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Abstract

What is Scientific Progress?
by
Moti Mizrahi

Advisor: Professor Catherine Wilson

Better to discover how science is in fact developed and learned than to fabricate a
fictitious structure to a similar effect

-W. V. O. Quine

As Philip Kitcher observes, it seems that almost everybody agreesidmaesc
constitutes the richest and most extensive body of human knowledge. Among
philosophers of science, however, there is curiously very little explicit discusf
scientific knowledge. As a result, the question “What is scientific pre@tedmost
never gets an answer in terms of the accumulation of scientific knowledgeheugh
this answer seems to be the most natural one. Indeed, this is how scientis&dvitem
from Early Modern natural philosophers to contemporary practitioners—conceive of
scientific progress. For scientists, scientific progress occurs Wkenis an
accumulation of scientific knowledge. A scientific episode is progresdiea oy the
end of such a period of scientific change, we know more than we did at the beginning.

| show that this is how scientists conceive of progress by examining some major

episodes from the history of the life sciences, such as Harvey’s discovbey of t



circulation of the blood, as well as some key episodes from the history of the Nabkel Pri
especially in physiology or medicine. The Nobel Prize is a setting in wbiehtists

reward their peers for what they take to be important contributions to scientific
knowledge. Examining this scientific practice of assessing progressgéhat scientists
make judgments about progressive discoveries based on epistemic criteriaadtige pr
also reveals that, for scientists, scientific knowledge is not merely tioad@iferential)
knowledge. They also consider progressive the accumulation of empiri¢ab(fac
practical, and methodological knowledge.

Given that scientists take progress to consist in the accumulation of scientific
knowledge, | argue that naturalists should articulate an account of progredsethat
justice to this scientific practice. Taking a naturalistic stance oguéstion of scientific
progress, we want an account of progress that meshes with the history of scienee and th
actual practices of scientists. | propose the epistemic account of sciprddress as
such an account. The epistemic account simply says that scientific progmnesss in
the accumulation of scientific knowledge.

Why is it that philosophers of science have largely ignored the epistetoigrac
of progress? | think this has to do with skeptical arguments, particularlysagai
theoretical knowledge, advanced by the likes of Thomas Kuhn and Larry Laudan. | argue
that these arguments do not provide compelling reasons for skepticism and pessimis
about the accumulation of scientific knowledge. In order to address these skeptica
arguments, | propose to (a) focus on individual claims to knowledge, rather than whole
theories, as the units of progress, and (b) give up the distinction between ‘knowing that

and ‘knowing how'. If we take practical and methodological knowledge to be types of



Vi

scientific knowledge, as scientists do, then there are good reasons to betioptether

than pessimistic, about the growth of scientific knowledge.
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Chapter 1
Introduction

1.a. The Problem

What is scientific progress? The idea that science is making progratseis
familiar. For example, here is how an article in the science sectibimedNew York
Timesdescribes the work of astronomers and astrophysicists on dark energy:

Astronomers have developed a smorgasbord of other ways of tracking the effec
of dark energy. They have learned how to map the growth of clusters of galaxies,
by analyzing how their gravity distorts the light from galaxies farrmbthem.

[...] Last year a committee from the National Academy of Sciencesmeended

that a dark energy observatory be the next mission in an astrophysics program
called Beyond Einstein. [...] Also in the works [...] is a European mission known
as Euclid, which could fly in 2017, if it is approved by the European Space
Agency. NASA and the Department of Energy, working together, expect to make
a final selection for the dark energy mission—known colloquially as J-dem for
Joint Dark Energy Mission—next spring and launch it in the middle of the next
decadeThat sounds like progress(Overbye, 2008, my emphasis).

This passage seems to be an illustration of the pre-theoretical and commohigksgsica
that science is making progress. But this idea is not limited to popular saehceparts
about science in the media. Scientists themselves talk about progressimléthe t
Consider the following examples:

It is not in the nature of things for any one man to make a sudden violent
discovery;science goes step by stapd every man depends on the work of his
predecessors. When you hear of a sudden unexpected discovery—a bolt from the
blue, as it were—you can always be sure that it has grown up by the influence of
one man on another, and it is this mutual influence which makes the enormous
possibility of scientific advance. Scientists are not dependent on the ideas of a
single man, but on the combined wisdom of thousands of men, all thinking of the
same problem, and each doing his littletbiadd to the great structure of

knowledge which is gradually being erec{®utherford, 1947, p. 178, my
emphasis).

Theincrease of scientific knowleddjes not only in the occasional milestones of
science, but in the efforts of the very large body of men who with love and
devotion observe and study nature. No single achievement in science is possible



without the painstaking work of the many hundreds who have built the foundation
on which all new work is based (Kusch, 1955, my emphasis).

The aim of the scientist is, or should be, to extend the limits of human knawledge
However, the roads open to him are many and he can render service in his chosen
field in various ways. By developing fertile theories or hypotheses he may bla

new trails for human thought; by discovering unknown facts he may enrich our
knowledge, and by inventing new technical devices and new methods he may
forge new weapons for the arsenal of science. This last way is not the least
important (Soderbaum, 1912, my emphasis).

The questions of the investigator to Nature and the yearning which fires hes desi
are directed in the first instancette@ gaining of new and deeper knowledge

(Mérner, 1904, my emphasid).

Scientific knowledge is cumulatjweach individual builds on the
accomplishments of others (Nathans, 1978, my empHasis).

[Science] ighe accumulation of humanity’s organized, objective knowldtige

first medium devised to unite people everywhere in common understanding

(Wilson, E. O., 1999, p. 269, my emphasis).
The way in which scientists talk about progress and the aims of sciencehaises t
following questions: How do they use the term ‘progress’? What do they mean when they
say that progress has been made? What are their criteria foiragpesgress? What do
they take the aims of science to be?

According to Hasok Chang (2007), “Scientific progress remains one of the most
significant issues in the philosophy of science today” (p. 1). This is partéybed
seems rather odd to deny that science is making progress, and yet itudt doffic
articulate in what sense exactly science is making progress. Even skketicary

Laudan and Bas C. van Fraassen claim that they would like to “speak with the vulgar.”

By using Berkeley’'s phrase, | suppose they mean that they do not deny the prigctiieore

! Available at <http:/nobelprize.org/nobel_prizés/gics/laureates/1955/kusch-speech.html>.

2 Available at <http://nobelprize.org/nobel_prizé@mistry/laureates/1912/press.html>.

3 Available at <http://nobelprize.org/nobel_prizestiitine/laureates/1904/press.html>.

* Available at <http://nobelprize.org/nobel_prizestiitine/laureates/1978/nathans-speech.html>.



idea that science is making progress. Nevertheless, they argue fottigkesnaounts of
progress, accounts that do not appeal to truth. For example, Laudan arguesritifat scie
progress should be construed in functional terms (problem-solving) rather than semanti
terms (truth, truthlikeness, verisimilitude). As for van Fraassen, although hethas
developed an explicit account of scientific progress in terms of constructpiga@sm,

he argues that the business of science is “empirically adequate” shemti¢rue or
truthlike theories. A theory is empirically adequate when what it dayst ahe
“observable” is true. Such theories merit the attitude of “acceptance” radmebelief.

For van Fraassen (1980), “Science aims to give us theories which are dimpirica
adequate; and acceptance of a theory involves as belief only that it is atypiric
adequate” (p. 19.

The problem of scientific progress, then, is to specify what constitutesifscien
progress. More explicitly, since to say that a move from pototpointB constitutes
progress is to say that poifats an improvement upon poiAtin some way, the way in
which pointB is better than poirh must be spelled out. In other words, what are the
criteria by which one determines whether or not the move AdoB constitutes
progress? Here is how Peter Godfrey-Smith (2007) puts it:

Progress requires that there is s@pistemically relevant quantity accumulated

as the process continues, or perhaps an increasingly close approach t¢.a]goal

We need to be going somewhere worth going or collecting something worth

collecting(p. 14, my emphasis).

To specify criteria for progress, then, is to specify the values, aims, algitigat can

serve as the constitutive criteria for progress in science, or thereally worthy

guantity that is being accumulated.

® According to Muller (2008), “The epistemic aimsifience is empirical truth, i.e., the constructién
(logically and) empirically adequate theories” 1d9). | will revisit constructive empiricism in Cpigr 5.



1.b. Methodology
In “The Concept of Observation in Science and Philosophy” (1982), Dudley
Shapere shows how the term ‘observation’ is used by philosophers and scierdiisrin r
different senses. He describes how astrophysicists use the phrase ‘deechtiins
when they talk about the core region of the sun. To philosophers, this use of the phrase
‘direct observation’ may seem either naive or misleading. But Shapeke that it
might be illuminating to analyze the astrophysicists’ use of the term. &8 (1982)
writes:
At the very least, it would be worthwhile to try to determine what does lie behind
the astrophysicist’s way of putting his point about neutrinos, especially since
philosophers of science have made such a point in recent years about the necessity
of understanding the way science actually procged490, my emphasis).
In this dissertation, | wish to examine the concept of scientific prograss silmilar,
naturalistic lines. Let me say a bit more about what | mean by ‘namidiere. Taking a
naturalistic stance means articulating philosophical accounts about stiahaeet
historically informed. This idea is expressed by Imre Lakatos’ (1970plpcase of a
Kantian thesis: “Philosophy of science without history of science is emptgryhef
science without philosophy of science is blind” (p. 91). More than simply being
historically informed, however, naturalistic accounts of science mustlalgistice to the
history of science and mesh with the actual practices of scientists. AendExBird
(2008) puts it:
even if one thinks of history of science as descriptive and philosophy of science as

normative, the former can be relevant to the latter in that, given certain
assumptions about science in fact satisfying the norms (e.g., scierrgelg la

® According to Shapere (1982), “the question shieldnotwhetherscience is objective and rational, but
rather in what, precisely, its objectivity and osidlity consist. It is at the resolution of thessues, and
therefore at an understanding of the nature o$tientific enterprise and its achievements, thaipttesent
analysis is ultimately directed” (p. 490).



rational),it had better be that the historian’s description meshes with the
philosopher’s prescriptioiip. 73, my emphasis).

What this means, at a minimum, is that if we want to answer questions, such ass'What i
science?” or “What is scientific progress?”, then we have to look at the histeciente
and the actual practices of scientists.
These remarks point to the methodological aspect of naturalism that | am going to
adopt in this dissertation. | find Leplin to be illuminating in this regard. According
Leplin (1997):
increasingly in epistemology, and especially in the philosophy of sciencagtheor
have been redirected toward methods of inquiry that can be empirically assessed
for their utility in advancing cognitive goals without prejudice as to whekteyr
are believed by practitioners to advance these goals, or whether they farpopul
preconceptions as to what knowledge is or how it is acquired. This development
abandons philosophy’s traditional claim to a priori status in favor of an essential
continuity of philosophy with empirical science (p. 99).
By taking a naturalistic stance, then, we abandon first philosophy; philodwmhy t
becomes continuous with science. In that respect, another notable natukéitsizis!
Devitt who acknowledges a debt to W. V. O. Quine’s (1969) program of naturalized
epistemology. According to Devitt (1996), the quest for certainty, solid foundations, and
ultimate justification should be abandoned (p. 76).
As far as the methodology of this dissertation is concerned, taking a naturalisti
stance means that an account of scientific progress is itself a stieppibthesis. As
Leplin (1997) puts it:
The view that philosophical theories of science are to be judged against scientific
practice, much as science is judged against natural phenomena, is a form of
naturalism in epistemology. [...] The idea is that epistemological theatieslly
are scientific theories, albeit of a highly abstract and general kistias
scientific theories are responsible to the workings of the natural world, a theory

about the assessment of scientific theories is a theory about evaluative practice in
science, and is responsible to this practidecording to naturalism, there is



nothing else for it to be about, for there is no source of facts about how theories
ought to be evaluated apart from scientific experience (p. 102, my emphasis).

Similarly, a theory about the assessment of scientific progress isrg #imut evaluative
practice in science, and should be judged relative to this practice.

Accordingly, I am interested in finding out the sense in which scientistbese t
term ‘progress’ and how they apply the concept in their assessments adfiscient
progress. To this end, | will examine the terms in which scientists desonipegsive
episodes in science. Since the notion of progress is goal-relative insofaisgsrogeess
can be measured relative to the attainment (or facilitating tharattat) of one’s aims
and goals, | would have to examine what scientists take the aims of soidrecartd how
they evaluate the attainment of their gdal@ make this investigation more manageable,
however, | will focus on the life sciences. | will discuss a few major epsoidecientific
change in the history of the biosciences, and then | will examine the judgmeigtbyna
scientists themselves as to the progressive nature of these episodbdol f@cus on the
life sciences, rather than the physical sciences, because | think thaavledyeen largely
neglected by philosophers of sciefidehilosophers have been drawing their examples
and case histories from physics for the most part. So it might be worthwlolektat
other scientific disciplines as well. Perhaps it would give us a more compidte, a

perhaps accurate, picture of science.

" Perhaps this project may be better conceivedpasjact in “experimental philosophy” (x-phi). Althgh

| have not designed and carried out any experiméats mostly drawing on what scientists actuadly s
about the aims of science and scientific prognesslch the same way that experimental philosophers
draw on what lay folk say about certain philosophguestions and thought-experiments (e.qg., thieyro
problem). Nevertheless, | do try to subject whargists say about progress to critical scruting amsee
whether what they say can be maintained as a plaugew about scientific progress. Karola Stotd ha
organized a symposium on the connections betwgan and philosophy of science. Some of the papers
presented at this symposium were published rece®dy Stotz (2009).

® Of course, | am not talking about philosopherbiofogy, who are grappling with conceptual issues
within biology, such as what is a species.



After | figure out how scientists conceive of scientific progress and thibgttake
the aims of science to be, | will examine three types of philosophical asdbant
purport to be accounts of scientific progress. | will argue that only one of them is
successful, when judged against actual scientific practices, but it hasnebdeal in
light of the historical investigation. | will try to revise this account of pgeg in such a
way that it will do justice to the way scientists conceive of progresskihdeof progress
| am interested in is what philosophers of science usually call “cognitivegsg
Philosophers of science commonly distinguish between practical and cogryess.
According to Philip Kitcher (1993), for example, practical progress has totdahe
idea that
science ought to contribute to ‘the relief of man’s estate,’ it should enatide us
control nature—or perhaps, where we cannot control, to predict, and so adjust our
behavior to an uncooperative world—it should supply the means for improving
the quality and duration of human lives, and so forth (p. 92).
According to Kitcher, practical progress has to do with pragmatic goatsasuc
manipulation and intervention for the benefit of mankind, whereas cognitive progsess ha
to do with epistemic goals, primarily with truth. As Kitcher (1993) writes:
The most obvious pure epistemic goal is truth. Indeed, talk of truth—or
approximation to truth—has dominated philosophical discussions of scientific
progress (pp. 93-94).
Kitcher goes on to distinguish between conceptual and explanatory progress aed to gi
his account of progress in terms of significant truth. | will discuss Kitslatount of

progress in Chapter 3. For now, the important point is that the sort of progress | am

concerned with in this dissertation is what Kitcher calls “cognitive pssgre



Chapter 2
The Concept of Progress in Science

In Chapter 1, | said that taking a naturalistic stance with respect to theoquasti
scientific progress means articulating an account of progress that wesidwith the
history of science and do justice to actual scientific practices. Theas&xthen, is to
look at the history of science and scientific practices. In what follows| tisduss a few
examples that illustrate the ways in which scientists talk about sagmiiigress and the
aims of science, and their criteria for evaluating episodes of $wemtange as
progressive. | will discuss examples from Early Modern science and dravumes
such as the protocols and records of scientific societies of the period, pritharfoyal
Society of London, and the writings and letters of Early Modern natural philosophers
Focusing on the life sciences, | will also discuss some work done by Nobehtesuire
physiology, serology, biochemistry, bacteriology, and immunology. | will ssigipat
these examples reveal what may be called the “scientific practissedsang progress”
as it is institutionalized by the Nobel Prize. By examining this sfieptiactice, |
suggest, we can gain insight into the problem of scientific progress.

2.a. Early Modern Science

The importance of the biomedical sciences for Early Modern science was
emphasized by Donald Bates. According to Bates:

Medicine is historically central to the development of science, and it is only

through its history that the question of the uniqueness of scientific knowledge can
be answered.

° Quoted in Wilson, C. (2009), p. 85. Bates’ manigctMedicine and the Soul of Science,” from which
this quotation is taken, was not published.



Catherine Wilson elaborates on Bates’ thesis and defends it against thedsvassl af
the “Scientific Revolution” as dominated by mechanics and physics. AccordindggonVi
(2009), those who held a scientific view during Early Modern times subscribed to these

theses:

EmergenceThe manifest image present to the senses is the effect of an
underlying material reality. Precise correlations can be establisheddrethe
properties and dispositions of macroscopic substances and the latent, atomic
reality underlying them.

DeterminatenesdMacroscopic phenomena are only semi-orderly and are not fully
predictable. Yet the motions of body as such can be precisely described, as can
the interactions of certain classes of bodies.

Accessibility The hidden order, though invisible, can be visualized and
represented by means of experimental techniques and instruments, and can be
manipulated by humans.

Permissibility and Utility These manipulations are permissible; i.e., they are
sanctioned by God and are not demonic. They can contribute to human welfare,
reducing toil, pain, and suffering (p. 97).

Wilson then suggests that the significance of the biomedical sciencessel/érdeenth
century may have been underestimated as a result of their apparent dadixeenplify
the determinateness and utility expected from science.

Moreover, in her bookThe Invisible World1995), Wilson argues for the
significance of the microscope as an instrument of discovery in Early ModencecAs
Wilson (1995) writes:

| offer an ‘inverted’ picture, in which it is not the luminous and remote objects of

celestial mechanics but scrapings, bodily fluids, bits of earth, and fragaients

tissue that are located at the juncture of descriptive and speculative natural
history, or protoscience, and modern science, and the juncture of occult and
scientific mentalities. | have concentrated on some aspects of medidiné an
what we now know as biology that have sometimes been regarded as laggards

relative to the physical sciences, or even argued out of existence for thebiperi
guestion (preface).
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For present purposes, it is of no concern to us whether the life sciences were ngwe or le
important than the physical sciences and whether or not they contributed nes® or |
than the physical sciences to the so-called “Scientific Revolution.” Whtgnh& that
the life sciences are acknowledged as a valuable source of insight into sgeatfiess.
This is important to emphasize because it seems that philosophers of sciéacktineg
life sciences to some extent and focus too heavily on the physical sciencesllgspe
physics. | would like to suggest that it might be worthwhile to give someiattdantthe
life sciences as well. Perhaps we might gain new insights into scigmbficess.
Granted that the biomedical sciences were significant for the development of
Early Modern science, | now turn to an examination of the aims of Early Modentecie
as natural philosophers understood them. In what follows, | will examine two main
sources where the prospects of finding scientists expressing their viewgpeigress
and the aims of science seem promising: the protocols and records of the Ratgl Soci
of London, and the writings and letters of natural philosophers of the period.
2.a.i The Royal Society of London
Beginning with Early Modern science, the first source of insight into saentif
progress is the protocols and records of scientific societies of the period. Tohisake
historical investigation more manageable, | will mainly focus on “The Regaiety of
London for promoting Natural Knowledge,” whose First Charter (1662), granted by King
Charles the Second, reads as follows:
We have long and fully resolved with Ourself to extend not only the boundaries of
the Empire, but also the very arts and sciences. Therefore we look with favour
upon all forms of learning, but with particular grace we encourage philosophical
studies, especially those which by actual experiments attempt eitbleage out a

new philosophy or to perfect the old. In order, therefore, that such studies, which
have not hitherto been sufficiently brilliant in any part of the world, may shine
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conspicuously amongst our people, and that at length the whole world of letters
may always recognize us not only as the Defender of the Faith, but also as the
universal lover and patron of every kind of triith.
According to Robert Hooke (1635-1703), the business of the Royal Society is to
“improve the knowledge of natural things, and all useful Arts, Manufactures, Mechani
practices, Engines and Inventions by Experiments—(not meddling with Divinity,
Metaphysics, Morals, Politicks, Grammar, Rhetoric, or Logic)” (Hunter, 1981, p. 146)
And Henry Oldenburg (c. 1619-1677), the first Secretary of the Royal Society,iweote
letter to Norwood (February 10, 1667) that the Royal Society
aims at the improvement of all useful sciences and arts, not by mere spasulati
but by exact and faithful observations and experiments (Hall & Hall, 1965-1986,
IV, p. 168).
According to Hunter (1981), the Royal Society espoused a “Baconian programme” of
experiment and record, as outlined by Oldenburg (p. 37). As Oldenburg wrote in a letter
to van Dam (January 23, 1667):
It is our business, in the first place, to scrutinize the whole of Nature and to
investigate its activity and powers by means of observations and expey;iau@ht
then in course of time to hammer out a more solid philosophy and more ample
amenities of civilization (Hall & Hall, 1965-1986, II, pp. 13-14).
According to Hunter, there was an expectation in scientific circles ahtbdahat the link
between science and economic life could be strengthened, so that nationaltyrasderi
useful, scientific knowledge would advance together. As a result, Oldenbobe tar
Rycaut (January 30, 1668), it would be feasible “to render England the Glory of the
Western World, by making it the Seat of the best knowledge, as well as it ntey beat

of the greatest Trade” (Hall & Hall, 1965-1986, 1V, p. 133). In addition to merchants

10 Available at <http://royalsociety.org/Chartersthé-Royal-Society/>.
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assisting intellectuals, another hope was that the findings of the newesaieulcl
improve techniques in agriculture and industry (Hunter, 1981, p. 4).

The Royal Society was founded in the year of Charles II's Restoratiomand t
inauguration of this scientific institution distinguishes natural philosofiey H60 from
its Interregnum precursors (Hunter, 1981, p. 32). According to Hunter (1981):

The early Royal Society was undeniably significant in what might be ctdled i
‘definitional’ capacity, which mattered as much in its own time as siheead
specifically devoted to the study of natural philosophy—to what was emerging as
‘science’ in a recognisably modern sense—centering on natural and mekchanica
problems but extending through the life sciences towards medicine and through
chemistry and applied mathematics towards technology. Hence both hostile and
favourable contemporaries used the Society’s name as shorthand for the hopes
and achievements of the new science as a whole (p. 32).

And according to Hunter and Wood (1986):

The Royal Society was founded to promote a program of intellectual reform by
collaborative endeavor along the lines suggested earlier in the seventsduatly ¢
by Francis Bacon. To this end, it was intended that a systematic programme of
information collecting and empirical enquiry should be implemented. The idea
was that the Society should itself be the forum for the production as well as the
discussion of scientific findings, through experiments actually carried out at
meetings or by the efforts of experimenters employed on the Societyl$ (peha
51).

Furthermore, as evident in Thomas Birch’s (1705-1His)ory of the Royal Society
(1756-1757):

no aspect of the Royal Society in its early years is more striking thaorthality

of its aspirations and activities, part of its ambition to be a real nationalirsti
focusing scientific enterprise rather than a mere intellectual ssotal Most
important was the granting of a royal charter in 1662 which was replaced by a
second the following year: this made the body far more permanent and fanmal, f
it now joined the ranks of the chartered corporations, with a constitution which
had to be observed and which conferred rights and privileges (Hunter, 1981, pp.
35-36).

