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Analogy and the Integrity of Science
GLENN STATILE
1. WHAT IS SIMILAR IS NOT THE SAME
While analogies are commonplace in terms of usage they often serve as the intellectual coin of the realm when it comes to tying concepts together in our understanding.  The parable was an analogical and pedagogical device chosen by no less than Jesus of Nazareth as a means for partially conveying the deeper spiritual and moral meanings which underlie and charge with eternal significance what might seem on the surface to be an otherwise lackluster narrative of  everyday life.  Here I can speak only for myself as I am sure that some others would rather replace the adjective ‘lackluster’ with ‘lurid’ in describing their own personal odysseys from cradle to grave.  The word parable, not coincidentally, stems from the Greek word parabolē, which is translated into English as ‘comparison’.   And as we all know, all analogies involve comparison, although the converse is not necessarily the case.  Not all comparisons need be analogical.
Reference to Jesus  invites us, in the interest of fair play, to allocate equal time to someone from the opposing team.  And depending upon one’s own political inclinations, the Italian political philosopher Niccolò Machiavelli might just fit the bill.  In chapter XVIII of The Prince, in the midst of informing his readers as to whether princes should ever keep their word, the diabolical Florentine writes that “Since a prince must know how to use the character of beasts, he should pick for imitation the fox and the lion.”  Such imitation may or may not involve flattery, but it is assuredly analogical.   But regardless of whether one’s meat and potatoes is princely power or eternal life, the analogy has enjoyed a long and illustrious career in illuminating the human mind.  And while analogies may perform their function by trading upon similarities, we must never forsake the fact that what is similar is not the same.  

