to its theoretical progress. There is a "meta-paradigmatic rift" between experimentalists and theorists in this regard.58

	Chalmers believes that a theory must be falsifiable in Popper's sense59 in order to be scientific: "If a statement is unfalsifiable, then the world can have any properties whatsoever, and can behave in any way whatsoever, without conflicting with the statement."60 In this sense, string theory is considered as non-falsifiable.61 The current technology is not precise enough to develop experiments to verify string theory. But the theory is "potentially" falsifiable; makes some predictions, such as the existence of additional dimensions, but they cannot be verified, at least for now. And not yet all the mathematical consequences of the axioms have been elaborated to detect possible conflicts with the observed reality. But efforts are being made in this direction, both for the experimental and the theoretical part.

	Reiner Hedrich suggests62 that the current failure of string theory could be due to the wrong mathematical device chosen, using the mathematics of the continuum.

	String physicists are accused of ignoring empirical testability and that are replacing this criterion with mathematical arguments. Some of the questions of physicists and philosophers are:

	
		Does a theory need to be testable, or are mental experiments sufficient?

		Does a theory need to make verifiable predictions, or is indirect testability sufficient?

		A theory without predictions, with only probability distributions, is considered testable?

		Should the tests be necessarily empirical, or can mathematical consistency checks be considered tests?

		If contradictory or unacceptable results are obtained from the mental tests by reduction to the absurd, what is the value of these tests?

		When can testability be requested? Is the possibility of future testing valid?

		How important is testability in relation to other epistemic desires? Is a theory easy to test but with a low explanatory value preferred over a non-testable theory but with a higher explanatory power? But if the testable theory is too complicated and the non-testable one is simple and elegant?

		Are predictions of new phenomena more important than pre- or retrodictions of already known phenomena?63



	Conclusion

	The epistemology of string theory in the context of quantum gravity is a complex and ongoing discussion. It challenges traditional notions of empirical verification and falsifiability, as it deals with entities and phenomena that lie beyond our current observational capacities. However, string theory also offers a unique framework for unification and has led to conceptual advancements in our understanding of the universe. As the pursuit of quantum gravity continues, the epistemological questions raised by string theory remain essential in shaping the future of theoretical physics. Whether it ultimately provides the answers to our quest for a unified theory or not, it has already left an indelible mark on the philosophy of science.

	It is possible that when the theory finds its fundamental principle, it may lead to a more appropriate mathematical basis. An independent background formulation and holographic principle could help heuristic in finding this principle. But it is possible that the principle will never be found, possibly due to the wrong basic assumptions.
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	Abstract

	Carlo Collodi, a positive representative of the Italian petty bourgeoisie of the late nineteenth century, presented in the novel the moral virtues of a secularized rural Italy. He inserts moralistic exhortations and reflections in the novel, to give up the waste of time to dedicate to study, hard work and savings. Pinocchio's negative experiences and the good advice of the Fairy guide him in the end on the right path, after he understood the importance of study and work, thus fulfilling his desire to be transformed into a child.
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	Rezumat

	Carlo Collodi, un reprezentant pozitiv al micii burghezii italiene de la sfârșitul secolului al XIX-lea, a prezentat în roman virtuțile morale ale unei Italie rurale secularizate. Inserează în roman îndemnuri și reflecții moraliste, pentru a renunța la pierderea timpului care să fie dedicat studiului, muncii și economiilor. Experiențele negative ale lui Pinocchio și sfaturile bune ale Zânei îl îndrumă până la urmă pe drumul cel bun, după ce a înțeles importanța studiului și a muncii, împlinindu-și astfel dorința de a fi transformat în copil.
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	Carlo Collodi, a positive representative of the Italian petty bourgeoisie of the late nineteenth century, presented in the novel the moral virtues of a secularized rural Italy. He inserts moralistic exhortations and reflections in the novel, to give up the waste of time to dedicate to study, hard work and savings. Pinocchio's negative experiences and the good advice of the Fairy guide him in the end on the right path, after he understood the importance of study and work, thus fulfilling his desire to be transformed into a child.

	Collodi thus sought to educate young children in newly formed Italy with values that would keep the country united, strong, and prosperous. (Ipsen 2006) As Amy Boylan suggests, the book was written " during a time when the task of creating an Italian national identity was being passionately discussed by politicians, writers, and socially engaged citizens ". (Boylan 2006) Thus, Pinocchio was transformed into a symbol of the Italian national character, (Panteli 2016) and the explicit bearer of a moral or even political message.

	Jeffrey Dirk Wilson publishes an excellent essay (Wilson 2016) comparing The Adventures of Pinocchio by Carlo Collodi with Plato's Laws, (Plato 1988) finding that both books address the issues of a moral and political crisis, and that neither crisis can be solved without solving the other, and the solution is education, quoting Aristotle in Politics:

	"No one will doubt that the legislator should direct his attention above all to the education of youth; for the neglect of education does harm to the constitution. The citizen should be moulded to suit the form of government under which he lives. For each government has a peculiar character which originally formed and which continues to preserve it. The character of democracy creates democracy, and the character of oligarchy creates oligarchy; and always the better the character, the better the government.” (Aristotle 2017)

	The puppet is, in this context, a metaphor for human formation and fulfillment as a citizen. Thus, in the Laws, the Athenian foreigner introduces the puppet inviting the interlocutors to analyze it:

	“Let us suppose that each of us living creatures is an ingenious puppet of the gods, whether contrived by way of a toy of theirs or for some serious purpose – for as to that we know nothing; but this we do know, that these inward affections of ours, like sinews or cords, drag us along and, being opposed to each other, pull one against the other to opposite actions; and herein lies the dividing line between goodness and badness.” (Plato 1988)

	The Stranger from Laws states that human beings are God's puppets as a declaration of hope and freedom, rather than despair and resigned determinism, and the laws are the ropes that prevent the puppet from falling.

	The themes of childhood and education are predominant in The Adventures of
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