As stated in the Second Charter (1663), the activities of the Royal Society &tddies

are to be applied to further promoting by the authority of experiments thessief
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natural things and of useful arts, to the glory of God the Creator, and the advaritege of
human race™
Another account of its history, namely, Thomas Sprat’s (1635-IIHi&History
of the Institution, Design and Progress of the Royal Society of London for the
Advancement of Experimental Philosogh§67), reveals the Society’'s commitment to
“experimental philosophy.” Its founders regarded the Society as a plaeggeriments,
and they attributed great importance to the consensus to be achieved in evdiaating t
results with as many witnesses as possible. According to Hunter (1981), ‘fDiestréor
money to the landed classes of Ireland survives, which characteristioadiyest the
utility of the Society’s design not only in improving natural knowledge by checking
things hitherto taken on trust ‘as also for perfecting all usefull mechbnses &
practices™ (p. 38). Sprat’Blistory of the Royal Society marked with enthusiasm for
improvements on the national level through trade and industry, which is his vision for the
progress of science. This anticipation for the close connection between science,
commerce, technology, and national prosperity, was shared by Samuel Hartlib {c. 1600
1662), most notably, whose circle formed one of the foundations of the Royal Sbciety.
In 1665, Henry Oldenburg inaugurated Btalosophical Transactionsf the
Royal Society® Natural philosophers recognized its value and the journal became a
success. As John Wallis (1616-1703) wrote to Oldenburg (March 29, 1677), it was
valuable as “a proper place for communicating new discoveries” and as “a @mtveni
Registey for the Bringing in, and Preserving mayperimentswhich, not enough for a

Book, would else be lost; and [they] have proved a very good Ferment for the setting

! Available at <http://royalsociety.org/Charterstbé-Royal-Society/>.
120n the Hartlib Circle, see Jacob (1975) and Wel§$&75), pp. 446-465.
13 On thePhilosophical Transactionsee Kronick (1976) and Andrade (1965).
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Men of Uncommon Thoughts in all parts a work” (Hunter, 1981, p. 52). Some rather
esoteric articles on mathematics in Latin seem to indicate that masigsain the
Philosophical Transactionaere meant for practitioners in adjacent fields. However, it
seems that the journal was also designed to reach a wider audience. As Ol@&pitiurg
2, 1669) explains to René Francois de Sluse (1622-1685), “these philosophical
commonplace books are published in the English tongue because they are intended to be
for the benefit of such Englishmen as are drawn to curious things, yet perhaps do not
know Latin” (Hall & Hall, 1965-1986, V, pp. 469-478)For Oldenburg, the goal of the
Philosophical Transactionaas not merely to record information “but also, and chiefly,
to sollicite in all parts mutual Ayds and Collegiate endeavours for ttieefar
advancement thereof” (Hunter, 1981, p. 53)ccording to Hunter (1981), “Oldenburg
consistently and fully expounded scientific aims and methods and, since thesearacts
the Society’s name at their head and Oldenburg wrote letters on the Sociegjfsthey
naturally seemed to reflect its orthodox opinions” (p. 54). Oldenburg advocated a
Baconian notion of the proper role of natural philosophy insofar as he valued the
accumulation of natural histories while, at the same time, he did not underegtimat
role of speculation and hypothesis. He considered the achievements of Robeyt Boyl
“that Noble Benefactor to Experimental Philosophy,” as the embodiment of tioa bt
natural philosophy (Hunter, 1981, p. 54).

Other scientific societies of the period, such asft@ademia dei lincethe
Accademia del cimenttheDeutsche Akademie der Naturforscher Leopoldarad the

Academie royale des sciencpgescribed similar aims. According to Zilsel (1945):

14 See also Hoboken to Oldenburg, July 29, 1672 &ilh & Hall (1965-1986), IX, p. 197.
15 See thePhilosophical Transactionsol. | (1666).
16 See also Kargon (1966).
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The progress of science through cooperation was the aim of these organizations. |
is explained with particular clearness in the introduction to the first isshe of t
Philosophical TransactionEl666), edited by thRoyal SocietyHere Oldenburg,
the secretary of the Society, states that the new periodical is being pdibishe
the end that such Productions being clearly and truly communicated, desires after
solid and useful knowledge may be further entertained ... and those, addicted to
... such matters, may be invited and encouraged to search, try, and find out new
things, impart their knowledge to one another, and contribute what they can to the
Grand design of improving Natural knowledge.... All for the Glory of God, the
Honour and Advantage of these Kingdoms, and the Universal Good of Mankind”
(p. 348).
In the case of the Royal Society, in particular, it seems that its edidyvE had Francis
Bacon’s (1561-1626) Solomon’s House in mind as their model for a scientific society
(Hunter & Wood, 1986). According to Zilsel (1945), “Francis Bacon proclaimed the
advancement of knowledge for the benefit of mankind as the goal of the scidptists”
333).
According to Hunter (1981), Bacon'’s importance to the early Royal Society was
symbolized when he was enshrined as “Artium Instaurator” in the frontispi¢ice
Society’s first history (p. 14)’ In theNew Atlantis Bacon outlines his ideal of a publicly
financed research institution, “Solomon’s House,” for the cooperative study of.nature
The aim of this institution is “knowledge of Causes, and secret motions of thinghgand t
enlarging of the bounds of Human Empire, to the effecting of all things possible”
(Hunter, 1981, p. 13§ According to Hunter (1981), following Bacon'’s vision,
“Restoration scientists were obsessed by the usefulness of their stpdi&g). (n his
History of the Royal Socie{667), Sprat expresses this concern for utility by contrasting

the new science with the sterile scholastic philosophy: “While the Old couldestgw

on us some barren Terms and Notions, the New shall impart to us the uses of all the

" See also Sprat (1667).
18 See also Spedding, et al. (1857-1874), IlI, p..156



16

Creatures and shall inrich us with all the BenefitskruitfulnessandPlenty (Hunter,
1981, p. 87) In the Restoration, according to Hunter, many shared Bacon’s conviction
that the advancement of learning had suffered in the past from the dissociation of
“speculative men” and “men of experience.” As Sprat writes, “it were toisleed (as
that which would make Learning indeed solid & fruitfull) thativemen would or could
become writers’, so that natural philosophy might directly ameliorate hufean |
(Hunter, 1981, p. 87

As Hunter points out, Joseph Glanvill's (1636-16B@)s Ultra: or, The Progress
and Advancement of Knowledge Since the Days of Aristotle, In an Account of some of the
most Remarkable Late Improvements of Practical, Useful Lea(hB&8) is a useful
illustration of how Glanvill and others at the time thought of the aims of the newecienc
In Plus Ultra, Glanvill (1668/1958) calls the kind of learning he is recording “practical”
and “useful.” Like others at the time, he emphasized above all its pofentiatreasing
the “conveniences of Lifas well as “for theadvancement of Knowledg@. 64).
According to Hunter (1981), “this hope for the amelioration of life is intrinsic to the
science of the time and almost all scientists considered technologyngetaoriaeir
interests, recognizing the intellectual value of pursuits formerly caiesidather menial”
(p. 9). Glanvill says that those whose achievements he describes aspired to wvahiat he ¢
“solid knowledge.” This knowledge, which is the result of the rapid and genuine
advances in natural philosophy during the previous century, is contrasted by|Gdanvil

by Sprat, with the slow progress of knowledge that he associates with the former

9 See also Hunter (1975), p. 95.
% See also Hunter (1975), p. 95.
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dominance of the philosophy of the medieval schoolmen that was based on the works of
Aristotle (Hunter, 1981, p. 9).

Glanvill’s aim was “to encourage tlieeer andbetterdisposed Spirits, taigour
andendeavouin thepursuitsof Knowledge and to raise theapableandingenious
from adull anddrowsieacquiescence theDiscoveriesof former Times; by
representing the greehcouragementae have to proceed, fromodern Helpand
AdvancementgHunter, 1981, p. 10). Glanvill describes improvements of recent
centuries, such as the printing press and the mariner’'s compass. He meiations s
techniques as the invention of logarithms and innovative instruments that facilitated
observations, such as the microscope, the telescope, the thermometer, the hamodete
the air-pump, which were developed around the early and mid seventeenth century and
were becoming increasingly widespread in Glanvill's time. He discugsesin
chemistry, “by whiciNatureis unwound andresolv’'dinto theminute Rudimentsf its
Compositioi” alluding to the work of Robert Boyle (1627-1691) as well as work on
statics and pneumatics (Hunter, 1981, p. 11). He also mentions advancements in “natural
history,” in the collection of accurate information, which he considers to bateggor
progress. He considers Robert HooKdisrographia (1665), in which the details of the
structures of bodies are revealed by the microscope, to be the most imperasne of
this kind of progress. According to Hunter (1981), then, GlanWlliss Ultra“gives an
idea of what scientific contemporaries saw as the major recent improseohesitural
knowledge” (p. 11).

It is important to note, as Hunter points out, that there was a certain tension within

the Royal Society between what might be called “serious” natural philosopitetisea
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“amateur” virtuosi. On the one hand, there was a Baconian inclination to instructiveness
and utility. On the other hand, there was an inclination to inconclusive and frivolous
curiosity some Fellows condemned, stressing the need for judgment ancapracti
knowledge?! According to Hunter (1981), it “has long been known that the Society’s
connections with the establishment gave it a social éclat which attraatgdtonits tanks

for frivolous reasons, and membership is not necessarily proof of an active oweninit

to science” (p. 705 For present purposes, however, what is important is that the Fellows
of the Royal Society considered natural knowledge as their aim. That isotnsgered
natural and useful knowledge as the goal of scientific inquiry. And those who evaluated
their achievements, such as Glanvill, Sprat, and Birch, did so on the basis of these
epistemic criteria.

It is also important not to overestimate the emphasis on utility and useful
knowledge in the period. As Hunter (1981) points out, “some contemporaries reacted
against the overvaluation of utilitarian priorities in intellectual life treet been called
‘vulgar Baconianism’ (p. 89). For example, Thomas Hobbes (1588-1679) complains that
“not every one that brings from beyond seas a new gin, or other jaunty device, is
therefore a philosopher” (Hunter, 1981, p. 8Blowever, it is also noteworthy that
advocates of the natural and useful knowledge of the Royal Society, such ad @lanvil
Plus Ultra, tried to tout the merits of improved knowledge of the natural world just as
much as its utilitarian applications. The first section of Robert Bo#erae

Considerations touching the Usefulness of Experimental Naturall PhiloghpB8-71)

2 See, e.g., De Beer (1955), lII-IV and Nicolson@&) chap. 1. See also Hooke on the virtuosi in
Robinson & Adams (1935), p. 235. Cf. Houghton (1942

22 See also Hunter (1976), pp. 32-42.

% See also Purver (1967), xv and Molesworth (18388)91V, p. 437. Cf. Shapin & Schaffer (1989).
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deals with the value of knowledge about the natural world for its own sake as veell as f
religious enlightenment. Another contemporary praised the work of the RoyalySaxiet
being “to the Glory of God, the promoting of true & reall knowledge & both the Profit &
reputation of our Kingdoms” (Hunter, 1981, p. §0).

Despite the efforts of enthusiasts, such as Sprat and Birch, the Royal Sodiety
the new science were criticized as trivial and insignificant. To mentionxamepde, in
Thomas Shadwell’s (c. 1642-1692) saifitee Virtuosq1676), Sir Nicholas Gimcrack
tries to learn how to swim by lying on a table in his laboratory and imitatingdtiens
of a frog that he placed in a bowl of water. He says that he would not dare practice
swimming in water because he dislikes getting wet. “I content myself éth t
speculative part of swimming,” Gimcrack says, “I care not for the pradtisaeldom
bring anything to use; ‘tis not my way. Knowledge is my ultimate end” (Nocos
Rodes, 1966, p. 47J.Robert Boyle’s studies on luminescence are also parodied when
the virtuoso attempts to read the Geneva Bible by the light emitted byng ety of
pork. Robert Hooke is not spared by Shadwell as well when Gimcrack spends too much
money on his microscopes while being questioned as to the significance ofgtudyin
spiders and ants. To the question, “What does it concern a man to know the nature of an
ant,” the reply is that “it concerns a virtuoso mightily; so it be knowledgejdtisnatter
of what” (Nicolson & Rodes, 1966, p. 69).

Such satires notwithstanding, Early Modern natural philosophers thought that it
was within their power, using the sort of knowledge they were searching for, wvenpr

human welfare. According to Hunter, Fellows of the Royal Society maintained that

4 See also Hunter & Davis (1999), II, pp. 5-63.
% Another example is Jonathan SwifGsilliver's Travels see Greenberg & Piper (1973).
% Cf. Gilde (1970).
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understanding natural phenomena and a concern for utility are insepardbgeriatural
philosopher. As Boyle writes: “I shall not dare to think my self a true natutidlisty

skill can make my garden yield better herbs and flowers, or my orchardfbattesr my
field better corn, or my dairy better cheese, than theirs that areessdaoghysiology”
(Hunter, 1981, p. 91%° The project for a great collaboratikstory of Tradeswhich

was promoted by the Royal Society and which adopted Bacon'’s technological
counterpart of his projected natural history, is a testament to this pursuit of natural
knowledge. According to Hunter, this project involved the collection of information
about technical processes for its value in its own right and as a potential sodate of
for hypotheses. The expectation was that, by means of collaboration, improveaments
one field could bring about advancements in others. As Sprat writes: “By this help the
worstArtificers will be well instructed, by considering tiMethods andToolsof the

best” (Sprat & Cowley, 1734, p. 318)Boyle also developed such a progranSome
Considerationswhile William Petty (1623-1687), John Evelyn (1620-1706), and
Oldenburg listed trades suitable for such a study (Hunter & Davis, 1999, Ill, pp. 442-
456)%

In the case of Evelyn and silviculture, for instance Syilva, or a Discourse of
Forest-Trees and the Propagation of Timber in His Majesties Domiigidi&!) may be
seen as a relatively successful collaboration. It was the result of worlbgcesgeral
Fellows of the Royal Society as a response to a request from the Commissidhers
Navy to improve the supply of timber. Evelyn’s task was to supervise the work arel to us

his eloguence as a writer to present it in a suitable form (Hunter, 1981, p. 93). This was

" See also Hunter & Davis (1999), II, p. 64.
% See also Houghton (1941).
2 See also Lansdowne (1927), |, pp. 205-207 andeSiey (1923-4).
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not unique. According to Hunter (1981), tHestory of Tradesvas successful in

stimulating careful descriptions of industrial practices: “The arclotéise Royal

Society are full of detailed accounts of all sorts of techniques—from the maiking

candles and parchment to that of cheese and pitch—though certain themes tended to be
stressed, such as dyeing, tanning, salt-making, the production of alum, theglwEwin

cider, mining, farming and agriculture” (pp. 91-§2).

The aspirations of Early Modern natural philosophers may be reasonably summed
up with Hooke’s urge to draw conclusions not only “for the finding out the operations of
Nature” but also for finding out “how this art may be varyed or improvd either as to the
materiall, on which they work or as to the instruments & manner of their working, or
both” (Hunter, 1981, p. 103}.We should not forget, says Hunter, that, as admirable as
their intentions were, most of the projects of the early Royal Society destabove
were quite disappointing relative to the aspirations of the Fellows (Hunter, 1981, .p. 106)
However, for present purposes, the important things to keep in mind are that a
“commitment to technology continued throughout the Restoration period” (Hunter, 1981,
p. 96), and that “Curiosity about technology characterized science throughout ¢t peri
(Hunter, 1981, p. 98). More importantly, the Fellows of the Royal Society “agreed that t
achieve its avowed aim of improving natural knowledge, the Society needed to perform
experiments, collect observations, maintain a correspondence network, and collate the
writings of naturalists both ancient and modern” (Hunter & Wood, 1986, p. 65).
Apparently, there was a tension between the “vulgar Baconians,” such asriVi{tige

(1637-1670), who thought that the task of the natural philosopher is to be confined to the

%0 See also Birch (1756-1757), |, pp. 99-102.
31 See also Tenison to Oldenburg, November 7, 16 Halh& Hall (1965-1986), VIII, p. 348.
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cooperative collection of natural histories, and the “moderate Baconians, sshicioke,
who accepted cooperative and utilitarian goals, but insisted that inquiry intaubesoof
natural phenomena is also required. Nevertheless, they all agreed that ‘lemeloéfe
ends of the society is to advance knowledfe.”

2.a.ii. Harvey and the Circulation of the Blood

As we have seen, the Fellows of the Royal Society considered Bacon’s Solomon’s
House as their model of a scientific society whose aim is “the knowledgaisé§;and
secret motions of things; and the enlarging of the bounds of Human Empire, to the
effecting of all things possible” (Spedding, et al., 1857-1874, Ill, p. 156). For Bacon,
“Human knowledge and human power meet in one” (Spedding, et al., 1857-1874, IV, p.
47). Like others in the Early Modern period, Bacon was impressed by new dissoverie
and inventions, such as the compass, printing press, and gunpowder, which had beneficial
effects for society. Accordingly, Bacon sought to find and employ new methods for
finding this kind of useful knowledge, so that humanity would be endowed with more
discoveries and powers (Spedding, et al., 1857-1874, IV, > 79).

Whether or not his methods were successfully followed by natural philosophers in
the period, the Early Modern preoccupation with methodology was not limited to the
works of Bacon. René Descartes (1596-1650), of course, is another familiar edample
the Discourse on Metho(lL637), Descartes writes:

Because | planned to spend my entire life in the pursuit of this very essential

knowledge, and because | had found a path which seems to me such that by

following it one must infallibly discover this knowledge, were one not prevented

from doing so either by the brevity of life or by lack of experiments, | judged that
there was no better remedy against those two impediments than to communicate

32 william Neile, Royal Society, Domestic Manuscriptd 1 (first item)Proposalls humbly offered to
better considerationquoted in Hunter & Wood (1986), p. 79.
¥ See also Sargent (2002).
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faithfully to the public the little that | had discovered, and to urge good minds to
try to go further by contributing, each according to his inclination and abdity, t
the experiments which would have to be performed, and also by communicating
all the things they learned to the public (Olscamp, 2001, p. 51).

By applying his method, Descartes says,

it is possible to arrive &nowledge which is very useful in this liéad that

instead of that speculative philosophy taught in the schools, we can discover a
practical one, through which, knowing the force and action of fire, water, air, the
stars, the heavens, and all the other bodies which surround us, as distinctly as we
know the different skills of our artisans, we can use them in the same way for all
the purposes to which they are suited, and to make ourselves the masters and
possessors, as it were, of nature (Olscamp, 2001, p. 50, my emphasis).

Again, whether or not his method is successful is not important for present purposes.
What is important is that Descartes conceives of the aims of inquiry in oé tines
attainment of knowledge that is not only intellectually satisfying bt @lactical and
useful. Advancing knowledge, Descartes realizes, would take the distinct contrilmiitions
numerous individuals over a long period of time.

Since Descartes’ writings on method were studied in great detail, | wkeltbli
discuss another example that has received less attention in this redgacerditatio
Anatomica de Motu Cordis et Sanguinis in Animaliti&28), William Harvey (1578-
1657) writes in his dedication to the President of the Royal College of Rimgsic

| profess both to learn and to teach anatomy, not from books but from dissections;

not from the positions of philosophers but from the fabric of nature; and then

because | do not think it right or proper to strive to take from the ancients any
honour that is their due, nor yet to dispute with the moderns, and enter into
controversy with those who have excelled in anatomy and been my teachers. |
would not charge with willful falsehood anyone who was sincerely anxious for
truth, nor lay it to anyone’s door as a crime that he had fallen into error. | avow
myself the partisan of truth alone; and | can indeed say that | have used all my
endeavours, bestowed all my pains on an attempt to produce something that

should be agreeable to the good, profitable to the learned, and useful to letters
(Bowie, 1889, pp. 6-7).
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This passage seems to capture some of methodological themes associateslseith t
called “Scientific Revolution”:
(SR1) The dissatisfaction with absolute reliance on the authority of the ancient
(SR2) The emphasis on studying the book of nature rather than the books of the
ancients;
(SR3) The need for a method to distinguish truth from falsehood and to eliminate
error;
(SR4) The realization that the pursuit of knowledge is not easy and that it may
lead to dead-ends occasionally;
(SR5) The insight that setting modest epistemic goals that can atteally
achieved is a reason for epistemic optimism rather than skepfitism.
Whether or not this period may be correctly characterized as a “SciétgwMolution” is
of no importance for present purposes. It is important to recognize, however, that the
Early Modern period was a period of (proto) scientific change. As Wilson (1998kwri
In the early mid-seventeenth century, Western Europe was the site ofittaoret
and technological achievements that determined its later economicrymédital
cultural history. Scientific societies were founded and journals establiséed,;
mathematical techniques, notably analysis and algebraic geometrynwemeed
and applied to physical problems. Forces and masses were quantified, orbital
motion analyzed to determine its components, and free fall brought under the rule
of law. The Copernican system won widespread acceptance, and the circulation of
the blood was established. Instruments for the observation of very distant or very
small objects were put into use, as were newly constructed apparatuses for
hydrostatic and barometric experiments. A self-consciousness about thefstudy
nature and its benefits, humanitarian and theological, emerged. New discursive

forms, the experimental narrative and the apologia for scientific gctwéde
their appearance (p. 3).

More importantly, it is important to recognize that Early Modern natural mplees

were concerned with matters of methodology. Arguably, one of the insights of tiie Earl

34 Cf. Wilson (2008).



25

Modern natural philosophers seems to have been the realization that setting epistemi
goals that are impossible to achieve (e.g., grandiose projects of univezaak}eire a

recipe for despair. Being modest about one’s epistemic goals, however aamdatt

them in a piecemeal fashion, is a reason to be optimistic about the pursuit of knowledge
and its progressive growth. The work of Harvey seems to embody some of these
methodological themes.

According to Debus (1954), “the discovery of the circulation of the blood may be
easily cast in terms of the progressive growth of knowledge” (p. 72). However, this
characterization would be somewhat inaccurate, according to Debus, because “one
faced with the seeming paradox that one of the most impressive achievemeats of t
Scientific Revolution was accomplished by a professed Aristotelian and shabik
appealed first to mystical Hermiticists” (p. 73)it is true that Harvey may be
characterized as an Aristotelian insofar as his discovery is in acconddahristotle’s
doctrine of the supremacy of the heart. This fact in itself, however, does notcseem
undermine Harvey'’s contributions to the progressive growth of knowledge in the life
sciences. By the same token, one might argue that Harvey was a Galenistyorkhi
seems to be situated in the Galenic tradition to the extent that it addressesiguest
derived from Galen’s work.