The word analogy is traceable to another Greek word, namely Αναλογια, which was employed in ancient Greek mathematics to mean a mathematical proportion of some kind.  By means of such proportionality strict quantitative comparisons could be easily made.  This was the basis of the Pythagorean conviction in the kinship of all knowledge.  As Aristotle would later point out in Book 4 of the Metaphysics the analogical sense of a word provides an alternative to the opposing univocal and equivocal poles of definitional signification.  It stands midway between semantic identity and disparity.  In the Posterior Analytics (76a38) Aristotle asserted that analogy even had a role to play in the unification of our knowledge in that he thought that the basic principles of the demonstrative sciences are all analogous.   For Aristotle the unity of the science of metaphysics was itself to be found in the doctrine of analogy.
A tentative but decent working definition of analogy is that an analogy consists of one or more concepts, structures or representations that are intended in some way to simultaneously mirror and communicate the meaning of counterpart concepts, structures or representations.  Such a definition however consigns a perhaps unwarranted privilege of place to analogies that are predominantly visual, while neglecting the other senses.  In his celebrated essay “Of the Standard of Taste” (1753) David Hume, for example, provided an analogical extension of the gustatory sense in areas as seemingly foreign to it as poetry, art, and styles of living.  And in his bestselling work entitled Gödel, Escher, Bach (1979), which dealt with the growing pains of the still nascent science of artificial intelligence, Douglas Hofstadter developed a book long three way structural analogy between mathematical logic, geometrical representation, and musical composition.
As a species of induction, the strength of analogical reasoning depends upon such factors as the relevance and number of similarities between those things being compared, as well as the specificity of any conclusion that we might seek to infer.  A swinging pendulum, for instance, provides a good analogy to that of an oscillating electric current, as both satisfy the formal relations of a wave equation; whereas an analogy which purports to depict the vice president of the United States as the spare tire of American government is not about to take home any blue ribbons.  Given all the kinds of intellectual work that analogy does for us, the later Wittgenstein would never deign to define it, but would proceed to describe the multiplicity of language games in which analogy makes its often playful presence felt.  In point of fact Wittgenstein’s conception of a ‘family resemblance’ was not entirely new as it too bears resemblance to Aristotle’s earlier notion of ‘pros hen equivocation’.   Mary Hesse, a recent philosopher who has done important work in the area of analogy, reminds us that analogies are neither identical nor equivalent to their analogues.
  For to be so would result in  a terminal case of Leibnizian indiscernibility.
My main aim in this essay is to cast what I have called the justificatory function of analogy in the best possible light.  But before doing so I first want to briefly consider a small cross section of the many aspects and functions which have been granted to the analogical bag of tricks, so as to serve as a useful preliminary  for anyone who would perhaps be interested in ever taking up the complex task of trying to classify the seemingly unlimited assortment of analogies that populate the intellectual terrain staked out by human thinking.  Given that all analogies always possess some degree of dissimilarity to that with which they are compared it is little wonder that logic distinguishes between the strong and the weak varieties.  Concerning the latter, even though analogies can therefore sometimes be unhelpful and misleading, steering us away from what is true and real, I nevertheless still tend to agree with the nineteenth century English novelist Samuel Butler who most pragmatically pointed out that “Though analogy is often misleading, it is the least misleading thing we have.”
2.  THE MANY FACES OF ANALOGY
The history of thought presents us with a variety of analogical experience.  At the dawn of modern science Galileo employed analogies liberally as a constitutive part of the scientific enterprise.  Lorraine Daston has identified three distinct types of Galilean analogy: 1) expository; 2) explanatory; 3) mathematical.
    Given that Galileo believed that the book of the world is written in the analogous language of mathematics, we are easily led to understand how crucial a role analogy played in his thinking about the fabric of the universe and its laws.  Francis Bacon on the other hand, another titan in the history of the early modern period, advocated an approach to the use of analogy in science that would limit the imagination dominated excesses so familiar to the religious, magical and hermetic traditions.  Between them, Galileo and Bacon frame both analogical extremes.  Mary Hesse in more recent times follows suit in her inventory of analogies as either positive, negative, or neutral; whereas for Nancy Cartwright, another contemporary, scientific models and analogies are nothing more than mere fictions.  Analogies hence can be thought of as either helpful or hurtful to science.
While any attempt here at a complete inventory or taxonomy of analogy would take us too far afield, it is relatively easy to stake out or sketch its overall scope.  Analogy originates as a problem of meaning or signification, which in the hands of Aristotle one might recall brought with it an entire arsenal and array of metaphysical considerations.  Analogies can be employed  as tools of reasoning.  We call such reasoning, as one might expect, analogical reasoning, which in turn is one of the branches of inductive reasoning, which comes equipped with its own logical and psychological baggage as every post-Humean person with at least three credits of philosophy ought to know.   Analogies can be used to perform a myriad of functions within a multiplicity of different applications, activities, and disciplines.  These functions often overlap and are flexible to the point of being used profitably for different types of applications.  Some analogies are material whereas others are purely formal.  Theoretical models in science often offer analogies which exploit what is known in one domain in order to help explain what might be unclear in another.  Analogies, in the guise of legal precedent, for example, are an everyday commodity in courts of law which continue to guide legal judgments to this day.  Johannes Kepler reasoned both analogically and predictively  when extending his conclusion as to the elliptical orbit of Mars to the other known planets.  In light of the work of Carl Hempel we are reminded that what is predictive is quite often also explanatory.   And Leibniz, in his tête-à-tête with Newton through the intermediary channel of Samuel Clarke, sought to increase the explanatory efficacy of his relational conception of space when he described how a legal contract continues to exist only as long as the contractual parties continue to be so related.  Contemporary computer studies of analogies reveal that there are many more semantic connections between words than at first meets the eye.  Hence the difficulty in the construction of a good analogy is not any problem having to do with semantic association.   Word associations are overdetermined almost to the point of semantic infinity.  The still unraveled twin Gordian knots of analogical construction by means of artificial intelligence remain that of analogical representation and the determination of analogical relevance.
Analogy furnishes an important link in the theological chain that attempts to affirm the principle of imago dei despite the metaphysical fact that the being of God and that of human kind are indeed incommensurable.  Analogy thus has been employed to compare varying relations of being.  While we are akin to deity, as Shakespeare tells us in Hamlet (2,2), in that we can simultaneously act like an angel and apprehend like a god, Alexander Pope ruefully reminds us in his Essay on Man that, while we are its glory, we are likewise the jest and riddle of the world.  Thomas Aquinas and Francisco Suarez employed  the concept of analogy in different ways in order to explain just how human being is both similar and dissimilar to God almighty.  The proportional mode of analogy favored by Aquinas compares the qualities of God and humans to their respective natures in the form of an equivalent ratio in which: God’s qualities / God’s nature   =   Human qualities / Human nature.
  Suarez on the other hand adopts an attributive approach to analogy in which, for example, a property such as wisdom or goodness is attributed to God in a primary way but is predicated of humans to a lesser degree.   