Early Modern physiologists and anatomists faced the following questions, which

were an inheritance from Galen (c. 129-200 C.E.): (a) How does blood flow from the

% As an example of mystical claims about the impuréeof the heart, Debus cites the following passage
from Harvey’s dedication to Prince Charles: “Thénzad’s heart is the basis of its life, its chief miger,

the sun of its microcosm; on the heart all its\agtidepends, from the heart all its liveliness atréngth
arise” [Franklin (1963)]. Whether this is mysticalsimply metaphorical, as M. B. Hall (1962) poiots,
these claims might lead one to attribute mysticaiiicance to Harvey's work, or to interpret Hape
discovery as motivated by mysticism, only if onisféo realize that “the mysticism is an enthusiaghich
led Harvey to investigate the function of the héadn eminently non-mystic fashion” (p. 285). Cf.
Westfall (1971), pp. 90-92.
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right ventricle to the left? (b) Does the venous artery contain blood or air? Aggoodi

Galen, the veins and arteries are two distinct systems. The only point of coratiannic

is the permeable septum in the heart. The problem was that Galen’s convictibe that

septum is permeable is based more on speculation than empirical evidencenf\ppar

Andreas Vesalius (1514-1564) was aware of this problem. bénldumani corporis

fabrica (1543), he writes:
The septum of the ventricles, therefore, is [...] made out of the thickest substances
of the heart and on both sides is plentifully supplied with small pits which
occasion its presenting an uneven surface towards the ventricles. Of thesx pit
one (at least in so far as is perceptible to the senses) penetrates from the right
ventricle to the left, so that we are greatly forced to wonder at the skill of the
Artificer of all things by which the blood sweats through passages that are
invisible to sight from the right ventricle to the left (O’Malley, 1965).

And in the 1555 edition, Vesalius writes:
Nevertheless, howsoever conspicuous these pits may be, not one of them, in so far
as is perceptible to the senses, penetrates through the ventricular septuine from t
right to the left ventricle. Indeed, | have never come upon even the most obscure
passages by which the septum of the heart is traversed, albeit that tisegepas
are recounted in detail by professors of anatomy seeing that they age utterl
convinced that the blood is received into the left ventricle from the right. And so it
is (how and why | will advise you more plainly elsewhere), that | am ntiteaiti
two minds about the office of the heart in this respect (O’Malley, 1965).

For Galen, much of the blood in the left ventricle comes from the right ventriolegtir

these pores or pits in the septum. As Vesalius points out, however, no such pores or pits

could be detected in the septum.
Following Vesalius, other anatomists and physiologists became increasingly

dissatisfied with the Galenist account of the existence of such pits. To name ome,of the

Realdus Columbus (c. 1516-1559) describes the pulmonary route of the blood from the

right ventricle to the left iDe re anatomica libri xy1559):
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Between these ventricles there is placed the septum through which almost al
authors think there is a way open from the right to the left ventricle; and
according to them the blood is in transit rendered thin by the generation of the
vital spirits in order that the passage may take place more easily. But these
authors make a great mistake; for the blood is carried by the artery-like b t
lungs and being there made thin is brought back thence together with air by the
vein-like artery to the left ventricle of the heart (Hall, 1962, p. 273).
Although Juan Valverde da Hamusco (c. 1525-1588) was the first to publish
experimental work on the minor circulation of the blood, the work of Columbus was
widely read (Hall, 1962, p. 274).
By the time Harvey began his work on the circulation of the blood, the problems,
if not the rudiments of a solution, were already set for him by his predecesdersallj\f
in addition to Valverde and Columbus’ work on the minor circulation, Fabricius’ (1537-
1619)De venarum ostioli§1603) was known to Harvey. As a student of Fabricius at the
University of Padua, Harvey was likely influenced by Fabricius’ work, even thoug
Fabricius did not publish his work until 1603 (Debus, 1954, pp. 63-65). For Fabricius,
theseostiolaare little doors that obstruct the flow of blood, so that the veins are not
ruptured. Indeed, Harvey acknowledges a debt to his predecessors. In the introduction to
the De moty Harvey writes:
It profits one who is pondering on the movement, pulsation, performance,
function, and services of the heart and arteries to read what his predecessors have
written, and to note the general trend of opinion handed on by them. For by so
doing he can confirm their correct statements, and through anatomicalidigsect
manifold experiments, and persistent careful observation emend their wrong ones
(Franklin, 1963, p. 7).
So, according to Harvey, one should not assume that the claims of one’s predecessors
must be wrong merely by virtue of being ancient. Rather, one should examine them

carefully, by meticulous observations and repeated experiments, in order to chofem t

that are true and reject those that are false.
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Harvey emphasizes this methodological principle again idsh&omical
Disquisitions on the Circulation of the Blo¢#648). In this work, Harvey responds to
objections made by the French physician, Jean Riolan the Younger (1577-1657). As
Harvey writes:

...there is no science which does not spring from pre-existing knowledge, and no

certain and definite idea which has not derived its origin from the senses (Bowie,

1889, p. 93).

This passage seems to reveal not only Harvey’s empirical approach but also his
commitment to a piecemeal approach to the growth of knowledge. As for the growth of
knowledge, the emendation of previous work, such as Galen’s, is a modest epistemic
goal. According to Harvey, it is easier to make progress by building on the woinle'sf
predecessors than starting from scratch.

As for the empirical approach, it seems that Harvey is careful in his speaslat
and modest in his claims about the unobserved “capillaries.” Gillispie (1960) dngties t
Harvey postulates the existence of capillaries, even though he could not obsar{(e. the
72). But, as Elkana and Goodfield (1968) show, “Harvey was aware that the @rculati
was completethy some means or othdyut throughout his life he was in considerable
doubt as to how this was actually accomplished” (p. 62, original emphasis). Harvey’s
reluctance to posit the existence of unobserved capillaries is evident in his teplie
Riolan’s objections. As Harvey writes:

...neither our learned author himself [i.e., Riolan], nor Galen, nor any experience,

has ever succeeded in making such anastomoses as he imagines, sensible to the

eye (Bowie, 1889, p. 107).

Harvey continues:

| can therefore boldly affirm, that there is neither any anastomosis eétize
portae with the cava, of the arteries with the veins, or of the capillary
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ramifications of the biliary ducts, which can be traced through the entire liver
with the veins (Bowie, 1889, p. 108).

So, according to his own accounts of the discovery of the circulation of the blood, it
seems that Harvey was looking for such anastomoses as Galen’s tigegdrdn doing

so, he was clearly working within the framework of questions set for him by his

predecessors. However, unlike Riolan, he was not dogmatic in his dependence on the

authority of Galen, and he was willing to emend Galen’s theory in light of exalpiri
evidence. As Harvey writes:

True philosophers, who are only eager for truth and knowledge, never regard
themselves as already so thoroughly informed, [so that they do not] welcome

information from whomsoever and from wheresoever it may come; nor are they

so narrow-minded as to imagine any of the arts or sciences transmitteoyto us

the ancients, in such a state of forwardness or completeness that nothing is left for

the ingenuity or industry of others. On the contrary, very many maintain that all
we know is still infinitely less than all that remains unknown. [Nor] do
philosophers pin their faith to others’ precepts in such [ways] as they lose their
liberty, and cease to give credence to the conclusions of their proper. senses
Neither do they swear such fealty to their mistress Antiquity, that theyyopenl
and in sight of all, deny and desert their friend, Truth (Schultz, 2002, p. 179).

After Harvey’s death, Marcello Malpighi (1628-1694), studying the lungs o fusghg
a microscope, showed that veins and arteries are joined by anastomoses (Elkana &
Goodfield, 19685° Here is what Oldenburg wrote to Malpighi about the latter’s work

(March 25, 1669):

Our company of philosophers thinks that you are treading the real paths leading to

a true knowledge of nature’s secret places when you put aside the empty

arguments of the schools’ theory for pursuing almost nothing but generalities, and
devote your mind and hands to observing accurately and eviscerating minutely the

things themselves (Wilson, 1995, p. 35).

% See also Allchin (2005).
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For Early Modern natural philosophers, then, the aim of their inquiry into the workings of
nature is what they call “natural knowledge,” by which they meant knowledgs thait

only valuable for its own sake but also useful.

2.b. Modern Science

In addition to the history of Early Modern science, a different, more contemporary
source of insight into scientific progress is the institution of the Nobel PiimeNdbel
Lectures contain several references to scientific progress and thefaience. The
institution of the Nobel Prize seems to be particularly revealing in this tdspeause it
is a setting in which scientists reward their colleagues for what tkeydde important
contributions to science. It would seem to be illuminating, then, to look at the grounds on
which they reward their peers and the criteria based on which they judge certa
contributions as progressive.

There are many interesting discoveries documented in the Nobel Lebiatresd
might wish to examine. However, in keeping with my focus on the biosciences, | would
like to examine the reasons why the following Nobel Laureates wereedvine Nobel
Prize in Physiology or Medicine: Charles Luis Alphonse Laveran (1845-19¢2), Il
Metchnikoff (1845-1916), Paul Ehrlich (1854-1915), Karl Landsteiner (1868-1943), Ivan
Petrovich Pavlov (1849-1936), and Hans Adolf Krebs (1900-1981). On what grounds
were their discoveries judged as advances in their fields? | think that #sesencsight
shed some light on the question of scientific progress, at least astiarlasgciences are
concerned, for they are instances in which the work of a few scientists waategdly
their colleagues as progressive. It would be interesting to find out, | suggeghat

grounds these evaluative judgments were made.
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2.b.i. Laveran on the Role Played by Protozoa in Causing Disease
In 1907, Charles Louis Alphonse Laveran (1845-1922) was awarded the Nobel
Prize in Physiology or Medicine “in recognition of his work on the role played by
protozoa in causing diseases.” The Presentation Speech for the 1907 Nobel Prize in
Physiology or Medicine was supposed to be delivered by C. Sundberg, member of the
staff of professors at the Karolinska Institutet. Although Sundberg (1907) ditiner
his speech, since the presentation ceremony was canceled because ohtbkKiagt
Oscar Il, he wrote the following:
To appreciate properly the importance of Laveran’s investigations into the
protozoan causes of disease, one must remeimpstate of this branch of
science at the timef Laveran’s earliest work, i.e. about 1880. Doely of
knowledgerelating to the causes of infectious diseases was makingpragess
at that time in the field of bacteriology. Pasteur’s “Theory of Germs” had
provided the key to the riddle of fermentation processes, and its relevance to
infectious diseases had been grasped. So several pathogenic bacteria had been
discovered by 1880: those of anthrax and relapsing fever; other germs, such as
those causing tuberculosis, glanders, pneumonia, typhoid fever, diphtheria,
tetanus, Asiatic cholera, traumatic fevers, etc. were discovered onaredtieer
during the years 1880-90. All these germs were found to belong to the last
category of the plant kingdom, the bacteria (my emph#sis).
According to Sundberg, then, in order to appreciate the significance of a scientific
discovery, one must compare the “body of knowledge” in the relevant field prior to the
discovery to the one after it. What was known before Laveran’s work?
The germ theory of disease has a long history. During the seventeenth century, the
discovery of microorganisms was made possible as a result of the developrhent of t
microscope. In 1675, Antonie van Leeuwenhoek (1632-1723) wrote to the Royal Society

about his observations of “little animals.” As Leeuwenhoek writes:

| discovered new living creatures in rain, which had stood but a few days in a new
tub, that was painted blue within. This observation provoked me to investigate

37 Available at <http://nobelprize.org/nobel_prizestiitine/laureates/1907/press.html>.
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this water more narrowly; and especially because these little animastaveny
eye, more than ten thousand times smaller than the animalcule which
Swammerdam has portrayed and called by the same of Water-flea or tatsr-I
which you can see alive and moving in water with the bare eye (Wilson, 1995, pp.
88-89)°
Leeuwenhoek was apparently inspired by Robert HodW&sographia (1665). Whereas
Hooke was using a compound microscope in his observations, Leeuwenhoek was using
single lens microscopes. Nevertheless, it seems that his lens grindismgrsiiacute
eyesight compensated for his use of less sophisticated instruments (Wilson, 1995, p. 93)
On September 17, 1683, Leeuwenhoek wrote to the Royal Society about his observations
on the plague between his teeth, “a little white matter, which is as thick aswéie’
batter.” He repeated these observations with two ladies and two old men who had never
cleaned their teeth. As Leeuwenhoek reports: “I then most always sawyeath g
wonder, that in the said matter there were many very little living acuies, very
prettily a-moving. The biggest sort [...] had a very strong and swift motion, and shot
through the water (or spittle) like a pike does through the water. The second.oft-[
times spun round like a top [...] and these were far more in number.” In the sample taken
from the mouth of one of the old men, Leeuwenhoek found “an unbelievably great
company of living animalcules, a-swimming more nimbly than any | had eeerup to
this time. The biggest sort [...] bent their body into curves in going forwards. [...]
Moreover, the other animalcules were in such enormous numbers, that all the water [...]
seemed to be alive” (Fred, 1932, p. 1b).

Leeuwenhoek wrote about his work in his letters. For example, in this letter from

June 12, 1716, he writes about his pursuit of knowledge:

% See Leewenhoeck (1677-1678), pp. 821-831. Théirmpel Leeuwenhoek’s name was changed in this
publication.
39 See also Ford (1991).
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my work, which I've done for a long time, was not pursued in order to gain the
praise | now enjoy, but chiefly fromaiaving after knowledgevhich | notice
resides in me more than in most other men. And therewithal, whenever | found
out anything remarkable, | have thought it my duty to put down my discovery on
paper, so that all ingenious people might be informed thereof (Palm, 1999, my
emphasis).
And in a letter from March 21, 1698, he writes about the aim of this pursuit:
what | have written is onlfor the improvement of medical knowledged as an
incentive to the laborious enquirers after new discovers in science, the field of
which, is indeed indefinite (Hoole, 1800, p. 160, my emph&Sis).
This “craving after knowledge” also led Leeuwenhoek in 1698 to demonstrate the
circulation of the blood in the capillaries of an eel.
Subsequently, in 1835, Agostino Maria Bassi (1773-1856) showed that a minute
fungus caused muscardine disease in silkworms. He argued that “Allonte abf
whatever type, with no exceptions, are products of parasitic beings; thativéndy
organisms that enter in other living organisms, in which they find nourishment, that is,
food that suits them, here they hatch, grow and reproduce themselves” @laz2&99,
p. 19). And Casimir Joseph Davaine (1812-1882) reported observing rod-shaped
structures, which he named “bacteridia,” in the blood of organisms that had died as a
result of anthrax.
In 1840, Friedrich Gustav Jacob Henle (1809-1885) laid out the theoretical
framework for the germ theory of disease by articulating four criteatausually suffice
to confirm the causal relation of an agent or pathogenic organism to an infecti@se dise
These criteria are the following: (a) the agent must be present in eacli tesdisease;

(b) the agent is not present in other diseases; (c) after isolation in culturegnhenagt

be able to produce the disease in experimental animals. Heinrich Hermann Robert Koc

“° The translator notes that this is taken from @tetritten to Leeuwenhoek by G. Bidloo on March 21
1698.
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(1843-1910) later adopted these criteria and added a fourth one, namely, that the agent
can be recovered from the experimental animal. These four criteratodrme known as
“Koch'’s Postulates.”

In 1864, Louis Pasteur (1822-1895) showed that putrefaction and fermentation
were caused by microorganisms. He thus rejected erroneous beliefs about spsntane
generation by demonstrating the absence of microbial growth aftenheavation. His
realization that the processes of putrefaction and fermentation by microorgamisaon
not only in organic material but also in the living body provided the foundation for the
germ theory of disease. Koch identified the causative organism of anthrax (1876), and
later those of tuberculosis and cholera, while Pasteur found in 1879 that pathogenic
microbes could be rendered less virulent by changing their environment (e.g., by
exposing them to oxygen) for several generations of growth. Pasteur tretthmje
weakened strains into animals in an attempt to produce immunity to the virulemtlatra
doing so, he developed vaccines for chicken cholera (1880), anthrax (1881), and rabies
(1885). By 1900, the bacterial causes of several diseases had been discovered. By that
time, it was commonly accepted that every disease has its causal bacterium

Against this background, Laveran’s contribution begins with his work on malaria.
While he was serving as an army doctor in Algeria, he used to perform autopsies on
malaria victims. He noticed that they had numerous pigmented bodies in their blood.
More importantly, he noticed that some of these bodies were in the red blood cells,
whereas others moved freely with the help of movable filaments or flagellaapiae
and varied movements of these flagella, which emerged from a clear sphengal bod

suggested to Laveran that these were parasites. He named these fizsasdidem
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malariae Out of 192 blood specimens from malaria patients he had examined, these
parasites were present in 148 specimens. At first, Laveran’s discovergevasth
resistance. In 1882, he visited Rome and showed his findings to Marchiafava, Celli, and
Corrado Tomassi-Crudeli. They were not impressed, however, and thought that the
spherical bodies identified by Laveran were degenerative changes id thlead cells.
But later, when they examined fresh preparations in which the movements of the
parasites could be observed, they accepted that these were indeed paragitd. Adie
credit Laveran, however, because they thought that they were observingepdhaditid
not resemble those identified by Laveran, and so they namedPflaemodium malariae
By 1885, others were able to record the development of these parasites within the red
blood cells and the accumulation of pigment using more powerful microscopes with oll
immersion lenses (Sherman, 1998, pp. 5-6).
Laveran gives his account of the role played by protozoa in causing disease in his
Treatise on Marsh Fevef4884). In his Nobel Lecture (1907), he said the following:
Theknowledgeof these new pathogenic agents has thrown a strong light on a
large number of formerly obscure questions. pregressattained shows once
more how just is the celebrated axiom formulated by Bacon: “Bene estseir
causas scire” (my emphasfs).
K. A. H. Mérner, Rector of the Karolinska Institutet, made a similar point in his
Presentation Speech when Robert Koch was awarded the Nobel Prize in Phymiology
Medicine in 1905 for his work on tuberculosis. As Moérner (1905) said:
To make Koch'’s significance in the development of bacteriology clear, one must
look at the situation with which Koch was confronted when he made his
appearance. Pasteur had indeed already published by then his epoch-making
work, which laid the foundations of bacteriology, and medical art had already

gathered in one very beneficial fruit which stemmed from this work, namely t
antiseptic method of treating wounds proposed by Lister. However, the trail was

“1 Available at <http://nobelprize.org/nobel_prizesfiitine/laureates/1907/laveran-lecture.html>.
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yet to be blazed, which bacteriological research had followed with such success

during recent decadds, discover the causes of individual diseases and to look

for the means of combating theltoch was a pioneer in this (my emphasfs).
Morner (1905) continued:

It is true that there were good groundsdopposinghat certain other diseases

were caused by micro-organisms. Betailed knowledgeoncerning this was

lacking, and experimental findings were very divergent (my emphasis).
In other words, the evidence in support of the claim that other diseases were caused by
microorganisms, just as anthrax and typhus are, was not compelling at the time before
Koch’s work. When Koch came along, however, he “not only set himself the task of
examining the problem of whether diseases were caused by bacteriadiragtor
Morner (1905), “but also endeavored to discover the special micro-organisms of the
particular diseases and to geknow moreabout them” (my emphasis).

According to Morner, then, after it was known that infectious diseases are the
result of harmful microorganisms that invade the body, the next step was todind
causative agents of specific diseases. Koch, for instance, managed to do that with
anthrax, tuberculosis, and cholera. Laveran made further progress by idgritifyin
causative agent of malaria. More specifically, he showed that malarianifeetous
disease that is caused by parasitic protozoa of the gdasimodium(or Oscillaria
malariag as he called them) within the red blood cells.

2.b.ii. Metchnikoff and Ehrlich’s Work on Immunity

In 1908, Elie Metchnikoff (also known as llya Mechnikov) (1845-1916) and Paul

Ehrlich (1854-1915) were awarded the Nobel Prize in Physiology or Medicine ifior the

work on immunity. The Presentation Speech was delivered by K. A. H. Morner.

According to Morner (1908):

“2 Available at <http://nobelprize.org/nobel_prizestiitine/laureates/1905/press.html>.



37

the possibility of obtaining protection against certain diseases has long been
known for the observation has been made that in many cases organisms which
have gone through an infectious disease will acquire protection against being
attacked by the same disease again. We then say that the organism has acquired
immunity against the disease in question (my emph&sis).

But this knowledge was not sufficient, according to Mérner. What was missing?

In scientific development, however, there is a very big step between this
observation and eeal knowledgef the changes which have taken place in the
organism through immunization, and it is also a very big step from the same
observation to the ability, consciously and without the danger attendant upon the
course of the illness, to give the organism such powers of resistance. It was,
therefore, rightly considered to be an epoch-making and blessed moment in the
history of medicine when Edward Jenner introduced, more than a hundred years
ago, protective vaccination with cow-pox substance which can give immunity
against a disease, namely smallpox, the ravages of which the present generati
can hardly imagine. Great though the practical importance of Jenner’s discovery
was, it did not advance the development of the study of immunity in respect of
other diseases or permit of any deep penetration into the problem of immunity
generally. The prerequisites for a successful scientific elaboratibe study of
immunity were still missing. The first and most important condition for making
the problem of immunity the subject of real scientific research was namely
establish the cause of disease. It was the revolutionary work of Pasteur énd Koc
which was done during approximately three quarters of a century afterden
discovery which laid the necessary foundation for the present important
development of the study of immunity (Mérner, 1908, my emphasis).

So, according to Mérner, Jenner made progress when he discovered that cowpox confers
immunity to smallpox, and then Koch and Pasteur improved on Jenner by realizing that
infectious diseases are caused by microorganisms. How, then, did Metchnikoffempr

on Koch and Pasteur?

Elie Metchnikoff was the first to take up consciously and purposefully, by means
of experiments, the study of the question so fundamental to the question of
immunity; by what means does the organism vanquish the disease-bearing
microbes attacking the organism in which they have succeeded in establishing
themselves and developing? At first his experiments were restrictedltoviire
animals. This was the case in his important work concerning a kind of infection in
certain microscopic aquatic animals, the so-called water fled® Huiding

principles behind these investigations were not known they could appear to be
remote from any medical interest. They were, however, the first links inraahai

3 Available at <http://nobelprize.org/nobel_prizestiitine/laureates/1908/press.html>.
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investigations leading to phenomena of immunity, also in mammals and in
humans. These investigations opened the way for Metchnikoff's theory of
phagocytosis. According to this theory, the microorganisms are destroyed by
activity of cells in the organism. Certain kinds of cells in the bodies of humans
and animals, namely, are supposed to have, in addition to other functions, the task
of catching and destroying disease-producing microbes which have sutoeede
penetrating the organism, and also of rendering certain bacterial poisons farmles
(Morner, 1908).
According to Morner, Metchnikoff improved on Koch and Pasteur by uncovering some
of the mechanisms by which living organisms fight off virulent microbes. Thanks
Jenner, it was known that cowpox confers immunity to smallpox, but since no one knew
how it works, this useful bit of knowledge could not be replicated in the case of other
diseases. Thanks to Koch and Pasteur, however, the underlying mechanismsef disea
causation were partially uncovered, and thus other vaccines were developed ssing thi
knowledge. Now, due to Metchnikoff, we know not only about the causes of diseases but
also how living bodies respond and fight off disease-producing microbes. In his Nobel
Lecture, Metchnikoff (1908) said, “I take heart from the thought that it wasitiérion
of the generous founder Alfred Nobel to reward men of learning who give theitdives
knowledge without deriving any benefit from its practical applicatiéhs.”
Metchnikoff shared the Nobel Prize in Physiology or Medicine with Pauidahrl
“A man,” according to Mérner (1908), “who has been responsible for importanticient
progress as organizer and leader in this field deserves to be mentioned amonigathe firs
those who have dedicated themselves to a study of immunity.” How did Ehrlich improve
on Pasteur, Koch, and others? Ehrlich was awarded the Nobel Prize for his work on

serum therapy for diphtheria and antibodies. Ehrlich discovered that poisongthat ar

generated by bacteria occasionally produce certain elements in thesorglat have an

4 Available at <http://nobelprize.org/nobel_prizesfiitine/laureates/1908/mechnikov-lecture.html>.
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antagonistic effect, one that is directed against the substance that causedubggor of
the elements. This process is known as the formation of antibodies. After immunity ha
been achieved, such antibodies are found in the organism. These antibodies provide
protection not only against disease-producing microorganisms but also agatogidhe
products of these microorganisms (Ehrlich, 1988).

According to Morner and Ehrlich, the latter improved on Koch and Pasteur by
adding to our knowledge about immunity. In particular, we know that there arertd® ki
of immunological responses in living organisms. One consists in the ability toydest
microbes or to inhibit their development. The other consists in immunity against the
poisons that microbes produce and distribute in a living body. Metchnikoff's work
contributed to our knowledge of the former, i.e., about bacteria-destroying immunity.
Ehrlich’s work contributed to our knowledge about the latter, i.e., about poison
immunity. Thanks to Ehrlich, we know that cells have receptors (what Ehrlied Cttie
side-chains”) that normally function to capture nutrients. The receptors could bedblocke
by toxin, which would cause the cell to repair itself by producing an excesw cliae
chains, which would be shed into the serum and formed serum antitoxin. Toxin and
antitoxin would bind irreversibly on contact. According to Ehrlich, receptors/inye
possible antigen were already present in the normal animal. This aspecsideksbain
theory, however, was met with some resistance. Critics objected thatdhe riwguired
too many specific substances. An alternative was proposed by Karl Landst8ter (
1943). According to Landsteiner, specificity is approximate rather than atsadutit is
a matter of the closeness of fit, which is determined by the charge outlinégehant

The antigen-antibody reaction is reversible. On this view, antibody might bedfidayne

> Available at <http://nobelprize.org/nobel_prizestiitine/laureates/1908/ehrlich-lecture.pdf>.
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assembling protein molecules on antigen as template, as Felix Haurowitz (1896-1987)
suggested in 1928. Contrary to Ehrlich’s theory, Landsteiner’s view required no
preformed antibody. Despite these disagreements, however, Ehrlichisaiegy and

his diagrams of antibodies remain remarkably close to the present view of thedorma
of antibodies.

It is noteworthy that, although they shared the Nobel Prize in Physiotogy o
Medicine in 1908, Metchnikoff and Ehrlich did not work together, and their theories were
initially thought to be at odds. The disputes between the “humoral school” and the
“cellular school” were notoriously heated, though they never degenerated it fig
fact, that was the nature of the rivalry between Ehrlich and Metchnikoét|ystri
professional and never personal. According to the humoral school, to which Ehrlich
belonged, immunity is due to a substance—a humoral factor—in the blood. According to
the cellular school, to which Metchnikoff belonged, cells are responsible fortpretec
immunity, in particular phagocytes. As it turned out, both schools are correatolvi
known that immunity comprises both humoral and cellular components (Kaufmann,
2008).

2.b.iii. Landsteiner’s Discovery of Blood Groups

Karl Landsteiner (1868-1943) was awarded the Nobel Prize in Physiology or
Medicine in 1930 for his discovery of human blood groups. An examination of the Nobel
Lectures might reveal why Landsteiner’s colleagues consideredritrsbaition
important. On what grounds did they evaluate it as progressive?

The Presentation Speech for the 1930 Nobel Prize in Physiology or Medi@ne wa

delivered by G. Hedrén, chairman of the Nobel committee for physiologydicime of
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the Karolinska Institutet. In his speech, Hedrén (1930) recounted the redsons w
Landsteiner’s discovery advanced the biomedical sciences:
Landsteiner’s discovery of the blood groups|[hasopened up new avenues of
research in several branches of scieaoel has brought with itnportant
advances in the purely practical fielHdowever, it is only recently that the
scientific importance of Landsteiner’s discovery has been fully eshlimy
emphasisj?®
According to Hedrén, Landsteiner’s discovery yielded significant praetugdications in
medicine as well as new methods that proved useful in other fields. For example, the
purification techniques he used in his own research, i.e., techniques of purifying
antibodies by dissociating them from antigens, were later used (and arsestiioday
for some applications) in immunolod¥But that is not all. In addition:
In the field of genetics the discovery of the blood groups has also provedfto be
importance from the point of view of methodologthe study of the hereditary
transmission of other characteristics. [It] also prompted research on the
guestion—important for the study of constitution—whether other body cells in
addition to erythrocytes, and in particular the germinal cells, can beedifiiied
according to specific groups (Hedrén, 1930, my emphasis).
So, according to Hedrén, in addition to the important medical applications that his
discovery brought about, Landsteiner was awarded the Nobel Prize becauseoherylisc
also opened up new avenues of research in several branches of science and it proved to be
important methodologically in the study of the hereditary transmission of other
characteristics.
Indeed, in his Nobel Lecture, Landsteiner explained how new methods led to new
discoveries. As Landsteiner (1930) said, “it was not the usual chemical methdaks but t

use of serological reagents which led to an important general result in proteistchem

namely to the knowledge that the proteins in individual animal and plant species differ

“ Available at <http://nobelprize.org/nobel_prizestiitine/laureates/1930/press.html>.
4" See Landsteiner & Miller (1925).
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and are characteristic of each specf@&his general result helped Landsteiner in his
experiments regarding the phenomena of agglutination, i.e., when mixing blood from two
individuals can lead to blood clumping and the clumped red cells can crack and cause
toxic reactions. Before Landsteiner, it was commonly believed that agglon is a
pathology. But Landsteiner showed that it was due to the unique nature of the
individual's blood. Blood clumping is an immunological reaction that occurs when the
receiver of a blood transfusion has antibodies against the donor blood cells. He grouped
blood types into three groups, which he designated as A, B, and C (which later became O
and the AB blood group was subsequently added by others). Thanks to Landsteiner’s
work, the first successful blood transfusion took place in Mt. Sinai Hospital in New York
in 1907.
2.b.iv. Pavlov’'s Work on the Physiology of Digestion

In 1904, Ivan Petrovich Pavlov (1849-1936) received the Nobel Prize in
Physiology or Medicine “in recognition of his work on the physiology of digestion,
through which knowledge on vital aspects of the subject has been transformed and
enlarged.” Here is what K. A. H. Morner (1904), who delivered the PresentatiorhSpeec
had to say about progress:

The medical sciences are mutually interdepend@ogress in one field is often

closely associated with development in oth&te rise in one branch of science

can often have its origin in a recently made analysis within another sphere, and

yet it may appear at the first glance that the former is of outstandpuytance

while the latter is apparently of second valiés not always such progress, as

immediately are useful and of benefit, which should be considered as especially

important; this character can also be attributed to those which are themselves

less spectacular but form the basis for the others which are then only a further
development of iimy emphasis]?

“8 Available at <http://nobelprize.org/nobel_prizestiitine/laureates/1930/landsteiner-lecture.pdf>.
“9 Available at <http://nobelprize.org/nobel_prizestiitine/laureates/1904/press.html>.
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According to Mdrner, then, scientific discoveries are not sudden acts of cyelagivit
isolated geniuses whose task is then simply to convince the scientific comthanhit
they have stumbled upon the traftBut what is the aim of science relative to which we
make judgments about progress? According to Mdrner (1904):

The aim of science is the acquisition of knowletlye value of which should not
be measured by the ease with which it can be brought immediately into practical
usefulness (my emphasis).

So the aim of science, according to Morner, is the attainment of knowledgesmeses
of progress, then, must be made relative to this aim. As Mdrner (1904) said:

The importance of the activities of these men [i.e., Vesalius and Harvekgfor t
whole of Medical Sciencmust be estimated from the contributions they gave to
the advancement of knowledgey emphasis).

How was this aim achieved in the case of Pavlov? According to Moérner (1904):

In the early days opinions on the course of digestion were speculations as to what
was termed as ‘cooking’ or ‘grinding’ in the stomach, etc. So long as theidgyest
processes could not be observed or investigated directly in the stomiasai no
knowledgecould be obtained (my emphasis).

How did Pavlov help improve upon the state of knowledge in the field? According to

Morner (1904):

An accident turned physiological research in this field in a direction which has
later become very important. In the 1820’s a young man sustained a gunshot
wound in the stomach and developed a gastric fistula which to some extent
permitted the gastric processes to be studied. Observations were carried out on
this man by the American physician W. Beaumont. This accidental path of
investigation, allowing actual observation of processes taking place in the
digestive tract, was later followed by many workers using animathnique is

an important factor in such experiments and has been perfected in a masterly way
by Pavloy whose animals remain in good health, without any injury to the
function of their digestive tract, permitting observation and systematic
investigation over an almost unlimited period (my emphasis).

0 See Zuckerman (1996). See also the quotation Ratherford in Chapter 1.
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According to Morner, then, Pavlov made contributions not only in terms of factual
knowledge about digestion but also in terms of methods and techniques of investigation.
As Moérner (1904) put it:

These methods for the study of the physiology of digestion established by Pavlov
have been taken up by various physiological institutions, but above all much
important work was performed in his own laboratory. From this has followed far-
reachingransformation of our knowledge in this field which has also been
enriched by new fundamental fa¢tsy emphasis).

Why Pavlov was awarded the Nobel Prize in Physiology or Medicine? According to
Morner (1904):

Before Pavlovknowledge in this field was in many respects very imperfect
Pavlov hasorrected earlier erroneous opiniomghich were held even with
regard to the main points within this part of physiology. He has fuetimeched it
with significant datgdmy emphasis).

In addition to contributions in terms of new methods and techniques of study (one, in
particular, became known as the “chronic experiment,” involving intact anirRalglov
corrected erroneous beliefs and added new factual knowledge about the physiology of
digestion. What additional knowledge did Pavlov add to the field?

Before Pavlov’s work it was the general opinion that the gastric secredi®naot
influenced via the nerves connecting the stomach and the central nervous system.
This conception has, however, been shown to be incorrect. Pavlov has
demonstrated that the vagus nerve linking the brain with various thoracic and
abdominal organs contains fibers which during their activity stimulate@ast
secretion and others which have an exactly opposite effect. In this way the
secretion of gastric juice is controlled by the central nervous system raihé ca
influenced from different parts of the body (M6rner, 1904).

So Pavlov exposed erroneous opinions and corrected them. Furthermore:

Pavlov has enriched our knowledgkthe significance and functions of this

important nerve in other respects also. The vagus nerve paths are not, it appears,
the only simulators of gastric secretion. Pavlov has shown that it may also be
influenced through the sympathetic nervous system (Morner, 1904, my emphasis).



45

Pavlov also added to the already existing, yet incomplete, knowledge aboutuke vag
nerve. In addition:

Pavlov has also demonstrated another aspect of the functional association between
the gastric mucous and the nervous system, in the specific excitability of the
mucous membrane itself. Before the work of Pavlov it was supposed that it could
be brought into activity by almost anything within the stomach. Purely

mechanical contact was considered to have this eFagtov demonstrated,

however, that this generally accepted view was incariida reverse is true, the

gastric mucous membrane having a sharply differentiated excitabrlispézial
substances with which it comes into contact. Thus there are relationships
reminiscent of the specific excitability of the sense organs (Mérner, 1904, my
emphasis).

In addition to showing that previously held beliefs were false and corré¢bgng Pavlov
also contributed to physiology by adding new knowledge. According to Mérner (1904):

It is nowknown thanks to Pavlov, that a similar specific excitability is present in
the mucous membrane lining the digestive tract, even though the subject is not
conscious of it, and it acts by influencing the processes of secretion and of
motility of the canal (my emphasis).

Furthermore:

As another aspect of this specific sensitivity of the gastric mucous rapenbne
must consider the remarkable fact, demonstrated by Pavlov, that the amount of
gastric secretion and its digestive strength show certain typicalioasia
dependent upon the quality of the food taken (Mérner, 1904).

This is just a sample of the contributions to the knowledge of the physiology of gastric
secretion and other aspects of the physiology of the stomach made by Pavloer(Mor
1904). Being familiar with the full extent of his contributions, however, Pavlov’s
colleagues could judge that:
Through Pavlov’s work we have obtained a much more extensive and clearer
insight than our previous knowledge could giveWsg have now a fairly
comprehensive view of the influence which the activity of one portion of the
digestive apparatus can exert on another; in other words how the wheels of the

digestive mechanism fit together for the efficient use and advantagehlaidiie
(Morner, 1904, my emphasis).
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Accordingly, Pavlov’s work on digestion was deemed a major contribution to the
progress of physiology by his colleagues. In Pavlov’s case, the reasofsoapistemic
and include revising imperfect knowledge, correcting erroneous opinions, and devising
new methods and techniques for the study of the physiology of digestion. These
epistemic reasons, in terms of the rejection of false beliefs, comefterroneous
opinions, and addition of new knowledge, are the grounds for the judgment that
“Pavlov’s work on digestion has been found to be of great importance for the study of
disease, and undoubtedly fi®gress made in physiological knowledgehis case as
well as in others will lead to a transformation of the concepts of diseases and thei
treatments” (Moérner, 1904, my emphasis). For these reasons, Pavlov was aharded t
1904 Nobel Prize in Physiology or Medicine.
In his Nobel Lecture on the physiology of digestion, Pavlov (1904) identified the
following aim for physiology:
Precise knowledgef what happens to the food entering the organism must be the
subject of ideal physiology, the physiology of the future. Present-day physiology
can but engage in tlmdntinuous accumulation of material for the achievement of
this distant aimimy emphasis)*
After he surveyed the state of knowledge in the field before his contributions and
explained how his contributions added to or corrected existing knowledge, Pavlov judged
that the science of physiology “is making huge progress every day'd{RPdd04).
2.b.v. Krebs’ Discovery of the Citric Acid Cycle
Hans Adolf Krebs (1900-1981) was awarded the Nobel Prize in Physiology or

Medicine in 1953 for his discovery of the citric acid cycle. The PresentatiociSpas

delivered by E. Hammarsten, member of the staff of professors of the Klaolins

*1 Available at <http://nobelprize.org/nobel_prizestiitine/laureates/1904/paviov-lecture.html>.
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Institutet. In his speech, Hammarsten recounted how, before Krebs, no one knew how
individual metabolic processes in the cell are related to each other. As in other
presentation speeches, Hammarsten (1953) surveyed the state of knowledgeld the fie
before the discovery:
It has long beeknownthat the main components of our foods (proteins, fats, and
carbohydrates) are transformed by the living cell into compounds having much
smaller molecules (my emphasis).
And then Hammarsten (1953) said what was lacking:
Much had beeknownabout all this [i.e., metabolic processes of the cell] before
the advent of Hans Adolf Krebs, but tlkisowledgevas concerned only with
details and partial processes here and tivwbody knew how these isolated
reactions were related to each othand no one could present a uniform picture
of a logical overall reaction mechanism (my emphasis).
So how did Krebs improve upon existing knowledge? He did so by producing a uniform
and coherent picture of an overall reaction mechanism. As Hammarsten (1953) put it:
It was Krebs who discovered how these individual reactions are linked to each
other in a cyclic process. He brought udesar understandingf the essential
principle of how the released energy is used for the building up processes which
take place within the cell (my emphasis).
Prior to Krebs’ discovery, it was known that minced animal tissues contain susstanc
that can transfer hydrogen atoms from specific intracellular orgarmis, atich as
succinate, malate, and citrate, to methylene blue dye. Subsequently, it coa®cid
that minced tissue suspensions rapidly oxidize citrate, fumarate, mathsjc@mnate to
carbon dioxide in the presence of oxygen. This discovery was made thanks to a method
for studying the respiratory exchanges of isolated tissues by plaaingjit@s in a

medium in which they could survive for several hours, which was developed by Otto

Warburg (1883-1970). Warburg also designed a micromanometer that could mieasure t

%2 Available at <http://nobelprize.org/nobel_prizestiitine/laureates/1953/press.html>.
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oxygen the tissues absorbed and the carbon dioxide they emitted. Albert Szeni-Gyorgy
(1893-1986) then discovered that adding a small amount of malate or oxaloacetate
stimulates the reduction of more oxygen than is needed to completely oxidize the
substance added. Another part of the sequence was discovered by Franz Knoop (1875-
1946) and Carl Martius (1906-1993). In short, several distinct reactions were @tkentifi

but the relationships between them remained unknown (Holmes, 1993). According to
Hammarsten (1953), it took Krebs’ discovery to make sense of this mishmash of
reactions. As Hammarsten (1953) said in his speech, “Out of the chaos of isolated
reactions Krebs succeeded in extracting the basic system for the épsthtiay of

oxidation process within the cell.”

In his Nobel Lecture, Krebs also surveyed the state of knowledge in the field
before his discovery and described how his discovery improved on it. According to Krebs
(1953), “very little wasknownin the earlier 1930’s about the intermediary stages through
which sugar is oxidized in living cells” (my emphasiHe also described how he
worked out the cyclic nature of this assortment of reactions. He realizeetzén c
organic acids are readily oxidized by muscle. He found that the oxidation of endsge
carbohydrate or pyruvate could be stimulated by a number of specific acidethat ar
substrates of the tricarboxylic acid cycle enzymes. He also redtiaethé succinate to
fumarate reaction is a crucial link in a chain of reactions involving all of the known
catalytically active acids that can stimulate oxidation of pyruvatebs, 1970).

2.c. The Scientific Practice of Assessing Progress
In the 1958 Nobel Lecture for the Nobel Prize in Physiology or Medicine, Edward

Tatum (1909-1975) presented a case history in biomedical research that purported to

%3 Available at <http://nobelprize.org/nobel_prizestiitine/laureates/1953/krebs-lecture.pdf>.
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show that scientific progress depends “on knowledge and concepts provided by
investigators of the past and present all over the world; on the free interchahegeso
within the international scientific community; on the hybrid vigor resultiog cross-
fertilization between disciplines; and [...] on chance, geographical prgxiamtl
opportunity” (Tatum, 1958} It is important to keep in mind that taking a naturalistic
approach does not mean that we now accept at face value such pronouncements as made
by scientists concerning the aims of science and scientific progress. Such
pronouncements will have to be subjected to critical scrutiny. It may be thatophicsl
accounts of scientific progress (which will be discussed in Chapter 3) can acdatem
them after all. Or it may turn out that another account of progress should be advanced. In
any case, it seems that the scientists’ pronouncements cannot simply bé.igsore
Leplin (1997) writes:
Naturalism is not obliged to place scientific practice above critical scrutiny, any
more than scientific practice requires that observational data be taken at face
value Science does not abandon objectivity in treating observations as variously
interpretable and potentially misleading. That practice is ill conceived or
unavailing to the goals of science are possible conclusions of naturaligticyi
Naturalism only requires that such conclusions be empirically based, rather than
preordained by an antecedent, a priori commitment to a particular theory of
method(p. 102, my emphasis).
Devitt (1997) also points out that naturalism does not prevent a reconsideration (p. 76);
for Devitt, of scientific realism, for our purposes, of scientific progress.
What can we learn, then, from the historical investigation into Early Modern
science and the episodes from the history of the Nobel Prize? As we have segiten Cha

2, the Fellows of the Royal Society regarded “natural knowledge” as thef #irair

inquiries into the natural world. For these natural philosophers, pursuing natural

** Available at <http://nobelprize.org/nobel_prizestiitine/laureates/1958/tatum-lecture.html>.
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knowledge was not simply pursuing knowledge for its own sake. Influenced by Bacon,
they sought knowledge “for the glory of God and the benefit of manRiis’for the
episodes from the history of the Nobel Prize, they seem to reveal what maletiétbal
scientific practice of assessing progress.” This practice is embadiled institution of
the Nobel Prize and is clearly couched in epistemic terms, i.e., in terms of dgewe
light of these episodes, the following pattern, based on which scientists make their
judgments about progress, can be discerned:
PROGRESS ASSESSMENT IN SCIENCE

(PA1) Survey the body of knowledge in fidtdat timet prior to discoveryp.

(PA2) Estimate what was known (the body of knowledgé#) att.

(PA3) Identify a lacuna, imprecision or error in the body of knowleddeatt.

(PA4) Spell out howb improved on the body of knowledgeFkby adding new

knowledge, correcting imprecision or exposing errors and correcting them.

Take, for example, the case of Pavlov. A survey of the body of knowledge on the
physiology of digestion before Pavlov’'s work reveals (a) a lacuna in terms ofddagavl
about the function of the digestive canal, the salivary glands, the intestinkal cana
gallbladder, and the role of the nervous system; and (b) erroneous beliefs about the
function of the vagus nerve and gastric secretion and how the gastric mucous membrane
is excited by mechanical contact. Pavlov corrected these erroneous datiefdded new
factual knowledge about the stimulation of gastric secretion by the vagusaneiritee
sympathetic nervous system, the differential excitability of theigamsticous membrane
relative to various substances and a similar one in the case of the mucous membrane

lining the digestive tract. For example, as a result of Pavlov’s work, it is known tha

> See Warner (1994).
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“stimulation of gastric secretion of acid and pepsin and stimulation of pancreatic
secretion of digestive enzymes starts with the anticipation of the imgedta desirable
meal and is mediated by input to the stomach and pancreas from efferent ndmees of t
vagus” (Wood, 2004, p. 327).

The scientific practice of assessing progress also reveals i#aiss take

progress to consist in the accumulation of knowledge of the following sorts:

(EK) Empirical knowledge: Empirical knowledge usually comes in the foir
experimental results, observations, instrumental readings and
measurements, and other sorts of “data.”

(TK) Theoretical knowledge: Theoretical knowledge usually comes ifothe
of explanations and well-confirmed hypotheses.

(PK) Practical knowledge: Practical knowledge usually comes in thredbr
both immediate and long-term practical applications.

(MK) Methodological knowledge: Methodological knowledge usually comes in
the form of methods and techniques of learning about domains in nature.

In the case of Landsteiner’s discovery of blood groups, for example, we have the
accumulation of knowledge of the following sorts:

(EK) knowing that mixing blood from two human beings can lead to blood
clumping or agglutination; knowing that the clumped red cells can crack
and cause toxic reactions.

(TK) knowing that blood clumping is an immunological reaction that occurs

when the recipient of a blood transfusion has antibodies against that donor
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blood cells; knowing that there are distinct blood groups that can be
classified according to the ABO and Rh systems (among others).

(PK) knowing how to determine blood groups and type human blood; knowing
how to carry out safe blood transfusions; knowing how to type dried blood
stains to help solve crimes in which blood stains are left at the scene
(though, nowadays, there are other methods of typing, in addition to
forensic serology, involving other body fluids and DNA).

(MK) knowing how to purify antibodies to study immunological responses and
allergic reactions (since antigens as diverse as bacteria, polles, gnad
foreign red blood cells trigger the synthesis of antibodies in the lymphoid
tissue).

As we have seen in Chapter 2, Landsteiner was deemed worthy of the Nobel Prize
because his discovery led to an increase not only in theoretical knowledge but also in
practical and methodological knowledge. In other words, medical science adydoe

to Landsteiner’s work, not only because of the theoretical knowledge of blood types, but
also because of the practical knowledge of blood transfusions and forensic sexntbgy
the methodological knowledge of antibody purification.