Although the possibility of a logic of discovery has been strenuously rejected in the philosophy of science, it is nevertheless true that a great deal of exciting research is currently being conducted within cognitive science in order to identify the source as well as the modus operandi of human creativity.   Analogy has often functioned as a catalyst of scientific discovery and problem solving.   One of my favorite examples of analogy as a tool of discovery or problem solving is that of the Feynman diagram, which is a graphical representation of a perturbation theory calculation involving the scattering and propagation of interacting particles.  These diagrams were first put to the test in the service of science by Richard Feynman in order to help him visualize the complex interactions occurring between two electrons undergoing the exchange of a photon, the boson which conveys the electromagnetic force.  These diagrams were crucial in helping Feynman to formulate QED, for which he shared the Nobel Prize in physics in 1965.  Since then they have been used to facilitate solutions to much more complex quantum problems.   Everyone is familiar with the proverb that a picture is worth a thousand words.  Feynman diagrams continue to provide a visual analogy of the scientific problem space which honors the traditional wisdom a thousand fold by reducing the computational complexity of many previously intractable scientific problems.  Instead of the cumbersome power series expansions whose convergence is at best asymptotic, Feynman found it much more convenient to express each term in a quantum problem as a finite sum of normal ordered products in which the matrix element pertaining to certain initial and final states is an integral that can be expressed in graphical form.  Thus his diagrams presented Feynman with an analogy for both the physical processes as well as the mathematical equations needed to describe them.  They were and remain a true pictorial shorthand which helps to circumvent an otherwise monumental mathematical task.  
With the justificatory function of analogy it is held that scientific theories or hypotheses are wrong if they cannot  in some way be likened to, or justified by, a scientific model or analogy.  This strong view, in which analogies appear as virtually necessary conditions for the justification of a diagnosis of theoretical health, was first articulated by Descartes in a letter to Morin dated September 12, 1638.  Four centuries later the physicist N.R. Campbell espoused a virtually identical view of analogy in his book entitled Physics: The Elements.  And despite a more heightened sensitivity than Campbell of the dangers to mislead us posed by analogy, Ernest Nagel in The Structure of Science (1979) writes the following.  “Were a theory stated as a set of uninterpreted postulates, exhibiting not even a formal analogy to some already familiar system of abstract relations, the formulation would provide no clues as to how the theory could be applied to concrete physical problems.”