The same reconstructions, it seems, can be made with respect to the other
episodes discussed in Chapter 2. However, instead of doing so here, | will outline them in
later chapters when making further clarifications and considering objections

In the next chapter, | will examine three major types of philosophical accoiunts
scientific progress, namely, semantic accounts, functional-interaatietints, and

epistemic accounts. | will suggest that the first two are problematicdroaturalistic
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point of view. I think that naturalists should articulate an account of progressaihlat w
do justice to the way in which scientists make judgments about progress [i.e., (PAl)-
(PA4)] and the types of knowledge they consider to be important contributions to the
advancement of science [i.e., (EK), (TK), (PK), and (MK)]. After examiregée types
of philosophical accounts of progress, | will suggest that the epistemic acsthmt

most promising insofar as it does justice to the scientific practice dfsasggrogress.
However, the version of the epistemic account | will discuss in Chapter 3, due to
Alexander Bird, will have to be amended in light of the historical investigatiordar to

accommodate the types of knowledge that scientists actually value.
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Chapter 3
The Concept of Progress in Philosophy of Science
In Chapter 2, we have seen that scientists are no strangers to the concept of
scientific progress. Early Modern natural philosophers, particularly thesebf the
Royal Society, considered natural knowledge to be the aim of scientific ingsifgr
modern science, scientists are not only conversant with the concept of progress but al
make evaluative judgments about contributions and discoveries that advance science
This evaluative practice is institutionalized by the Nobel Foundation and thatiostof
the Nobel Prize. As the Nobel Lectures reveal, evaluative judgments abouspragre
discoveries and important contributions to science are couched in epistemid.errims
terms of knowledge. The judgments are usually made by surveying the state of
knowledge in the field in question before the discovery, stating what sort of knowledge
was lacking or what erroneous beliefs were held, and then pointing out how the discovery
improved upon existing knowledge, either by correcting false beliefs or adding ne
knowledge, and how the Nobel Laureates added to the body of knowledge in the field.
| propose that this evaluative practice in science cannot be ignored. Taking a

naturalistic stance, | suggest that naturalists should articulate an acceaieintfic
progress that would do justice to the scientific practice of assessing grdgatisralism
is the view that philosophical accounts of science must be judged against scientific
practice in the same way that scientific theories are judged againsi pagmamena.
From the naturalistic viewpoint, epistemological theories are sciethtdmries. A
philosophical account about the assessment of scientific theories is a theatry a
evaluative practice in science and is responsible to this practice. Sipalarl

philosophical account about the assessment of scientific progress is aathaary
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evaluative practice in science and should be judged relative to this practce. It
important to bear in mind, however, that taking a naturalistic stance does mot mea
accepting whatever scientists say at face value. What they say aboespragd the aim
of science will be subjected to critical scrutiny and skeptical challemifjeseed to be
addressed®

In this chapter, | will discuss what | take to be three of the major types of
cumulative accounts of scientific progress in the philosophy of science. Faglow
Alexander Bird (2007), | will classify them as follows: (a) semaaticounts of progress
take truth to be the aim of science and progress is made when truth is accumulated or
approached (including approximate truth); (b) functional-internalist ace@fiprogress
take problem-solving to be the aim of science and progress is made when puzzle-
solutions are accumulated; (c) epistemic accounts of progress takédisdiantvledge
to be the aim of science and progress is made when scientific knowledgensikded.
In this chapter, | will outline these accounts of progress. Then, in Chapteilldsdav
how these accounts fare when examined against the scientific practicessiag
progress discussed in Chapter 2.
3.a. Semantic Accounts of Progress
3.a.i. Verisimilitude and Truthlikeness

According to Karl Popper, scientists are interested in theories with highieshpi
contents because such theories have great predictive power and are this Festabl
Popper, scientific theories are not inductively inferred from observations ofInatura
phenomena and scientific experimentation is not carried out in order to verify the truth of

such theories. Instead, Popper argues, scientific knowledge is conjectural and

% | will do so in Chapter 5.
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hypothetical. Scientists can only corroborate or falsify their thedsiese there is a
potentially infinite number of theories that can explain a set of natural phenomena in
guestion, scientists can only eliminate the theories that are false. Tmenhé&o
remaining unfalsified theories, they can rationally choose those withehtegr
explanatory and predictive power.

It turns out, according to Popper, that the more improbable a theory is the better it
is scientifically, for then it will be rich in empirical content, and thus it ddod tested in
a number of ways and thereby falsified. Accordingly, scientists are apatierested
in statements that are rich in empirical content and low in probability, but that can
nevertheless get closer to the truth. Popper emphasizes the tests to whieh tagobe
subjected and by means of which they can be falsified or corroborated. He urges that,
even though falsification seems to be a simple principle of logic, it is not seesmpl
practice. When it comes to falsifying hypotheses in practice, it is alpasgble that the
observations are inaccurate or that the accepted background knowledge is flawed.

According to Popper (1979), “the geneaah of rational discussiof..] is to get
nearer to the truth(Popper, 1979, p. 17.However, althoughwe are seekers for
truth,” Popper argueswe are not its possessd(p. 47). The aim of science, then, “is
truth in the sense of better approximation to truth, or greater verisimilitude” (Roppe
1979, p. 57). Popper thinks that the search for verisimilitude is a “more realistiasim,”
he puts it, than the search for truth. With the notion of verisimilitude, Popper (1979) says,
“we can explain the method of science, and much of the history of science, astia rati

procedure of getting nearer to the truth” (p. 58).

*"In the following quotations from Popper, emphasis the original.
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For Popper (1979), “the aim of the scientist is not to discover absolute certainty,
but to discover better and better theories [...] capable of being put to more and more
severe tests” (p. 361). These theories must be falsifiable, according to Popper{@979)
is through their falsification that science progresses” (p. 361). Popper #ngtias
scientific theory is better than its rival when it has a higher level ofsivafitude.” The
notion of verisimilitude is explicated in terms of the logical consequencesaighe
The content of a theory is the totality of its logical consequences, which candedivi
into two classes: (a) the “truth-content” of a theory is the class of atesrstnts that can
be derived from it; (b) the “falsity-content” of a theory is the class oé fetistements that
can be derived from it (which could be empty). Popper proposes two ways of comparing
theories in terms of their verisimilitude. On the qualitative way, if the-tattient and
the falsity-content of; andT, are comparable, thén is closer to the truth thah if and
only if either (a) the truth-content, but not the falsity-content,a$ greater than that of
T, or (b) the falsity-content, but not the truth-contentl o greater than that d&.
Accordingly, T> has a higher level of verisimilitude th@&nif and only if the truth-content
and falsity-content of; andT, are comparable through subclass relationships and either
(a) the truth-content df, includes that off; and the falsity-content dk, (if there is one)
is included in that oT; or (b) the truth-content 4f, includes that of; and the falsity-
content ofT, (if there is one) is included in that ®f (Popper, 1979, pp. 52-53).

On the quantitative way, Popper defines verisimilitude by assigning alues
contents, where the index of the content of a theory is its logical improbabitite Si
there is an inverse relation between content and probability, for Popper, the quantitati

verisimilitude of a statemend”can be formulated as follow¥.qa) = ctr(a) - cte(a).
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V9a) is the verisimilitude oé, cty(a) is the truth-content a&, andctg(a) is the falsity-
content ofa.

Either way, Popper argues, it can be said That “better” thanT, in the sense of
being closer to the truth, evenlif with its higher content is later falsified. On this view,
then, scientific progress is construed in terms of the abandonment of pantialligut
falsified, theories, for theories with a higher level of verisimilitude.&threory to have a
higher level of verisimilitude is for it to approach more closely to the trutls. Aidtion of
verisimilitude allows Popper to argue that science progresses towardtkheytmeans
of the falsification and corroboration of theories. In other words, scientdgress is
progress toward the truth and corroboration is an indicator of verisimilitude.

Critics, such as Pavel Tichy and Adolf Grunbaum, pointed out several problems
with Popper’s formal account of verisimilitude. They showed that the conditions
specified by his formal account of verisimilitude cannot be met (esperidhyg case of
false theories). The details of their objections are not importanthérteat is important,
for present purposes, is Popper’s response. He acknowledged the problems in his formal
account. As Popper (1979) writes: “I must admit at once that my proposed ‘definition of
verisimilitude’ is faulty” (p. 371). Popper insists, however, that verisimiliwate still be
given a formal account. As Popper (1979) writes: “I do think that we should not conclude
from the failure of my attempts to solve the problem that the problem cannot be solved”
(p. 372). He also claimed that he never suggested that “degrees of verisinilifuckn
ever be numerically determined, except in certain limiting cases” (Po§¥&, 4. 59).

He argued that the notion of verisimilitude has a heuristic value, in termsrutits/e

8 See Grunbaum (1976) and Tichy (1974).
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appeal, and thus the absence of a formal account is not fatal and the concept can be
applied in the assessment of scientific progress.

Following Popper, some philosophers of science tried to come up with a formal
account of verisimilitude, whereas others were willing to settle for anna notion of
truthlikeness. Niiniluoto, for example, is one philosopher of science who thought that the
fact that Popper’s account of verisimilitude fails does not mean that the prodterot
be solved. Niiniluoto insists that progress consists in approximations to the truth. He
argues that truthlikeness can be formaliZd@sillos (1999), on the other hand, argues
that formal accounts of truthlikeness fail and that an informal notion will do. FooSsill
a descriptiorD is approximately true dbif there is another sta& such thatSandS
are linked by specific conditions of approximation & true ofS*.

3.a.ii. Kitcher’s Varieties of Progress

As we have seen, Popper argues that scientific progress involves the abandonment
of partially true, but falsified, theories, in favor of theories with a highet tdve
verisimilitude, i.e., theories that approach more closely to the truth. Whether or not
truthlikeness can be formalized is not important for present purposes. For now, it is
important to recognize that the idea that science is making progrestiby geser to
the truth was not abandoned.

Kitcher’'s account of scientific progress may be reasonably seen as diseman
account insofar as it takes truth to be the cognitive aim of science. For Kitchekdrpw
it is not simply truth that scientists aim for, but significant truth. Accortbrigitcher
(1993), “In conceiving of science as progressive we envisage it as a segfience

consensus practices that get better and better with time” (p. 90). To understand t

%9 See Niiniluoto (1984) and (1987).
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progress of science, Kitcher (1993) claims, “we need to be able to articulatéations
among successive consensus practices” (p. 87). What is a consensus practice, then?
According to Kitcher (1993):

Theconsensus practicaf a community at a given time is thus represented by (i)
thecore consensuyshe elements of individual practice common to the individual
practices of all members of the community, (ii) #oknowledgments of authority
(themselves parts of individual practice) shared by all members of the corpmunit
(including, perhaps, criteria for granting deferred authority); (iii) @aoization

of the community into subcommunities recognized as responsible for and
authoritative over particular types of issues, (ivjreual consensyggenerated

from (i) by the incorporation of parts of the consensus practice of subcommunities
in accordance with the relations delineated in (ii) and (iii) (p°38).

The “core consensus,” according to Kitcher (1993), consists of individual practices,
which are, in turn, composed of the following elements:

1. The language that the scientist uses in his professional work.

2. The questions that he identifies as the significant problems of the field.

3. The statements (pictures, diagrams) he accepts about the subjecbfrthtter
field.

4. The set of patterns (or schemata) that underlie those texts that the seieultist
count as explanatory.

5. The standard examples of credible informants plus the criteria of crgdibdi
the scientist uses if appraising the contributions of potential sources of
information relevant to the subject matter of the field.

6. The paradigms of experimentation and observation, together with the instruments
and tools which the scientist takes to be reliable, as well as his criteria f
experimentation, observation, and reliability of instruments.

7. Exemplars of good and faulty scientific reasoning, coupled with the criteria for
assessing proposed statements (the scientist’'s “methodology”) (p. 74).

By “acknowledgment of authority,” Kitcher seems to mean that within ainestientific
community, the views of certain scientist are accepted as authoritativeci@igfis
community is divided into subcommunities, according to Kitcher, where certain

subcommunities are regarded as authoritative on certain issues. The “virt@sisteis

% In the following quotations from Kitcher, emphaisisn the original.
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includes the elements of the consensus that are not explicitly acceptedheynadirhbers
of the community, but would be accepted, in principle, if they were spelled out.

As Kitcher acknowledges, his notion of “consensus practice” and Kuhn’s notion
of “paradigm” (i.e., disciplinary matrix) are similar in several respadowever, he
insists that his notion is not in accordance with what he sees as Kuhn’s comin@me
“significant epistemological differences between the course of scratiue a segment
and the intersegment transitions” (Kitcher, 1993, p. 87, note 39). For Kitcher, pregress i
to be assessed by comparing successive consensus practices within theldafs f
Kitcher (1993) writes: “We judge the progressiveness of a sequence ofgsdnfi
thinking about the pairwise relations between practices” (p. 91). The progress of
consensus practices can be compared based on several distinct dimensions.

In science, according to Kitcher (1993), “What we wasigsificanttruth” (p.
94). He argues that there is no problem with talking about scientific progresm#naie
truth. As Kitcher (1993) observes: “Philosophical reticence about the attatiome
significant truth is the result of a failure of nerve, induced by thinking about thesprobl
in a faulty way” (p. 118). We simply have to realize that “farming the aligsues in
terms of trutifor whole theorieg is misguided and “far too ambitious” (Kitcher, 1993, p.
118). Instead, we have to think in terms of individual statements. For Kitcher (1893), “
significant statement is a potential answer to a significant question” (p. 1B)thg
change of focus in mind, i.e., zooming in on individual statements, rather than taking
scientific theories as monolithic wholes, Kitcher (1993) argues that “Wéatrive for,
when we can get them, dree significant statements, that is, true answers to significant

guestions” (p. 118).
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Kitcher (1993) gives the following examples of true significant statesnéant
“DNA molecules consist of two helical strands, wound around one another in opposite
directions”; (b) “Part of Western California is at the junction of two plttesslide past
one another”; (c) “Gangs of male Florida scrubjays are sometimes axpand the
territories in which they reside” (p. 118). According to Kitcher (1993), (a) rsfeignt
because it answers the significant question, “What is the structure of thie genet
material?” and it is true because it is “a restricted generaizatout the DNA
molecules typically found in cells in nature throughout most of the phases détbt li
the cell,” and counterexamples, such as single-strand DNA molecules useddularole
biology, “fall outside its intended scope” (p. 118). The second example, (b), is sighific
because it plays a role in answering the significant question “Why isaherarthquake
zone in Western California?” And (c) is significant because it plays arraleswering
the significant question “Why do male Florida scrubjays often return to the paresita
and assist in the feeding of siblings?” (p. 119). This does not mean, says Kitcher (1993),
that all the individual statements of science “will endure as parts of the consensus
practices of future fields of science” (p. 119). However, Kitcher thinkshlegbroblem
lies with significance rather than truth. If we turn to scientific jourfrals fifty years
ago, Kitcher says, we will find statements that are more or less tdouethat do not
seem to be significant any longer.

Focusing his account on cognitive progress, where the “most obvious pure
epistemic goal is truth,” and setting aside practical progress (in the gecentributing
to “the relief of man’s estate”) (Kitcher, 1993, pp. 92-93), Kitcher identifiesraé

varieties of scientific progress:
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1. Conceptual progress: “Conceptual progress is made when we adjust the
boundaries of our categories to conform to kinds and when we are able to provide
more adequate specifications of our referents” (Kitcher, 1993, pp. 95-96).

2. Explanatory progress: “Explanatory progress consists in improving our view of
the dependencies of phenomena” (Kitcher, 1993, p. 105).

3. Erotetic progress: “We make erotetic progress when we have an eliytetalh
grounded consensus practice in which we pose genuinely significant questions
that were not previously asked” (Kitcher, 1993, p. 114).

4. Instrumental (experimental) progress: “we maistrumental(or experimentgl
progress by adopting a practice in which the former instrument (technique)
replaces the latter” (Kitcher, 1993, p. 117).

5. Progress in the statements scientists accept: “We make progiesespict to
the set of accepted statements in a number of ways. Sometimes, scientists
eliminate falsehood in favor of truth, abandon the insignificant, add significant
truths, or reconceptualize already accepted truths. Moreover, [...] they often
replace statements that are further from the truth with those that anetoldse
truth” (Kitcher, 1993, p. 117).

6. Methodological progress: “We make progress in our methodological principles by
formulating strategies that give us greater chances of making coatcppigress,
explanatory progress, erotetic progress, or progress in the statementepte a
(Kitcher, 1993, p. 120).

“Conceptual progress,” according to Kitcher (1993), “should be assessed in terms of

proximity to the ideal state” (p. 104). The ideal state is for scientists totbedgllowing
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maxims: (a) Conformity Refer to that which others refer”; (d)laturalism refer to
natural kinds”; (c) Clarity: Refer to that which you can specify” (p. 104). For example,
conceptual progress has been made in the use of the term ‘planet’, according 1o Kitche
because the extension of the term has expanded since pre-Copernican times to include
more members of the kind planet, thereby improving our understanding of what a planet
is. For Kitcher (1993), then, conceptual improvements “come about by abandoning
modes of reference that are not in accord with one of the maxims or by addingahodes
reference that would be in accord with bolérity andnaturalisni (p. 105).

As for explanatory progress, such progress is made when there are improvements
in the explanatory schemata of an earlier consensus practice to a ¢atAsdfitcher
(1993) writes: “Fields of science make explanatory progress when latdicesa
introduce explanatory schemata that are better than those adopted by eatlwmgirg.
106). For Kitcher, these schemata take the form of a question that is answaratkebyf
argumentation. Each of the premises in the schema is a schematic sentaepbaites
non-logical expressions with variables. In addition, there are “filling iastms,” which
may not be explicitly stated, for what sort of entities should figure in the s¢them
Kitcher (1993) identifies the following as instances of explanatory pssgfa) “the
introduction of correct schemata” (p. 109), (b) “the elimination of incorrect sataérfp.
110), (c) “the generalization of schemata, rendering them able to deatlyomidt a
broad type of instances” (p. 109), and (d) “explanatory extension, when the picture of
dependencies is embedded within some larger scheme” (p. 109).

Erotetic progress, according to Kitcher, is progress in terms of askingomgest

that are better and significant. On the one hand, there are what Kitchéapplisation
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guestions.” These are questions that arise as a result of attempts to slexpltrattory
schemata apply to natural phenomena (Kitcher, 1993, p. 112). On the other hand, there
are what Kitcher (1993) calls “presuppositional questions,” which arisa whe
“Instantiations of some accepted schema presuppose the truth of some contrdaersial
(p- 113). This situation, where there is a coherent instantiation of an explanatorgschem
but some of its presuppositions are questionable, generates research to resolve the
apparent tensioff. Erotetic progress is made not only when scientists ask questions that
are more significant but also when scientists ask “more tractable quespof34j.
Scientists make progress in this sense when they substitute vague questior@m&vith m
precise questions. Moreover, “we can make erotetic progress not only by adding
significant new questions but by decomposing some of the significant questions of prior
practice” (p. 115). Given a certain schema, questions may arise about itsatistemt

Instrumental or experimental progress is made, according to Kitcher, when new
instruments or experimental techniques are developed that allow scientissvey a
significant questions. “Instruments and experimental techniques are valceatdiag to
Kitcher (1993), “because they enable us to answer significant questions” (p.n14.7). |
footnote, however, Kitcher (1993) says:

while some of [his] relations of progressiveness concern the attainingaihce

epistemic desiderata, others involve achieving the means for going futtiney. T

if we are making conceptual or explanatory progress we have alreadsedathe

some good things (like the firm that is already making a profit). If wenateng

instrumental or erotetic progress than we have prepared ourselves well for

gathering good things in the future (like the firm that has invested wisakgw
ventures) (p. 117, note 28).

®1In a footnote, Kitcher says that his presuppositiguestions are somewhat similar to Kuhnian ideas
Laudan’s conceptual problems.
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So it seems that Kitcher is claiming that instrumental/experimentéétie, and perhaps
also methodological progress are means to an end, as it were. ThesesuaEHr@gress
facilitate cognitive progress, i.e., conceptual and explanatory progress. & hedily
want in science—the “good things” or the “epistemic desiderata”™—is truth or
verisimilitude. As Kitcher (1993) goes on to say, “Making this conception of progress
precise requires us to look more carefully at progress in the set of accafgatksts: if
we know what counts as improving the set of accepted statements, then we can
characterize instrumental and experimental progress by recognizimgtbased power
of instruments and techniques to deliver improved statements” (p. 117).

By “improved statements,” Kitcher seems to mean statements thabsee td
the truth, for he goes on to discuss verisimilitude in the next section. “Progriess wit
respect to the set of accepted statements,” according to Kitcher (1993), cadebm @
number of ways: (a) when “scientists eliminate falsehood in favor of truth,afiatdon
the insignificant,” (c) “add significant truths,” (d) “reconceptuak#esady accepted
truths,” (e) “replace statements that are further from the truth witle thas are closer to
the truth” (p. 117). Kitcher argues that scientists are not trying to coméhupmversal
generalizations that have no exceptions. Rather, they strive for stat¢ha¢rte true
answers to significant questions. Some of these answers, perhaps even maostarethe
generalizations with restrictions in scope (Kitcher, 1993, p. 118). Such genesabzati
can approximate the truth when later generalizations are restrictionsief @aes that
avoid some of the original false consequences. More explicitly, “if therelasgA
whose members have propeBxcept under rare conditio@s D, ..., then the

generalizations ‘AllA’s areB’ will be relatively close to the truth (exceptions will be
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infrequent)” (p. 121). From there, scientists “will move closer to the truthdbgiatng
the generalization to exclude one or more of the exceptional €adesdtc.) and adding
a true generalization about the properties of tds¢hat are subject to the exceptional
condition” (p. 121).
3.b. Functional-Internalist Accounts of Progress
3.b.i. Kuhn on Progress

Before Thomas Kuhn, the semantic conception of scientific progress, accarding
which science progresses by the increasing approximation of theoriesnahhavas
more or less the prevailing view. According to Kuhn, however, the development of
science is not as uniform as the semantic account would suggest. In the 197#pPtstsc
his seminallhe Structure of Scientific Revolutiofi®62), Kuhn attacks the idea that
scientific theories can be regarded as more or less close to the tmtblarent? For
Kuhn, science has alternating “normal” and “revolutionary” periods. Normal and
revolutionary phases differ not only quantitatively but also qualitatively. Norcreice
resembles the semantic view of scientific progress in terms of itslative aspect.
However, for Kuhn (1996), “the aim of normal science is not major substantive
novelties” (p. 35). Normal science is “puzzle-solving” rather than truthhrgim
According to Kuhn, scientists, just like crossword puzzles enthusiasts, expaste a
reasonable chance of solving the puzzle. That means that, just like puzzle solvers, they
expect that finding solutions to puzzles will depend mostly on their own abilities.
Moreover, the puzzles and the methods used to solve them will be familiar to them. This
is part of the reason why science seems to progress rapidly, according td.B&@)) (

because “its practitioners concentrate on problems that only their own lack miitgge

82| will revisit Kuhn's attack on truth in Chapter 5
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should keep them from solving” (p. 37). Accordingly, normal science can accumulate a
large number of puzzle-solutions because the puzzles and their solutions are familia
the scientists as puzzle solvers.