Percy Bridgman  once identified the resistance of physicists to quantum theory as due to a sense of loss which stemmed from a view of the world which could no longer be grasped in terms of any analogy or model..
  Despite the so-called victory of Bohr and Bell over the realist forces of Einstein and Bohm, the death knell of analogy in physics should not be sounded too prematurely.  As with the death of Mark Twain,  the reports of the demise of analogy in quantum physics has been greatly exaggerated.  Feynman diagrams represent just one of many counterexamples to such a claim.  The wave equation of Schrödinger, which is modeled on the Hamiltonian form of the equations of motion in classical mechanics, also puts the lie to the lament of Bridgman.  A strong analogy exists, for example, between the equations and conceptual frameworks of electric circuit and acoustical theory.  The inductance of an electric current, which provides a measure of the tendency of a circuit to resist changes in the current, is analogous to the inertance of an acoustical system, which keeps track of its corresponding tendency to resist changes in air velocity.   While Descartes’ conviction concerning the confirmational or justificatory credentials of analogies as necessary conditions for the truth of scientific hypotheses may seem at first blush to be a bit naïve; nevertheless, the use of analogy continues to remain healthy in scientific practice as a prod to promote the underlying symmetries of science.  As with the famous quote by Etienne Gilson in regard to the death of metaphysics in our era of positivistic prejudice and nominalistic fervor, I think it is safe to say that analogy will one day return the favor and rise up to bury its undertakers.
3.  LAYING DOWN THE LAW TO SCIENCE: ANALOGY AS NECESSARY CONDITION 

Let us now set our sights upon two concrete examples of what I have christened as the justificatory sense of analogy:  1)  the Cartesian case; and 2)  Campbell’s case.  Afterwards you can decide for yourselves whether you agree wholeheartedly with John Searle that analogies prove absolutely nothing, or with me that they have proven themselves to be of scientific significance and therefore contribute to the overall integrity of science .  For while Searle is of course correct concerning the letter of analogical inference, he never was one, at least in his published philosophical work, to genuinely concern himself with the spirit of anything.  After all, as we all know, science itself, correctly understood, is not engaged in the business of proof.

3.1  THE CARTESIAN CASE

In  the aforementioned letter to Morin we read the following:

True, the analogies that are usually employed in the Schools explain intellectual matters by means of physical ones, substances by means of accidents, or at any rate one quality by means of a quality of a different kind, and they are not very instructive.  But in the analogies which I employ, I compare movements only with other movements, or shapes with other shapes; that is, I compare things that are too small to be perceived by the senses with other things that can be so perceived, the latter differing from the former simply as a large circle differs from a small one.  I maintain, therefore, that analogies of this sort are the most appropriate means available to the human mind for laying bare the truth in problems of physics.  I would go so far as to say that, when someone makes an assertion concerning nature which cannot be explained by any such analogy, I think that I have demonstrative knowledge that the point is false.


In this passage, in the very last sentence, Descartes invokes the justificatory sense in which analogy serves as a hard and fast or necessary condition for the potential viability of a scientific hypothesis.  Additionally, in the penultimate sentence he further  declares that analogies of a certain kind constitute the methodologically optimal tools for “laying bare the truth in problems of physics.”  Thus Cartesian style scientific analogies are understood by their creator as satisfactorily straddling both the Reichenbachian contexts of justification and discovery.  Yet I would be willing to wager that most everyone upon first reading Descartes’ justificatory boast in regard to the efficacy of analogy in science will think it to be either beneath contempt or the joke of some pre-scientific charlatan.