On the other hand, revolutionary science is not cumulative in this way. According
to Kuhn, scientific revolutions involve a revision of accepted scientific beliefs or
practices. Scientific revolutions, for Kuhn (1996), are “non-cumulative developimenta
episodes in which an older paradigm is replaced in whole or in part by an incompatible
new one” (p. 92). After a scientific revolution, even the achievements of the preceding
period of normal science may not be preserved. Indeed, after a revolution, tscreatis
find themselves without a solution to a problem that previously had a satisfactory
solution in the earlier period of normal science. For example, in the case of mmogist
theory, it “accounted for a number of reactions in which acids were formed by the
combustion of substances like carbon and sulphur,” and it also “explained the decrease of
volume when combustion occurs in a confined volume of air” (Kuhn, 1996, p. 100). This
feature of scientific revolutions is known as a “Kuhn-loss.”

According to Kuhn, normal science progresses just in case the scientific
community is strongly committed to its shared theoretical beliefs, vahsdgjments,
methods, and metaphysical assumptions. These shared commitments are what &uhn call
a “paradigm.” By “paradigm,” Kuhn (1996) means “to suggest that some accepted
examples of actual scientific practice—examples which include law, thegplication,
and instrumentation together—provide models from which spring particular coherent
traditions of scientific research” (p. 10). In the 1969 Postscript, he refersremlipa” as

“disciplinary matrix”: “disciplinary’ because it refers to the commpossession of the
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practitioners of a particular discipline; ‘matrix’ because it is composeddaired
elements of various sorts, each requiring further specification” (Kuhn, 1996, p. 482). F
Kuhn, then, normal science can be progressive when there is a shared commitheent in t
scientific community to the disciplinary matrix. As a result, training essftl scientists
involves an inculcation of the commitment to the disciplinary matrix. However, since
scientists usually have a desire for innovation as well, this createsiat®etween that
desire and the commitment to the disciplinary matrix. Kuhn calls this “thetzdse
Tension.®?

In scientific practice, the conservative commitment to the disciplinatgxma
results in resistance to scientific revolutions, or at least in that revolut®emetsought
after except under unusual circumstances. According to Kuhn, during periods of normal
science, scientists do not try to confirm or disconfirm the fundamental thduates t
constitute the disciplinary matrix. In fact, Kuhn claims that even anomedsu#is will
not bring about a rejection of the assumptions that comprise the disciplinary matri
during normal science. During periods of normal science, anomalies are ignored or
explained away. However, a disciplinary matrix may be in danger when thesevaral
especially challenging anomalies. For an anomaly to be particuiaulyiésome for a
disciplinary matrix, it must undermine the practice of normal science. Forpdea
suppose a widely used instrument turns out to be inadequate insofar as it yieldaiaaccur
results and thereby casts doubt on the underlying theory. Since it is widely useal, nor
science relies on this instrument, and it will be difficult for scientistemdicue using
this instrument confidently. The anomaly must be addressed. If it is not addressed

satisfactorily, then normal science may be in what Kuhn calls a “criste8rling to

83 See Kuhn (1959) and (1977).
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Kuhn (1996), in the case of Ptolemaic astronomy and Aristotelian theory of motion, for
example, “the awareness of anomaly had lasted so long and penetrated so deep that one
can appropriately describe the fields affected by it as in a statevahgrorisis” (p. 67).
A crisis, then, is a pervasive undermining of the confidence in one or more of the
assumptions of the disciplinary matrix.

A scientific revolution takes place when a scientific community responds to a
crisis by revising the disciplinary matrix in such a way that the mostipgessomalies
are eliminated and the most outstanding puzzles are solved. However, Kuhnhasists t
there are no principles for assessing the significance of puzzles andhjoarang
puzzles and their solutions. The decision to revise a disciplinary matrix or tsedeoi
adopt a particular revision is not rational. That is why, according to Kuhn, rerauyi
periods in science are marked by competition. As Kuhn (1996) puts it, the “transfer of
allegiance from paradigm to paradigm is a conversion experience that canoaicioé f
(p- 151). He says that “Individual scientists embrace a new paradigm fortalbsor
reasons and usually for several at once” (p. 152). Some reasons are non-sceciifas
Kepler's sun worship. Others have to do with idiosyncrasies of autobiography and
personality. He also mentions nationalities of leading scientists assfatadmight
influence the outcomes of scientific revolutions. It is important to note, however, that
Kuhn emphasizes that these external factors do not determine the outcomes obrevoluti
in science. He seems to suggest that such factors are internal, espd®alithe puzzle-
solving power of competing theories is concerned.

Kuhn (1996) seems to insist, however, that science does progress, even through

revolutions. As he writes:
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Later scientific theories are better than earlier ones for solving gunzilee often
quite different environments to which they are applied. That is not a relativist’
position, and it displays the sense in which | am a convinced believer in scientific
progress (p. 206).
But he thinks that “Kuhn-losses” present a problem for cumulative views of ficienti
progress, especially those construed in semantic terms (e.g., truth andiNMeds)mFor
Kuhn, in a scientific revolution, the search for an alternative paradigm is nectibgtthe
fact that the current paradigm does not solve certain significant anomadiese,tn
alternative paradigm, worthy of replacing the old one, should solve these anpatalies
least most of them. Now, even though there might be some Kuhn-losses, the alternative
paradigm that will be selected must also keep much of the problem-solving power of the
old paradigm. As Kuhn (1996) puts it:

scientists will be reluctant to embrace [a new paradigm] unless convincaaahat

all-important conditions are being met. First, the new candidate mustgseem t

resolve some outstanding and generally recognized problem that can be met in no

other way. Second, the new paradigm must promise to preserve a relatively large
part of the concrete problem-solving ability that has accrued to science thiugh it

predecessors (p. 169).

The new paradigm must retain much of the problem-solving power of the old paradigm,
especially in terms of quantitative problems, though it may lose some probkingsol
power in terms of qualitative problems, i.e., explanatory power.

For Kuhn, then, scientific revolutions can result in an overall increase in problem-
solving power when the number and significance of the puzzles solved by the new
paradigm is greater than the number and significance of the puzzle-solutions of the old
paradigm, which are no longer available due to a Kuhn-loss. Kuhn insists that none of

this suggests any approximation to truth. Scientific progress, for Kuhn (199@jjeste

in the “list of problems solved by science and the precision of individual problem-



72

solutions [that] grow and grow” (p. 170). He urges that we must give up “the notion,
explicit or implicit, that changes of paradigm carry scientists and those whdriea
them closer and closer to the truth” (p. 170). He explicitly notes that he has bdeh care
not to use the term ‘truth’ (p. 170). And in the 1969 Postscript, he argues that the notion
of approximating or getting closer to truth is meaningless (p. 2062.seems to draw an
analogy between scientific progress and evolution. As Kuhn (1996) writes, “The
developmental process described in this essay has been a process of evolution from
primitive beginnings—a process whose successive stages are chezddigran
increasingly detailed and refined understanding of nature” (p. 170). As in thefcas
evolution, where the development of an organism does not mean that there is a goal to
which the organism is approaching or an ideal that the organism is approximatiag, the
is no ideal truth to which scientific theories are getting closer. Aaogtdi Kuhn,
science improves when theories develop in response to problems and progress is
measured by the success of theories in solving those problems.
3.b.ii. Laudan on Progress

Like Kuhn, Larry Laudan is also skeptical of accounts of scientific progness i
terms of the accumulation of (approximate) truth. If we insist, Laudan (1971@&sarg
“that theories are designed only to explain ‘facts’ (i.e., true statemmmis e world),
we shall find ourselves unable to explain most of the theoretical activityhwhgtaken
place in science” (p. 16). He advances an account of progress in terms of teeprobl
solving effectiveness of theories. Laudan distinguishes two kinds of problemsseampi

and conceptual—though he admits that there is a continuum between these two kinds of

% | will revisit to this argument in Chapter 5.
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problems. Nonetheless, he explicates the two extreme ends of the continuum fee the sa
of simplicity (Laudan, 1977, p. 48).

According to Laudan (1977), empirical problems are first-order problEhese
are the kinds of problems that are unreflectively associated with scientteaindncern
the subject matter of scientific theories. As he writes, they concerrtagybout the
natural world which strikes us as odd, or otherwise in need of explanation” {3.H&).
calls them “empirical problems” because “tveat empirical problems as if they were
problems about the world” (p. 15). We determine “the adequacy of solutions to empirical
problems,” according to Laudan, “by studying the objects in the domain” (p. 15). He says
that he does not mean that empirical problems are extra-theoretical fattstdre calls
“state of affairs.” He says that empirical problems are not to be understotais w
“directly given by the world as veridical bits of unambiguous data” (p. 15). Rathe
empirical problems, and problems of all sortwjse within a certain context of inquiry
and are partly defined by that context” (p. 15). In other words, problems are to be thought
of as constructs rather than as “facts” in the domain in question. For Laudan, this
distinction is significant partly because a problem can have a solution thatngenot t
That is, there can be problems that do not correspond to anything in the world, even
though scientists may believe that they do. For Laudan (1977), “all that is requirad is t
it bethought to bean actual state of affairs by some agent” (p. 16). And elsewhere
Laudan (1981a) writes, “a theory solves an empirical problem when it entailg, \aith
approximately initial and boundary conditions, a statement of the problem” (p. 148). This
is a crucial point. For Laudan, probldms solved by theor§y whenP can be deduced

from T. Laudan does not require thats true. Nor does he require tliats even a real

% In the following quotations from Laudan, emphasis the original.
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problem. So, to use Laudan’s example, Nicole d’'Oresme believed that diamonds can be
split by hot goat’s blood. On Laudan’s view, if d’Oresme were to come up with a theory
from which the splitting of diamonds by hot goat’s blood can be deduced, he would have
a solution to the problem. Laudan would also give credit to Galileo for solving the
problem of falling bodies, “even though [Galileo’s] solution holds only if the ratibeof t
distance of fall is to the distance to the center of the earth is zero” (LOS=e 2 121).

Laudan (1977) divides empirical problems into three types:uii$plved
problems—those empirical problems which have not yet been adequately soleey by
theory; (2)solved problems-those empirical problems which have been adequately
solved by a theory; (33nomalous problemsthose empirical problems which a
particular theory has not solved, but which one or more of its competitors have” (p. 17).
Unlike Kuhn, Laudan does not consider as anomalies only those observations that
contradict the theory in question. For Laudan, problems that contradict a thenoy are
considered anomalies unless a rival theory has solved them. Anomalous problems,
according to Laudan (1977), count as “evideagainsta theory, and unsolved
[problems] simply indicate lines for future theoretical inquiry” (p. 18).

As far as scientific progress is concerned, the important empirical prelale
those that have a solution. As Laudan (1977) writase ‘of the hallmarks of scientific
progress is the transformation of anomalous and unsolved empirical problems into
solved onés(p. 18). According to Laudan (1977):

a theory may solve a problem so long as it entails even an approximate stateme

of the problem; in determining if a theory solves a problem,irrelevant

whether the theory is true or false, well or poorly confirmelat counts as a

solution to a problem at once time will not necessarily be regarded as such at all
times (pp. 22-23).
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According to Laudan, then, for a thedryo solve a problem is for the statement of the
problem to be deduced from Laudan seems to want to acknowledge that many results
in science are approximations rather than exact matches to the predictiortsymade
theories. However, this seems to suggest that two theories can solve a problem even if
their solutions “are formally inconsistent” (p. 24). Hence, for Laudan, a coltdia
problem need not be and should not be considered as correct. As Laudan (1977) writes,
“one need not, and scientists generally do not, consider matters of truth andwiadsity
determining whether a theory does or does not solve a particular empiricangi¢pl
24). For example, “Lavoisier’s theory of oxidation, whatever its truth status, stlwed t
problem of why iron is heavier after being heated than before” (pp. 24-25). Iralyener
“any theory, T, can be regarded as having solved an empirical problem, if T functions
(significantly) in any schema of inference whose conclusion is a statement of the
problent (p. 25). In addition, solutions to problems may count as solutions even if they
are not permanent. For example, “given eighteenth-century standards of exypairim
accuracy and canons for adequacy of problem solution, the kinetic theory wasya far cr
from an adequate problem solver, especially so far as certain ranges ofrdata we
concerned” (pp. 24-25). This resulted, according to Laudan, in the development of
solutions that met contemporary standards of problem solving, and he cites van der
Waals’ equation as an exampfe.

Conceptual problems, according to Laudan (1977), “are higher order questions
about the well-foundedness of the conceptual structures (e.g., theories) which Imave bee

devised to answer the first order questions” (p. 48). They are “characsevisticzories

% Johannes Diderik van der Waals’ (1837-1923) eqnas an equation of state, which is an equatian th
relates the pressupe volumeV, and thermodynamic temperatdref an amount of substannoeThe
simplest equation of state is the Ideal Gas Lawilllsay more about this in Chapter 7.
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and have no existence independent of the theories which exhibit them” (p. 48). There are
two ways in which conceptual problems arise for a thelyrgccording to Laudan: (a)
“WhenT exhibits certain internal inconsistencies, or when its basic categoaesalgsis
are vague and unclear; theseiaternal conceptual problertis(b) “When T is in
conflict with another theory or doctrin€,, which proponents of believe to be
rationally well founded; these aexternal conceptual problerng. 49).

Among internal conceptual problems, Laudan (1977) identifies two types:llogica
inconsistency within a theory anddnceptual ambiguity or circularity within the thebry
(p. 49). Both types are “important in the process of theory appraisal,” but not asaimport
as external conceptual problems (p. 50). According to Laudan (1977), “the ambiguity of
concepts is a matter of degree rather than kind” (p. 49). He thinks that “Someafegree
ambiguity is probably ineliminable in any except the most vigorously axipedat
theories” (p. 49). Since ambiguity is ineliminable, according to Laudan, arad/it m
sometimes even be advantageous, only “systematic and chronic ambiguitylarityrc
within a theory [is] highly disadvantageous” (p. 49). One important way of aduyessi
internal inconsistencies is by the “increase of the conceptual a@@tyheory through
careful clarifications and specifications of meaning” (p. 50). William Wé#ikecalled it
“the explication of conceptions,” and Laudan seems to agree that it is “one of the most
important ways in which science progresses” (p. 50).

Laudan contends that external conceptual problems have been more important
historically than internal problems. He identifies three types of exteonaeptual
problems: inconsistency, implausibility, and mere compatibility. As an pbeaot

inconsistency, he gives Ptolemy’s system, which, according to Laudan (19d@@), ma
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“assumptions about the behavior of celestial bodies (e.g., the hypothesis that certa
planets move around empty points in space, that planets do not always move at constant
speed, and the like) which were in flagrant contradiction with the then universally
accepted physical and cosmological theories about the nature and motion of grdyheav
bodies” (pp. 51-52). Two theories may be logically compatible but jointly imiblieus
according to Laudan, “when the acceptance of either one makes it less pliuagitile
other is acceptable” (p. 52). As an example of joint implausibility, he gieehamistic,
“Cartesian inspired theories of physiology,” which were “consistett M&wtonian
physics,” according to Laudan, “but it did seem highly implausible, given Neavtoni
physics, that a system as complex as living organism could function with onlyedlimi
range of the processes exhibited in the inorganic realm” (p. 52). Mere cbifitgas a
problem “when a theory emerges which ought to reinforce another theory, bta fiols

so and is merely compatible with it” (p. 53). That is, an external conceptual problem
arises whefT; is expected to reinforck when, in fact, it turns out thab is merely
compatible withT,, i.e., T, entails nothing abou;. For example, Laudan says, in the
seventeenth century, “it was expected that any physical theory should beepositi
relevant to, and not merely compatible with, Christian theology” (p. 54).

According to Laudan, the problem-solving function of theories is defined by the
number and importance of solved empirical problems relative to the number and
importance of the anomalies and conceptual problems that they generate. Hbyv exact
this may be carried out requires some further explanation of Laudan’s weig/itenig.cr

His weighting criteria are to be understood as guidelines for weightinteprsb
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rationally. Laudan (1977) emphasizes that he is interested icdtretively rational
weightingof scientific problems” (p. 32).

According to Laudan (1977), in “a domain in which no adequate, systematic
theories have yet been developed, almost all empirical problems are on a par” (p. 33).
When there are a number of theories, however, then they can be weighted. Laudan lists
eight weighting criteria. As for conceptual problems, which are more isgniifthan
empirical problems, other things being equal, “the greater the tension betveeen tw
theories, the weightier the problem will be” (p. 65). Where there is a tensioadretwo
theories, the significance of this tension Telis proportional to the degree of the
problem-solving ability ofl,. When the problem-solving effectivenessTohas been
demonstrated, its compatibility withy will be weighted most heavily. Moreover, if there
are two competing, rather than complementary, theoriesnd T, that “exhibit thesame
conceptual problem(s), then those problems count no more against one than against the
other and become relatively insignificant in the context of comparative theorgisal”

(p. 65). However, Laudan says, Tif generates certain conceptual problems wiijch
does not, then those problems becomes highly significant in the appraisal of the relative
merits of T, andT,” (p. 65).

For Laudan (1977),the problem-solving effectiveness of a theory depends on the
balance it strikes between its solved problems and its unresolved proe®s).

Assessing progress is a comparative matter. It is useful, however, to lthginensingle
empirical problem solved by a theoryl;“has solved its initial empirical problem,and
to that extent, we can say that ‘progress’ has been made” (p. 67). This is pratgyess

in any robust sense. For Laudan, we must consider “problem-solving effecsivenes
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which requires taking the weights and significance of problems into consideratibe. A
writes: ‘the overall problem-solving effectiveness of a theory is determined by agsessi
the number and importance of the empirical problems which the theory solves and
deducing therefrom the number and importance of the anomalies and conceptual
problems which the theory generdtgs. 68). Then, Laudan says, we can have “a
rudimentary notion of scientific progress.” “Given that the aim of sciengeldem
solving,” according to Laudanpfogress can occur if and only if the succession of
scientific theories in any domain shows an increasing degree of problem solving
effectivenesqp. 68). According to Laudan, there “are many ways in which such
progress can occur” (p. 68). Firgt, can be replaced bl,, which solves more empirical
problems, and thus bring about “an expansion of the domain of solved empirical
problems” (p. 68). Second,can be modified so that the modification “eliminates some
troublesome anomalies or which resolves some conceptual problems” (p. 68). Third,
progress occurs “as a result of all the relevant variables shifting subtly” (p. 68)

This problem-solving account of progress, according to Laudan (1977), tells us
“how to evaluate the problem-solving effectiveness of individual theories” (p. 107).
However, as will be important for present purposes, what if we require a smak-or fi
grained analysis of episodes from the history of science? “Localizing tios 06t
progress to specific situations rather than to large stretches of time, nLautkss, “we
can say thaany time we modify a theory or replace it by another theory, that change is
progressive if and only if the later version is a more effective problem soivbe(sense
just defined) than its predecess{p. 68). The sense just defined, as mentioned above, is

that “progress can occur if and only if the succession of scientific theories in any domain
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shows an increasing degree of problem solving effective(e$8). Laudan emphasizes
that progress is defined as comparative superiority in problem solving. As Laudaj (1977
writes:
All evaluations of research traditions and theories must be mitltia a
comparative contexiWhat matters is not, in some absolute sense, how effective
or progressive a tradition or theory is, but, rather, how its effectiveness or
progressiveness compares with its competitors (p. 120).
Progress, then, must be assessed comparatively, i.e., the progressivenese®btheor
research traditions must be assessed by comparing the weighted numbengjitical
problems solved by; minus the weighted number of the anomalies and the conceptual
problems ofT; with the weighted number of the empirical problems solve@,lginus
the weighted number of the anomalies and the conceptual probl@ms of
Laudan’s account of progress in terms of problem-solving is motivated in part by
his contention that attempts to articulate semantic accounts of prograsssrote
approximations to truth have failed. According to Laudan (1977), “no one has been able
even to say what it would mean to be ‘closer to the truth’, let alone to offer chiteria
determining how we could assess such proximity” (pp. 125-126). Laudan does not object
to the cumulative aspect of semantic accounts. He accepts that there m@ndbmeads
that run through the history of scienc#:i$ basically the shared empirical problems
which establish the important connections between successive research traffitions
140). This allows for much continuity in an evolving research traditierart one stage
to the next Laudan says, “there is a preservation of most of the crucial assumptions of
the research traditions” (p. 98). He seems to think, however, that mere accumsilation i

not sufficient for progress. He wants to construe progress in terms of the scopedf solve

problems. For Laudan, the following are the core assumptions of a problem-solving
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account of progress: “(Ihe solved problemempirical or conceptuatis the basic unit

of scientific progressand (2)the aim of science is to maximize the scope of solved
empirical problems, while minimizing the scope of anomalous and conceptual problems
(p. 66).

The trouble is that Laudan (1977) does not explicitly say what he means by
“scope,” only that the “more numerous and weightier the problems are which a theory
can adequately solve, the better it is” (p. 66). So, it seems that by “scope” Lag@ias m
the weighted number of adequately solved problems. When assessing progress, then, the
numbers of solved and unsolved problems alone are not enough to evaluate the relative
progress of theories. We must take into consideration the significance obrselarid
solved and unsolved problems as well.

It is noteworthy that in later chapters, Laudan begins talks about research
traditions and admits that he used the term ‘theory’ on some occasions in eapiersh
to talk about research traditions (Laudan, 1977, p. 69). So far, | have assumed that when
Laudan talks about tensions between theories, he means theories from onk researc
tradition that are in conflict with theories from another research traditince bie gives
examples of theories from different domains when he talks about conceptual problems.
For Laudan, a research tradition is not merely the sum of the individual thbatiese
part it. The theories of a certain research tradition partially corstind exemplify it. A
research tradition “provides a set of guidelines for the development of spleedrees”

(p- 79). It is “associated with a series of specific theories, each of vehilgsigned to
particularize the ontology of the research tradition and to illustrate, diysdsis

methodology” (p. 81). Theories are “empirically testable for they will Eqtai
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conjunction with other specific theories) some precise predictions,” accdodiragidan,
whereas research traditioraré neither explanatory, nor predictive, nor directly

testablé (pp. 81-82). A research tradition may be recognized by some of its other
characteristics, however, such as “thetaphysicahndmethodologicacommitments

which, as an ensemble, individuate the research tradition and distinguish it from others”
(p. 79).

The methodological components of the research tradition specify the “legitimate
methods of inquirgpen to a researcher within that tradition,” including “experimental
techniques, modes of theoretical testing and evaluation, and the like” (Laudan, 1977, p.
79). As Laudan puts it:d research tradition is thus a set of ontological and
methodological ‘do’s’ and ‘don’t§’(p. 80). It seems unclear how this claim fits with
Laudan’s insistence that “Every research tradition has a number of spieeties
which exemplify and partially constitute it” (p. 78). Perhaps what he meamet is t
research traditions are constituted by individual theories as well as roletticd! and
ontological assumptions.

What Laudan calls the “evolution of research traditions,” then, seems to involve
changes of the component theories of the research tradition. These changes are
prerequisites for progress because problem-solving effectivenesases@nly when
individual theories are changed or new ones are added. As Laudan (1977) writes, the
“most obvious way a research tradition changes & imypdification of some of its
subordinate, specific theorief. 96). Such modifications can be achieved by slight
“alterations in previous theories, modifications of boundary conditions, revisions of

constants of proportionality, minor refinements of terminology, expansion of the
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classificatory network or a theory to encompass newly discovered processdities”
(p- 96). Nevertheless, the overall research tradition is being altered hather t
overturned.

Unlike Kuhn'’s paradigms (i.e., disciplinary matrix) and Lakatos’ research
programmes, where, if the fundamental commitments are changed, then aadignpa
or programme emerges, it seems that Laudan’s research traditionswras cluanges in
their core elements. However, at the same time, Laudan (1977) also sagsttiaah
elements of a research tradition are sacrosanct, and thus cannot be rejactied wi
repudiation of the tradition itself’ (p. 99). This apparent tension is dealt with Isinsi
that ‘the set of elements falling in this (unrejectable) class changes throughpind®).
As examples, Laudan cites the “Cartesian and Newtonian research tradpi®9).

To sum up, assessing scientific progress is a comparative exerciselflan. We
have to look at the problem-solving effectiveness of a later theory and compatteeit
problem-solving effectiveness of its predecessor. If the later theogyligher problem-
solving effectiveness, where problem-solving effectiveness is constrteunis of the
number and significance of solved empirical problems relative to the number and
significance of the anomalies and conceptual problems that the theoriestgethen
progress has been made. Again, as Laudan (1981a) puts it:

the aim of science is to secure theories with a high problem-solving effeciivenes

From this perspectivecience progresses just in case successive theories solve

more problems than their predecess(ps145).

For Laudan, then, the aim of science is not true theories, but rather theories gth hig

degrees of problem-solving effectivenés.

87 Another account of progress that should be meetiphut may be subsumed under the heading of
“functional-internalist” accounts, is Imre Lakatasethodology of scientific research programmes.
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3.c. The Epistemic Account of Scientific Progress
So far, we have seen accounts of scientific progress that focus exclusively on
(approximate) truth, on the one hand, and accounts of progress that aim to avoid talk
about truth altogether, on the other. On semantic accounts, the units of progress are
(approximate) truths. On functional-internalist accounts, the units of progrgaszate-
solutions. In light of the historical investigation of Chapter 2, however, it seghes r
peculiar that philosophers of science rarely talk explicitly about seeektibwledge and
its growth. As Kitcher (2002) observes:
Almost everybody seems to agree that the sciences constitute the richesisin
extensive body of human knowledge, and scientists routinely talk of “what we
now know.” Within the philosophy of science, however, there is little explicit
discussion of scientific knowledge (p. 385).
As we have seen in Chapter 2, the idea of the growth of knowledge is quite dominant in
the history of science, at least from the Early Modern period. It may lesltback to
Francis Bacon, whodestauratio magng1620) frontispiece declaresvitlti
pertransibunt et augebitur scienti&® More recently, George Sarton (1927) expressed
the idea as follows:The acquisition and systematization of positive knowledge is the
only human activity which is truly cumulative and progresdivep. 3-4, original
emphasis). Sarton also thought that scientific progress was intrinsickéy to social

and political progress. That seems questionable. Our focus here remaingacientif

progress and the growth of scientific knowledge.

According to Lakatos, a research program is prajngswvhen it increases in content that has indegand
corroboration. A research programme may be degeéngr&iowever, when it obeys the negative heuristic
to protect the hard core by reducing its scopaldiregad hochypotheses. See Lakatos (1978). In addition,
Leplin (1981) has argued that “there is a form migpess that consists in extension of the scope of
observation, in the ability to observe newly poatiedi entities” (p. 206).

% The Hebrew passage in Daniel 12:4 reads “many slaader, and knowledge shall increase.”



85

A contemporary exception to the trend noted by Kitcher is Alexander Bird.
According to Bird, the answer to the question “What is scientific progréssety
simple. As Bird (2007) writes:
Science (or some particular scientific field or theory) makes progresisely
when it shows the accumulation of scientific knowledge; an episode in science is
progressive when at the end of the episode there is more knowledge than at the
beginning (p. 64).
As Bird admits, and as we have seen in Chapter 2, this conception of scientifispisgre
not original. However, Bird is also puzzled by the fact that philosophers of stianee
ignored it, at least since Kuhnl$e Structure of Scientific Revolutiaii®62).
Bird (2008) distinguishes between the following accounts of scientific pmogres

(In this chapter, | have followed his classification of accounts of scieptifigress):

(E) An episode constitutes scientific progress precisely when it shews t
accumulation of scientific knowledge. [Epistemic account of progress]

(S) An episode constitutes scientific progress precisely when it €thshows

the accumulation of true scientific belief, or (b) shows increasingappation

to true scientific belief. [Semantic account of progress]

(FI) An episode shows scientific progress precisely when it achieeEdic

goal of science, where that goal is such that its achievement can be detdmynine

scientists at that time (e.g., solving scientific puzzles) [Functionahiglist

account of progress] (p. 279).
By considering several cases, Bird (2007) argues that (i) “our intuitions abotiewhet
there is progress show that progress matches changes in knowledge, but natichange
truth or in problem-solving,” (ii) (S) “has no theoretical advantages over” (E), @nd (i
“the alleged reasons for taking [(FI)] do not stand up to scrutiny” (p. 65).

Against (S), Bird (2007) propounds the following arguments, which show that

cases of increase in truth, without justification, are not cases of progress, Therease

in truth alone is not sufficient for progress.
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. A sequence of lucky guesses or irrational beliefs with increasingmitisde

will be progressive on (S). Intuitively, however, and on (E), it is not.

. Suppose a scientific community accidentally forms approximately truefdeli

based on an irrational method. One scientist realizes that the method is irrational
and the scientific community rejects its previously held beliefs. On (S), this
community was making progress, and then regressed (after it was discovered tha
the method is irrational). Intuitively, however, and on (E), this community made
progress after the discovery that the method is irrational.

. Suppose that we were to discover that there are entities answering to René
Blondlot’'s description of N-rays. On (S), this would be a case of progress because
the belief is true. But Blondlot’s reasons for positing N-rays were gntirel

spurious and irrational, hence not knowledge. (Apparently, his belief was largely
the result of self-deception.)

. On (S), it would have been more progressive to have accepted Alfred Wegener's
theory of continental drift at the time. On (E), however, it was rational to igject

or at least suspend judgment, at the time because Wegener didn’t havenslyfficie
compelling evidence in its support.

According to Bird, these arguments show that increase in truth is not suffaient

progress. As Bird (2007) writes: (S) “yields a verdict about progress inrckitais of

case [i.e., cases of beliefs with insufficient epistemic support] that is atatthdsur

intuitions” (p. 65). These intuitions, according to Bird, “imply that epistemic

characteristics are essential to progress” (p. 65).

Against (FI), Bird (2007) puts forward the following arguments, which show that

cases of increase in puzzle-solutions, without increase in truth, are not instances of

progress. That is, increase in problem-solving function does not constitute progress.

1. According to Kuhn, a puzzle is solved when a proposed solution is sufficiently

similar to a relevant paradigmatic puzzle-solution. The key factor in choosing a
new paradigm is its ability to preserve as far as possible the problemgsolvi

power of its predecessor while permitting the solution or dissolution of as many
outstanding anomalies as possible. On Kuhn’s view, then, if Nicole d’Oresme can
“solve the problem” of how to split diamonds using hot goat’s blood by coming
up with a solution that is sufficiently similar to an appropriate paradigen, hie

has made progress. Now, suppose that someone shows that Oresme’s solution
cannot work. On Kuhn’s view, we had a solution before, now we have none; that
is regress. Intuitively, however, and on (E), that person contributed to progress in
a small way, by giving us knowledge that something previously thought true is
actually false. Oresme’s false solution to a false problem is not prpgtetke
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knowledge that his false solution is indeed false is some small contribution to
progress.

2. According to Laudan, a problehis solved byl when one can deduce a
statement oP from T (T doesn’t have to be truf;may not even existf.On
Laudan’s view, then, if Nicole d’Oresme can “solve the problem” of how to split
diamonds using hot goat’s blood by coming up with a theory from which he can
deduce the splitting of diamonds by hot goat’s blood, then he has made progress.
Now, suppose that someone shows that Oresme’s solution cannot work. On
Laudan’s view, we had a solution before, now we have none; that is regress.
Intuitively, however, and on (E), that person contributed to progress in a small
way, by giving us knowledge that something previously thought true is false.
Oresme’s false solution to a false problem is not progress, but the knowledge that
his false solution is indeed false is some small contribution to progress.

According to Bird, these arguments show that increase in problem-solvingfuisctiot
constitutive of progress. Kuhn and Laudan accept contributions to scientific griuaes
do not involve knowledge. Laudan thinks we never have scientific (theoretical)
knowledge because of the Pessimistic Meta-Induction and Kuhn is critical rodtibas
of truth and verisimilitudé* Kuhn’s account of scientific change is an attempt to remain
neutral with respect to truth and knowledge. However, as Bird argues, collexdtaeats
and observations are contributions to scientific knowledge, even though they are not
solutions to puzzles and they may not be very exciting. As Bird (2007) writes:
It is clear that not all scientific knowledge is a matter of knowing the solution to
some puzzle. Astronomers and naturalists of the eighteenth and nineteenth

century spent lives collecting data on stars and comets, or on new species and
habitats. These were contributions, albeit not dramatic, to scientific psogites

%9 Recall that, for Kuhn, exemplars, rather thanapplication of rules, play a dominant role in st
cognition. A puzzle-solution may be accepted or aotording to Kuhn, depending on its similarity to
paradigmatic puzzle-solutions. For Kuhn, deterngrtime similarities between puzzle-solutions isanot
matter of following or applying rules. See Bird (&0).

0 According to Laudan (1981a), “the problem-solvamproach allows a problem solution to be crediced t
a theory, independent of how well established ety is, just so long as the theory stands irriice
formal relation to (a statement of) the problem”148). In that respect, Laudan’s account is lilaripel’s
Deductive-Nomological model of explanation (at tesigerficially) to the extent that, accordinghe DN
model, “theexplanandunii.e., a statement describing the phenomenon &xpkined] must be a logical
consequence of trexplanandi.e., the class of those statements that arecattio account for the
phenomenon]” (Hempel, 1965, pp. 247-148).

L1 will revisit these arguments in Chapter 5.
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the same time there are serendipitous discoveries that progress sciesee who
importance is clear without their being solutions to any puzzles (p. 68).

For Bird (2007), “it is natural to think that success in problem-solviegigdence fothe
progress of science, when the latter is understood as the accumulation of knowlpdge” (p
68-69).

Furthermore, Bird argues, on Kuhn’s view, scientific change (revolutions) is not
progressive in any straightforward way. For Kuhn, there is progress througliti@ave|
because the new paradigm may solve more problems than its predecessor. However, as
Bird argues, while the later paradigm may solve more problems, it need not solve (or
dissolve) all the problems that were previously solved. For example, Rritieipia
philosophiag(1644), Descartes explains planetary motion in terms of his vortex theory.
This theory accounts for the motion of the planets by postulating the existence of
vortices, it explains why the planets are co-planar and have the samefsetsgion,
and it provides an account of the mechanical causes of gravity. Isaac Newton (1642-
1727) criticizes Descartes’ vortex theory in Blslosophia naturalis principia
mathematicg1687). In the General Scholium to Book Il in the second edition of the
Principia (1713), Newton argues that the “hypothesis of vortices is pressed with many
difficulties” (Cohen & Whitman, 1999, p. 940). He then goes on to propose his own
theory of gravity in Book IlI.

On Kuhn’s view, in this episode of scientific change from Descartes’ theory t
Newton'’s theory, there seems to be a loss of puzzle-solutions, for the puzzles about the
co-planar motion of the planets, their similar sense of rotation, and the mechaungesd c
of gravity do not have a Newtonian solution. This reduction in problem-solving function

is known as a “Kuhn-loss.” On Kuhn’s view, it seems that we would have to say that the
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Descartes-Newton episode is not progressive despite the impressive aehisveim
Newton’s theory. To describe this episode as progressive in Kuhnian terms, one would
have to claim that progress occurred despite loss of problem-solving functionern oth
words, one would have to claim that the Newtonian theory provided more solutions to
other puzzles that outweigh the aforementioned loss. That, in turn, would require that one
be able to individuate puzzle-solutions, quantity problem-solving function, and be able to
weigh the relative importance of puzzle-solutions.

To see the problem, we have to consider this episode in more detail. Descartes’
vortex theory explains celestial phenomena, including planetary orbits and tbe ofoti
comets, by positing the existence of vortices. A vortex is a circling baratmiscles.
Planets and comets are situated in these huge vortices. The Cartesian ptéogma is
network of vortices. The vortex bands consist of either primary or secondary matter
(subtle matter). Macroscopic bodies are composed of tertiary matter. scarf@s, these
three kinds of matter, along with his laws of nature, account for celestial para@s
well as for gravity.

According to Descartes, a planet (or a comet) becomes situated in a Viogtex w
its outward tendencycnatu$ to escape the center of rotation (centrifugal force) is
matched by a tendency of the subtle matter that composes the vortex. Iheétéspla
centrifugal force is greater than that of the minute corpuscles of the vbeeaxt will
ascend to a higher vortex. If the planet’s centrifugal force is weaker thiaof tine
minute corpuscles of the vortex, then it will descend to a lower vortex. This explains

gravity, according to Descartes, for the minute corpuscles around tharearth
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responsible for terrestrial gravity in essentially the same way. Asalies writes in Part
IV of his Principia, entitled “Of the Earth”:

Although the particles of heavenly matter are agitated at the sambytimany

diverse movements, yet all of their actions harmonize and, as it were,

counterbalance one another in such a way that, due solely to their encounter with
the bulk of the earth which resists their movements, they strive to move away
equally in all directions from its vicinity, as if from its centre; unllegshance

some exterior cause introduces diversity into this matter (Miller 8ekilL983,

pp. 193-194).

For Descartes, then, terrestrial gravity is the result of a mechamtieadtion or motion

of the minute corpuscles (subtle matter) that are whirling around the earth, ard whos
centrifugal force propels other corpuscles (tertiary matter) tovaarddrth. The vortex
theory not only describes in detail the mechanical causes of gravity but alsoexgigi
the planets are co-planar and have the same sense of rotation.

Evidently, Newton wrote hiBrincipia with DescartesPrincipia in mind. First,
whereas Descartes wrote the principles of philosophy, Newton sought to improve upon
Descartes’ work by writing themathematicaprinciples ofnatural philosophy (Cohen,
19854, p. 211). Second, Newton argues that Descartes’ vortex theory cannot possibly
explain celestial phenomena. In the Scholium to Book Il, Newton writes:

The hypothesis of vortices is ultimately irreconcilable with astrondmica

phenomena, and rather serves to perplex than explain heavenly motions. How

these motions are performed in free spaces without vortices, may be understood
by the first Book, and | shall now more fully treat of it in the following Book

(Cohen & Whitman, 1999, p. 392).

Newton demonstrates that vortices cannot yield a planetary system thmtsetits in
accordance with Kepler’'s laws. Furthermore, he shows that “a vortex cannatlbe a s

sustaining system, but continues in uniform motion only as long as an external force

continues to turn its central body” (Westfall, 1971, p. 153).
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Newton’sPrincipia offers an impressive unification of natural phenomena. It
shows how Copernicus’ heliocentric system, Kepler’'s laws of planetary matidn, a
Galileo’s analysis of acceleration and parabolic trajectories amtisequences of one
universal law. According to Cohen (1985a), Newton

shows that a single universal force (a) keeps the planets in their orbits around the

sun, (b) holds the satellites in their orbits, (c) causes falling objects tendess

observed, (d) holds objects on the earth, and (e) causes the tides. It is the force

calleduniversal gravity and its fundamental law may be writler G mm/D?

(p. 146).

According to the law of universal gravitation, there is a mutual attraiciree between
any two bodies, which attract each other with a force that is directly prapairto the
product of their masses and inversely proportional to the square of the distance that
separates them.

Newtonian mechanics explains other natural phenomena as well. Edmund Halley
(1656-1742), who initially encouraged Newton to publishRhacipia, “found that
when he went from London to St. Helena it was necessary to shorten the length of his
pendulum in order to have it continue to beat seconds” (Cohen, 1985a, p. 175). Newton’s
theory not only explains this variation but also predicts that the shape of the earth is an
oblate spheroid. This prediction was confirmed by the French mathematicianlPistr
de Maupertuis (1698-1759), who measured the length of a degree of arc alongameridi
in Lapland, and then compared the result with the length of a degree along thameridi
near the equator.

In thePrincipia, Newton also shows that the motion of comets is similar to that of

planets insofar as they are both moving in orbits that are conic sections.duolpgrti

some comets move in ellipses, and so they can be observed again as they move through
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the solar system. Based on Newton’s theory, Halley predicted that ailzartiomet
would reappear in 1758. The comet, now named after Halley, indeed reappeared as
predicted, and the Newtonian theory gained further support.
Newton'’s extraordinary achievements notwithstanding, on Kuhn’s view, it seems
that we would have to characterize the Descartes-Newton episode as orspthags di
regress rather than progress. For this episode seems to involve at leastanwees of a
“Kuhn-loss.” First, the Cartesian theory explains why the planets gokanar and have
the same sense of rotation, whereas the Newtonian theory does not have a sohifon to t
puzzle. Second, the vortex theory gives a detailed account of the mechanicabtauses
gravity. Gravity, for Descartes, is the result of the mechanical motion gbthiees. This
is another “Kuhn-loss” because the Newtonian theory offers no solution to this.puzzle
Indeed, Christiaan Huygens (1629-1695) and Gottfried Wilhelm Leibniz (1646-1716)
criticized Newton'’s theory on these grounds.
In addition to his priority dispute with Newton over the calculus, Leibniz objected
to Newton’s theory of gravity. IAgainst Barbaric Physic€l710-16), Leibniz writes:
it is astonishing that there are those who now, in the great light of our age, hope to
persuade the world of a doctrine so foreign to reason (Ariew & Garber, 1989, p.
312).
Leibniz expounds his objections in his correspondence with Samuel Clarke (1675-1729).
For Leibniz, postulating an attractive force that acts between any two laodiss
empty space is incompatible with the mechanical philosophy. Newtonian physics thus
introduces occult qualities in the form of a mysterious attractive foraksdtimplies that

the motion of bodies is a perpetual miracle because of this mysterioué*orce.

2 See Alexander (1956).
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Huygens shared Leibniz’s doubts about attraction. According to Huygens,
attraction cannot be explained in terms of the mechanical philosophy and the laws of
motion. In order to explain natural phenomena, one must refer to the motion of
corpuscles and their interactions by direct contact. Although he disagreedestari2s
about the existence of a void, Huygens followed the Cartesian theory in supposing that
“gravitation is the effect of corpuscular motion propagated by contact-action through
vortices” (Snelders, 1989, p. 218).

As Bird (2007) points out, contrary to Kuhn'’s view, it seems reasonable to say
that the Descartes-Newton episode is progressive, Kuhn-losses notvdihgtd&ven
Newton’s critics, such as Huygens, acknowledged his success in developing
mathematical tools for explaining celestial phenomena, and recognized tlaat bis
gravitation is essentially correct. The epistemic account of progaassasily
accommodate this episode. As Bird argues, on the epistemic view, Kuhndosses
progressive because the puzzle-solutions that are lost are not knowledger&iitgas
not explained by vortices, Descartes did not know what explains the co-planar orbits of
the planets and their similar sense of rotation. Nor did he know the mechanical@ause
gravity. On the epistemic view, all we have lost is false beliefs. thamy, we have
thereby made progress (Bird, 2007, p. 71).

For Bird, then, there is cognitive progress in science whenever there iseasec
in scientific knowledge. It is important to note that Bird does not take knowledge to be

justified true belief. He thinks that his arguments about scientific progoggort
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Timothy Williamson'’s view that knowledge is a foundational concept in epistemology
and that it does not have an analy3iaccording to Bird (2007):
A major feature of [Williamson’s] conception [of knowledge] is the view that
belief aims at knowledge. It is as if we only have the concept of belief in order to
describe the mental state we are in when we have attempted to know but have
failed. While Williamson does not argue for this claim directly, the motiga
role it plays in his overall conception means that the success of his arguments
would strongly support that view. From this perspective, the arguments for the
knowledge view of scientific progress can be seen as a contribution to the same
project (p. 85).
So, according to Bird, if belief aims at knowledge, then scientific belie$ atrscientific
knowledge. Cognitive success in science would then be attaining knowledge rather tha
merely truth. This is another advantage of the epistemic account of sciemtifiess
over the semantic account, according to Bird (2007), not only because aimurt,at tr
unlike aiming at knowledge, does not entail that one desires to avoid falsehood as well
but also because knowledge is harder to achieve, and thus more stable than trige belie
83).74
To sum up, | have discussed three types of philosophical accounts of scientific
progress: semantic accounts (S), functional-internalist accounts (FI),eaapistemic

account (E):

(E) An episode constitutes scientific progress precisely when it shews t
accumulation of scientific knowledge.

(S) An episode constitutes scientific progress precisely when it €thshows
the accumulation of true scientific belief, or (b) shows increasing ajppatrn
to true scientific belief.

3 See Williamson (1997) and (2000).

" Henceforth, | will take knowledge to be unanalyeah the same way that Williamson and Bird do.
Although I think that there are other conceptiohkrmwledge that would work just as well with the
epistemic account of scientific progress. It iscéal) however, to construe knowledge, or justificat
along externalist rather than internalist linesuuy, internalism is the view that a subject netedsave
some kind of access to her grounds for knowledgastified belief for her beliefs to count as knedte.
Externalists deny that a subject can always hasekihd of access or be aware of her grounds for
knowledge or justified belief. See the Appendix &TAnalysis of Knowledge.”
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(FI) An episode shows scientific progress precisely when it achieyeEsdic
goal of science, where that goal is such that its achievement can be detdiyine
scientists at that time (e.g., solving scientific puzzles) (Bird, 2008, p. 279).
Our next task will be to examine these accounts from a naturalistic pevrspéuast as
scientific theories are responsible to the workings of nature, and are edaleiative to
natural phenomena, a theory about the assessment of scientific progréeory aliout
an evaluative practice in science, and is responsible to this practice. phrpaeaQuine,

Chapter 4 will be an attempt to find out how these philosophical accounts of scientific

progress fare when they “face the tribunal of” scientific practice.
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Chapter 4
Philosophical Accounts and the Tribunal of Scientit Practice

In Chapter 1, | suggested that the naturalistic approach requires philosophical
accounts of scientific progress to do justice to the scientific practicse$sing
progress. Naturalism in philosophy of science requires that philosophical adeeunts
judged relative to scientific practice just as scientific theoriesuaigep relative to
natural phenomena. As we have seen in Chapter 2, the scientific practice sihgsses
progress is couched in epistemic terms. That is to say, scientists evahgaésgive
episodes in science on the basis of epistemic criteria, specifically krgeykesiopposed
to truth alone. Their criterion for judging scientific discoveries as preyes simply to
assess what contributions to scientific knowledge these discoveries havefnthdetd
and after a certain discovery, we know more about nature, then progress has been made.
“Knowing more” should not be construed in terms of theoretical knowledge alone. As we
have seen in Chapter 2, scientists consider other sorts of knowledge to be just as
important as theoretical knowledge (explanations and hypotheses). These include
empirical knowledge (“data”), practical knowledge (immediate and lemg practical
applications), and methodological knowledge (methods and techniques of learning about
nature).