What can Descartes, whether rightly or wrongly, possibly mean by his assignment of such a strong justificatory sense to analogy?  For one thing Descartes’ justificatory sense of analogy was intimately connected with his commitment to mechanism.  Cartesian mechanism, it will be recalled, was a corpuscular theory consisting of differently shaped micro-particles in motion which were amenable to rigorous algebraic and geometrical description.  It thus in principle enabled a mathematically continuous translation between the macrocosm of our everyday experience and the microcosmic world which escapes direct detection by the senses.  Such continuity was a preoccupation of Descartes’ in the Geometry, for example, in which the connections between algebra and geometry were meant to  mirror the continuous relationship between intellection and the world.  His need for a distinction between mechanical and geometrical curves as ways of mathematically depicting physical relations was indicative of Descartes’ unsuccessful attempt to provide himself with a formal methodology for demonstrating the complete continuity of the physical world, with the former requiring the problem solver to wield the proportional compass discontinuously, in a discrete sequence of constructive steps, while with the latter construction proceeds in a continuous fashion.  Descartes’ failure was of course in part due to the deficiencies of his mathematical machinery, which still fell far short of the yet to be discovered resources of the differential and integral calculus.
Since physical substance was thought by Descartes to be thoroughly mechanical in nature, and given his insistence, as he indicates in the above passage, of employing analogies of a relevant kind – unlike those of the scholastics; it therefore follows, according to Descartes, that a scientific hypothesis which has a foothold on truth ought to be comparable to some mechanical construct which can be conjured up by the imagination.  Descartes’ seemingly naïve justificatory boast in regard to analogy was thus intimately connected to: a) his commitment to mechanism; b)  his commitment to the mechanically reductive relationship that he thought obtained between the microcosm and the macrocosm; c)  his commitment to the mathematically measurable and describable continuity that in the material world allows for the neo-Pythagorean belief that mathematically interpreted scientific concepts differ in degree and not in kind;  d) his commitment to scientific realism in that macrocosmic perceptions are ontologically rooted in a real realm which lies beyond our technologically unaided powers of perception; e) his commitment to a type of functionalism by virtue of which physical operations are to be best understood on the basis of their comparison to a specific system or network of causes and effects that are modeled by analogy; f) his commitment to the unity of knowledge or scientia as indicated by the very first Rule of the Regulae.  Although not the same thing by any means Descartes’ justificatory sense of analogy is quite reminiscent, at least to me, of the describability requirements set forth by both Plato in the Laches (190c): “If we know something we can say what it is,”  and Wittgenstein in the Tractatus (3.251):  “What a proposition expresses it expresses in a determinate manner, which can be set out clearly.”   While with hindsight it is easy to criticize Descartes; nevertheless, his unequivocal dedication to the need for analogy to justify scientific hypotheses was part and parcel of what Desmond Clarke once characterized as Descartes’ philosophy of science. 
3.2 CAMPBELL’S CASE
N. R. Campbell is Descartes’ closest kin in recent physical speculation concerning the justificatory connection between analogy and physical theory.  As in the case of Descartes, Campbell’s commitment to the justificatory sense of analogy is no idle boast, but is intimately in alliance with his overall scientific sensibility.    In his book entitled Physics: the Elements Campbell spells out his support of the justificatory sense of analogy in the following way.
We see then that the class of physical theories of which the theory of gases is a type has two characteristics.  First they are of the form…consisting of an hypothesis and a dictionary;  if they are to be true, they must be such that laws which are actually found to be true by observation can be deduced from the hypothesis by means of logical reasoning combined with translation through the dictionary.  But in order that a theory may be valuable it must have a second characteristic; it must display an analogy.  The propositions of the hypothesis must be analogous to some known laws….
But in the view which is urged here analogies are not “aids” to the establishment of theories; they are an utterly essential part of theories, without which theories would be completely valueless and unworthy of the name.  It is often suggested that the analogy leads to the formulation of the theory, but that once the theory is formulated the analogy has served its purpose and may be removed and forgotten.  Such a suggestion is absolutely false and perniciously misleading.
  
Historically speaking, a lot of water has passed under the bridge between the times of Descartes and Campbell.  While they both espoused a justificatory view of analogy it should come as little surprise that their views about science as well as about analogy are not entirely congruent.  Descartes, for example, betrays a sense of analogy bordering on deduction with his example of the relation between similar but analogous circles in the Cartesian passage above.  Readers of the Regulae may also recall that Descartes attempted to fit what he called enumerative induction (Rule 7) into his otherwise wholly deductive pre-cogito attempt to construct a mathesis universalis.  With Campbell, unlike Descartes, analogy is not only necessary as an arbiter to help us legislate between viable and vacuous scientific theories, it also acts as a constitutive part of every scientific theory.

Campbell’s underlying motivation was to both undermine the self-sufficiency of the hypothetico-deductive formulation of scientific theories as well as to show up the deficiencies of that Machian-style empiricism which wanted to banish analogy from any positivist arsenal of weapons.  Campbell thereby argued that scientific theories, whose syntactic cores consist of an apparatus comprised of the (hypothesis, axioms, theorems, known scientific laws, and a dictionary for translating or reducing non-logical terms into their experimental counterparts), require semantic augmentation to be provided in the form of analogical interpretation.  Without such analogical input, which is altogether independent of the dictionary function, theories such as the kinetic theory of gases would, according to Campbell, suffer from both explanatory and predictive shortcomings.  In the kinetic theory of gases, for example, the conception of point particles which move at random in a gas-filled vessel is used to interpret a non-directly observable theoretical concept like the molecule.  Campbell thus claimed that without analogy there are no rational, non-arbitrary grounds, for using theories as bases for predictions.  
Such a Neo-Cartesian view of the role of analogy within science is, despite being well thought out, fraught with inescapable problems.  For example, certain features of an otherwise helpful analogy might actually be at odds with the goal of shedding light upon an explanandum.  For example, early modern scientific analogies which likened the molecular activity of gases to collisions between billiard balls were never intended to ascribe attributes like size and color to gas particles.  Many a theoretical conception whose explanatory basis was tied to analogy, such as the original 1913 Bohr model of the atom, or the attribution of fluidity to thermodynamic processes, actually created a misimpression about the nature of physical reality.  We would however be guilty of committing a genetic fallacy if we allowed ourselves to discard future analogical possibilities on the basis of past analogical misconceptions, but the practical potential for error is nonetheless real and serious in terms of interfering with the pace of scientific progress.  In modern quantum theory it is often argued that no legitimate analogies or models are even possible.  It is thought by many to be the case that non-analogical criteria, such as the employment of principles of symmetry, can fill the explanatory and predictive gaps that Campbell wanted to close by means of analogy.  The displacement current term in Maxwell’s equations, for example, was introduced on the basis of such symmetry considerations, although I myself have never been all that convinced that symmetry and analogy are categorically unrelated to each other.  And concerning the future, Campbell’s view of analogy seems to ignore the well recognized possibility that technological advances can bring  previously unobservable entities into the range of direct experimental detection.
3.3 CONCLUDING REMARKS
If time permitted I might go on to describe and explain other applications or invocations of the justificatory sense of analogy in recent science.  For example Mary Hesse employs the justificatory sense of analogy, not to determine whether a scientific hypothesis is theoretically viable, but to establish whether it merits the accolade of even being called scientific at all.    Following in the footsteps of Karl Popper’s falsifiability criterion -- whereby only a theory which can in principle fail to satisfy some worthy experimental test can be legitimately labeled as being scientific, Hesse argued that a theory, to qualify as strongly as opposed to weakly falsifiable, had to be able to be put into a formal correspondence with some appropriate model.  Hesse thus employs the justificatory sense of analogy, not to uphold the integrity of science but to define it.

My final example of analogy used in the justificational sense brings us back to the silly little diagrams of Richard Feynman.  Freeman Dyson has proven that the unwanted infinities which arise in QED can always be eliminated by renormalization, which might be described as a kind of after the fact rescue operation that is comprised of a hodgepodge of computationally messy approximation and cancellation techniques.  If a prospective theory in particle physics is known beforehand not to be renormalizable it will often be summarily rejected.  In order to determine if a candidate theory can indeed be renormalized physicists will often try to construct the Feynman diagrams which model the relevant interactions.  Failure to successfully complete this task render the theory as suspect.  Thus Feynman diagrams function in practice as a barometer of theoretical health in a manner that is highly reminiscent of the justificatory analogical commitments of both René Descartes and N. R. Campbell, both of whom held that analogies are a prerequisite for any possibly viable theory of nature.  The hermit of Walden Pond, Henry David Thoreau, once wrote that “All perception of truth is the detection of an analogy.”  While I don’t know if I personally would go that far I think that I have shown quite clearly that there have been some quite eminent thinkers who were willing to go all the way.
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