In this chapter, | would like to examine the philosophical accounts of scientific
progress outlined in Chapter 3, to see whether or not they mesh with the actua pfactic
scientists. From a naturalistic standpoint, if assessing progress ist#isqeactice,
then a philosophical account of progress should do justice to this practice. As previously
mentioned, | take it that no one denies that science is making progress; the gsi@stion i

what this progress consists. Semantic accounts take scientific progressisb ioothe
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accumulation of (approximate) truths or approaching truth. Functional-intérnalis
accounts take scientific progress to consist in the accumulation of puzzle-sobutions
increase in problem-solving function. And the epistemic account takes scipntifiress
to consist in the accumulation of scientific knowledge. | would like to find out whether or
not these accounts of scientific progress can accommodate the scientifeepract
assessing progress.
4.a. Semantic Accounts and the Tribunal of Scientific Practice

On semantic accounts of scientific progress, we get the following picture of
science. The scientific enterprise is a truth-aiming enterpris#.i¥ to say, the aim of
scientific inquiry is (approximate) truth. Scientists are making prodmgsgproaching
this goal. More explicitly, they make progress either by accumulatorg m
(approximately) true beliefs about nature or by getting increasitaggrcto the truth. On
this account, we are going somewhere worth going, i.e., truth. We are aésuicgll
something worth collecting, i.e., true beliefs. What could be more epistemiaatlyy
than truth?

There are several objections to this picture of science, as advanced by tbé likes
Kuhn and Laudan. I will discuss these objections in Chapter 5. For now, | simply wish to
see how semantic accounts fare when judged relative to the scientificepodc
assessing progress. As we have seen in Chapter 2, scientists assgfs gogress on
the basis of criteria that are literally epistemic, i.e., that have to do withidagey More
explicitly, scientists consider what was known before a certain discovery,hatdsw

known as a result of that discovery, and if there is an increase in knowledge, then



98

progress has been made. The naturalistic approach requires that a philosagbicai
of scientific progress be able to account for this scientific practice.

Truth is indeed epistemically worthy. Since knowledge entails truth, there can be
no scientific knowledge without truth. However, semantic accounts seem to belstmew
detached from actual scientific practice insofar as they focus on tilcabteith almost
exclusively, whereas the scientific practice of assessing psogresals that scientists
take knowledge of various sorts to be the relevant cumulative unit of progress. This
means that justification and methodology are as important as truth as fardistscare
concerned. For example, in the case of Pavlov’'s work on the physiology of digéstion, i
was judged to have been progressive in terms of theoretical and empirical knowledge

(EK) knowing that stimulation of gastric secretion of acid and pepsin and
stimulation of pancreatic secretion of digestive enzymes starts with the
anticipation of the ingestion of desirable food.

(TK) knowing that stimulation of pancreatic secretion of digestive enzignes
mediated by input to the stomach and pancreas from efferent nerves (i.e.,
nerves that carry impulses away from the brain or spinal cord) of the
vagus; knowing that the stimulation of secretion induced by connecting
environmental stimuli with appearance of tasty food is a conditioned
reflex.

In addition, and equally important, Pavlov’s work was judged to have been progressive in
terms of practical and methodological knowledge as well:

(PK) knowing how to treat peptic and duodenal ulcer disease with selective

vagotomy (in selective vagotomy, the branches of the vagus nerve to the
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gall bladder and pancreas are left intact; usually performed to reduce
secretion of acid and pepsin by the stomach to cure a peptic ulcer);
knowing how to treat gastric acid-related disorders with selective
muscarinic receptor antagonists.
(MK) knowing how to study the anatomy of conscious animals by using surgical
techniques, such as the Pavlov gastric pouch.
According to Wood (2004), Pavlov believed that “chronic studies in surgically prepared
conscious animals were most likely to yield new insights into the integraysolagy
of organ systems in general and the digestive system in particular” (p. 32&e Bef
Pavlov, experiential physiologists worked mostly with anesthetized aninalse\ér,
Pavlov showed that “sequentially repetitive studies in surgically preparedassc
animals are most likely to advance knowledge basic to humans” (Wood, 2004, p. 326).
Since Pavlov, it has been a standard methodological principle in physiology that “we
must understand the normal functioning of an organ in the alert animal, as well as its
anatomy, histology, and cellular biology, to know disease” (Wood, 2004, p. 326). Wood
(2004) also notes that the Pavlov gastric pouch was crucial for “the discovbey of t
cephalic phase of secretion and its role in the aciticipatory preparationuggbe
digestive tract for the ingestion of a meal” (p. 327).
As for practical knowledge, Wood (2004) says that “the invention of the now-
obsolete selective vagotomy for treatment of peptic and duodenal ulcer disbasgns
in the 1930s and the successful pharmacological development of selective muscarinic
receptor antagonists as therapy for gastric acid-related disa@a@nate from Pavlov’s

discovery” (p. 327). In addition, “modern knowledge of the action of histamine as a
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powerful gastric acid secretagogue evolved directly from Pavlov’s gdlbgsi factory”
(Wood, 2004, p. 327). Using Pavlov’s techniques of surgical preparation of gastric
fistulas in dogs, Pavlov’s student L. Popielski, “reported in 1916 that injection of
histamine stimulated copious secretion of gastric acid in dogs with swygoatiared
gastric fistulas” (Wood, 2004, p. 327).

According to Hacking (1983), science is as much about experimenting as it is
about theorizing. Experimentation is not simply reporting, according to Hacking, but
doing, and not merely doing things with words (p. 173). As Hacking (1983) writes:

Philosophers of science constantly discuss theories and representationyof realit

but say almost nothing aboexperiment, technology, or the use of knowledge to

alter the world This is odd, because ‘experimental method’ used to be just

another name for scientific method (p. 149, my emphasis).
Hacking shows that the claim that an experiment must be preceded by theory is
ambiguous. The weak version of this claim is that one must have some ideas in mind
about one’s apparatus and some expectations about nature before one conducts an
experiment. But that is trivial. According to Hacking, no one would dispute this weak
version. It seems that even Bacon, who is often (erroneously) thought of as advacatin
method of discovery based on mindless observation and the accumulation of data alone,
realized that “completely mindless tampering with nature, with no understanding or
ability to interpret the result, would teach almost nothing” (Hacking, 1983, p. 153). This
is suggested by Bacon’s distinction between the Empirics, who, like the ants;, simpl
collect and use, and the Rationalists, who, like the spiders, make out of their own

substance. The true natural philosopher, according to Bacon, embodies a union of the

empirical and rational faculties, like the bees that transform naturaliaisfe Bacon

> See Rossi (1996).
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also distinguishes between experiments of lightifera experimentaand experiments
of fruit (fructifera experimenta

The strong version of the claim that experiment must be preceded by theory,
according to Hacking (1983), says that “your experiment is significant opbuiire
testing a theory about the phenomena under scrutiny” (p. 154). Hacking argues that this
strong version is untenable. He provides several examples to show that it is no¢ the cas
that there must be a hypothesis under test in order for experiments to make sense
According to Hacking (1983), “One can conduct an experiment simply out of cutmsity
see what will happen” (p. 154). One example of a “noteworthy observation,” as Hacking
calls them, is the discovery of polarization by reflection in 1808 when E. L. Malus,
(1775-1812), a colonel in Napoleon’s corps of engineers, was experimenting watidicel
Spar. He “noticed the effects of evening sunlight being reflected from the wsrafdive
nearby Palais du Luxembourg” (Hacking, 1983, p. 157). Now, sometimes experiments
are done and data are accumulated, but then they have to be put on hold for a while until
someone comes along and realizes how they can be used. For example, Robert Brown
(1773-1858) reported on the irregular movement of pollen suspended in water in 1827.
But no one knew what to make of Brownian motion until Jean Baptiste Perrin (1870-
1942) and Albert Einstein (1879-1955) came along.

Accordingly, it seems that any blanket statement about theory preceding
experiment is bound to leave out some instances of momentous discoveries in science.
But this is not surprising. It seems that there are no fixed patterns imseisicseems
that we have to take it on a case by case basis. As Hacking (1983) writes:

Some profound experimental work is generated entirely by theory. Some great
theories spring from pre-theoretical experiment. Some theories langulakkor
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of mesh with the real world, while some experimental phenomena sit idle for lack
of theory (p. 159).

There are also happy, albeit rare, occasions in which theory and experiestin m
harmony. For example, the experimental work of Arno Penzias and R. W. Wilson, who
discovered the Microwave Background Radiation in 1965, meshed beautifully with the
work that was done by R. H. Dicke and others at Princeton on the Big Bang theory at the
time.”®
Likewise, it seems to me that Baird and Faust (1990) correctly point to the
problem of focusing exclusively on theories in philosophy of science when they write
Philosophers speak stiencen terms of theorgndexperiment. Yet when they
speak of therogress of scientific knowledgtey speak in terms of theaslone
According to most philosophers, experiments are run in order to promote theory;
improvements in the ability to experiment are merely instrumental goods that
promote the final good of justifying the assertions of a wider and wider domain of
sentences. Thus, according to most philosophers, improved theories account for
the progress of scientific knowledge. It is our contention that this asymmaitry is
mistake. Technicians, engineers and experimenters, in a vast number of gjstance
are able to make devices work with reliability and subtlety when they can say
very little true, or approximately true, about how their devices work. Only blind
bias would say that such scientists dokmaiw anythingabout nature. Their
knowledge consists in the ability do things with nature, nataythings about
nature (p. 147, original emphasf$).
Using the example of the cyclotron, Baird and Faust show that experimentahwork i
science sometimes proceeds largely without being illuminated or guided by theor
because part of the reason for doing experimental work is to provide data that is the

material of theoretical work. | will come back to Baird and Faust’s diagobtie

source of this mistaken asymmetry in Chapter 6, and | will propose a way to avod it. F

8 See also Leplin (1997), pp. 94-97. For Leplins wunts as “novel predictive success” accordirjgo
analysis of novelty.

" Baird and Faust seem to be suggesting that philess of science talk about knowledge, but wheyp the
do, it is theoretical knowledge exclusively. It seeto me, however, that Kitcher (2002) rightly gsiaut
that, within the philosophy of science, “thereitd explicit discussion of scientific knowledg§3. 385).
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now, | simply wish to point out that semantic accounts of scientific progress, thee
emphasis on theoretical truth exclusively, leave out important aspectsrafes(ie.,
experimentation, methodology, and practical applications) that scientisidcéske
seriously when they evaluate progress. If this is correct, then semantdings of
scientific progress fail to do justice to the history of science and meshheitctual
practices of scientists.
4.b. Functional-Internalist Accounts and the Tribunal of ScientificPractice

On functional-internalist accounts of scientific progress, we get the faljow
picture of science. The scientific enterprise is a problem-solvingpeisie That is to say,
the goal of scientific inquiry is puzzle-solutions. Scientists make protgses
accumulating more and more puzzle-solutions. On this view, are we going somewhere
worth going? Are we collecting something worth collecting? The problemsseebe
that it is not clear how problem-solving function and puzzle-solutions are epidtgmica
valuable.

It seems that functional-internalist accounts of progress do not mesh with the
scientific practice of assessing progress. It seems that such aawaums do justice to
the scientific practice of assessing progress not simply becauseotivibas reason that
scientists talk about progress in terms of knowledge rather than puzzle-solutiaispbut
because they leave out growth in empirical knowledge. Recall that, on functional-
internalist accounts, such as Laudan’s, problems do not have to be genuine problems and
solutions do not have to be correct solutions. But that seems to undermine their epistemic
worth. For example, it seems to me that we wouldn’t be impressed if, say, llagdste

were able to deduce a solution to an unreal problem involving blood clumping. On
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Laudan’s view, however, a theory “solves a problem” if a statement of the proafem
be deduced from it, and that counts as progress. For Laudan (1977), “A problem need not
accurately describe a real state of affairs to be a problem: all tieguised is that it be
thought to bean actual state of affairs” (p. 16). As we have seen in Chapter 2, however,
the problem of agglutination was not merely thought to be real by Landsteinerfhiimsel
that were the case, he probably would not have received the Nobel Prize. Itaisehasc
Landsteiner knew, that mixing blood from two human beings can lead to agglutination.
And it is the case that clumped red blood cells can crack and cause toxic re&i¢hiahs
impressed Landsteiner’s peers and the Nobel Committee was that his gaplema
terms of blood groups was a solution to a real proBfem.

Functional-internalist accounts thus underestimate the role that empirical
knowledge plays in science and in assessments of scientific progresmdttbat Kuhn
and Laudan want to allow scientific progress even if nothing of epistemicicagaé is
accumulated. Both Laudan and Kuhn are skeptical about scientific knowledge. Laudan
thinks that the Pessimistic Meta-Induction shows that theoretical knowledge is
unattainable, whereas Kuhn attacks the concepts of truth and verisimilituideir In t
attempts to eschew theoretical knowledge, however, functional-intermgistap other
kinds of scientific knowledge as well, especially empirical knowledge. Alsave seen
in Chapter 2, however, this sort of knowledge is also important to scientists when they

evaluate scientific discoveries.

8 Recall that, for Laudan, the solution of a probRimy a theoryT means that the “statement of the
problem” is deduced from (See Chapter 3, section 3.b.ii). For Laudadpesn’t have to be true. He
doesn’t even require thRtreally exist. It is interesting to note, howeudigt in the first chapter &cience
and Valueg1984), Laudan says that he offers his solutiorf$wio puzzles about science,” and then he
says that “before | can expect my solutions toaen seriously, | need to show that the problears |
grappling with are botheal and as yet unresolved” (p. 1, my emphasis). Whesd@udan think that,
when it comes to problems about science, he muost #hat they are “real,” but when it comes to stifen
problems, they don’t have to be “real™?
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For example, take that case of Ehrlich and Metchnikoff. In 1882, after observing
phagocytes surrounding and attempting to devour a splinter he had introduced into the
transparent body of a starfish larva, Metchnikoff proposed his “phagocytosis,theory
according to which cells called “phagocytes” (from Greek, ‘phago’dévour,” and
‘cytos’, “cell”) play a role in host defense by engulfing and breaking dongign
particles that invade the bodYEhrlich proposed that harmful compounds can mimic
nutrients for which cells express specific receptors. He realized tlegtoes on host
cells specifically triggered by harmful substances were producedéssas a way to
neutralize therfi® Although their theories were perceived as being at odds for a while,
both Metchnikoff's phagocytosis theory and Ehrlich’s side-chain theory were based on
the following empirical knowledge:

(EK) knowing that organisms can acquire immunity against certain diseases (as
when organisms that have gone through an infectious disease will acquire
protection against being attacked by that disease).

Based on this knowledge, Metchnikoff made the following contribution to the growing
body of theoretical knowledge in immunology:

(TK) knowing that microorganisms can be destroyed by the activity aficell
the organism, in particular, cells known as “phagocytes” can destroy
harmful microbes that invade the organism and also render certain
bacterial poisons harmless.

And Ehrlich made the following contribution to the body of theoretical knowledge in

immunology:

9 See Tauber & Chernyak (1991).
8 See Kaufmann (2008).
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(TK) knowing that poisons that are produced by certain bacteria cause the
production of “antibodies” in organisms that have an antagonistic effect
against those poisons.

In addition, and equally important, Metchnikoff and Ehrlich’s discoveries were judged to
have been progressive in terms of practical and methodological knowledge as well.
Metchnikoff's work was especially progressive in terms of practical leuye:

(PK) knowing how to prognosticate certain diseases using the degree of the
phagocytosis as a prognostic; knowing how to use the phagocytosis as an
indicator of the opsonic strength of the blood (an opsonin is any blood-
serum protein that increases the susceptibility of microorganisms to
phagocytosis); knowing how to increase phagocytosis around a certain
area of the body during surgery to ward off infections (e.g., by using
quinine)®

Whereas Ehrlich’s work was especially progressive in terms of metigpdal
knowledge:

(MK) knowing how to use chemical dyes for selective cell staining; knowing
how to standardize antisera for passive vaccination against tetanus and
diphtheria and optimize immunization regimens to reach high antibody
titers.

It seems that functional-internalist accounts of progress cannot accomniedate
importance of empirical knowledge as relevant to assessments of pilograsse they
conceive of the scientific enterprise as providing solutions to problems. But not all

scientific knowledge is solutions to problems. Host defense, for example, doesmmot see

81 See Tauber (2003).
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to be a solution to any problem. It is a natural phenomenon that Metchnikoff, Ehrlich, and

others tried to explain. Even if we grant that scientific knowledge is simplticud to

problems, either conceptual or empirical, it seems difficult to explain, on furletiona

internalist accounts, why we care about this kind of knowledge. More importantly, it

seems difficult to explain why scientists care about this kind of knowledgeeAmve

seen in Chapter 2, however, the question of the mechanism of host defense was not

merely thought to be a real question by Metchnikoff or Ehrlich. If that were see ca

their colleagues would probably not have deemed them worthy of the Nobel Reze. It

fact that organisms have defense mechanisms against bacterial invadensibdétand

Ehrlich’s colleagues, and the Nobel Committee, were impressed with thé&ibecause

they thought that they have managed to uncover parts of the mechanisms of host defense.
Another problem with functional-internalist accounts is that they seem to

underestimate the role that the adducing of evidence and arguments playstificscie

change, and thus in assessments of progress. The example of Harvey’s disctwery of t

circulation of the blood seems to illustrate this point. As we have seen in Chapter 2, there

were some significant threads of continuity between Galen’s theory and Hahegry

of the circulation of the blood (e.g., the question of anastamoses in the heart's)septum

According to Kuhn, however, scientists who work in different paradigms “live in

different worlds.” For example, Kuhn (1996) claims that, “after Copernicusnashers

lived in a different world” (pp. 116-117). This claim is ambiguous; it may be constiued i

at least two ways. First, it may be construed metaphorically in thatistsemho work in

different paradigms live in different worlds, as it were, insofar as biediefs about the

world are different (perhaps even at odds). Second, it may be construed réglistica
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insofar as the physical world in which scientists live is different depemdiriige
paradigm in which they work. The latter seems highly implausible & s®) will take
Kuhn as claiming the former.

From the claim that scientists who work in different paradigms live in differe
worlds psychologically, as it were, insofar as their beliefs about the werlddically
different, it seems to follow that there could be no sharing of reasons that wwaldse
common grounds for adducing arguments for and against competing theories. On this
view, arguments for and against theories are always inconclusive, and so thdse mus
other reasons why scientists accept one theory rather than another, the moahtmport
one for progress being the problem-solving power of the theory, as we have seen in
Chapter 3.

Now, it seems to me that Kuhn’s account cannot accommodate the case of
Harvey's discovery of the circulation of the blood. On Kuhn’s view, it might seem that
there is a “Kuhn loss” because Galen’s theory explains digestion and nutrition and
Harvey's theory does n8%.But, then, how can we say that progress was made when
Galen’s theory was abandoned and Harvey’s theory was finally accépted®s to me
that we can’t, unless we look at the reasons for and against each theory asréhey w
advanced by practitioners at the time. The Riolan-Harvey exchange isaltimgj in this
regard. Jean Riolan (1577-1657) was an ardent advocate of Galen’s theory. However
even he was forced to concede that blood circulates in the major vessels like thadorta

the vena cava. He remained obstinate in part because of his wish to salvage tite ancie

8 see Goldman (1999), chap. 1; Wilson (1996); Fratiue (1984).

8 For Galen, digestion is a fermentation processlinng heat within the stomach. This heating of the
food, according to Galen, converts it into chyled ghen into the four humors, blood, phlegm, yellawd
black bile, which are then absorbed in the body.
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medicine (Whitteridge, 1971, pp. 181-182). Because of that, perhaps, he did not or could
not reply to Harvey'#\natomical Disquisition$1648), in which Harvey replies to his
objections to the circulation.
Contrary to Kuhn’s claim that the initial adoption of a new paradigm is amatte
of personal, political, or aesthetic preferences, because there is no common gsednd ba
on which practitioners can debate the merits of competing theories, it $egmeasons
for and against a theory do play a role in scientific change. To see how, consider
Harvey's theory of the circulation of the blood, which involves the following claims:
(BC1) The pulse of the heart delivers a quantity of blood from the vena cava into
the arteries that ingested food alone cannot account for; the blood is
transferred in such a way that the whole mass of blood passes through the
heart in a short time.
(BC2) The arterial pulse drives a quantity of blood into every part of the body
that is much greater than what is required for nutrition.
(BC3) The veins bring the blood from every part of the body back to the heart
(Bowie, 1889, p. 71).
Harvey supported these claims with the following evidence and arguments:
1. The quantitative argumentiarvey considered the size of the ventricle, the
amount of its contents ejected with each contraction, and the rate of its beat. If
there is no circulation, he reasoned, then the amount of blood ejected by the heart
into the arteries in half an hour would be greater than the amount of blood in the
whole body and the heart would eject a greater weight of blood in a day than the

weight of the whole body. Since that is not the case, it must be that the same
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blood is continuously passing through the heart. In other words, blood circulates
around the body (Bowie, 1889, pp. 63-65).

. Ligature experimentdHarvey used ligatures (tourniquets) to show that arteries
carry blood away from the heart and that veins carry it back to the heart. Since
arteries are deeper than veins in the limbs, a tight ligature around the arm
compresses both ligatures and veins. In this case, there is no change in the hand or
veins. A less tight ligature compresses the veins but not the arteries. lasthjs c

the rush of blood causes the hand to swell. When a tight ligature is loosened, the
rush of blood to the limb causes the hand the veins to swell. This shows,
according to Harvey, that blood flows from the heart through the arteries to the
peripheral tissues and then from the arteries to the veins. Furthermore, venous
valves allowed blood to flow only toward the heart (Bowie, 1889, pp. 68-70).

. Comparative anatomyHarvey weighted the blood ejected per unit of time from a
severed main artery of a sheep. He also found that when he compressed the vena
cava of a live snake, the heart blanched and emptied. But when the aorta was
compressed, the heart became swollen and purple (Bowie, 1889, pp. 51-52, p. 56).
. Explanatory powerHarvey argued that the difference in the thickness of the

walls between arteries and veins can be explained by his theory of antulat

The thicker walls of the arteries are required to withstand the impulsion of blood
thrust out from the left ventricle of the heart. Harvey also observed thaalarte

wall thickness decreased with increasing distance from the heart until the
extremities in which the wall thickness of the arteries and the veins is tlee sam

(Bowie, 1889, pp. 89-90). In addition, Harvey could explain why the left ventricle
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and arteries are often empty of blood in post mortem, whereas the veins are full,
since blood flows from the veins to the arteries only through the heart and lungs.
Because the heart continues to pump blood for a while after the lungs stop
functioning, the left ventricle continues to pump blood out of the arteries into the
veins but receives no further blood through the lungs (Bowie, 1889, pp. 141-142).
As Mowry (1985) shows, these arguments, and Harvey’s replies to critics, such as
Riolan, provided good reasons in support of his theory of the circulation of the blood in
the early stages of this episode of scientific change (circa 1630, aftetliwfon of
De motu cordisn 1628).
By the end of this episode, circa 1650, there were good reasons for accepting
Harvey's theory. According to Mowry (1985), these reasons included the following:

1. Harvey provided a unified explanation of diverse phenomena, such as difference
in wall thickness between right and left ventricles, post mortem findings showing
the left ventricle and arteries empty of blood and the veins full of blood, etc.

2. Harvey's findings were independently supported by the work of others, such as
Johannes Walaeus (1604-1649yohann Vesling (1598-164%)and P. M.

Schlegel (1605-1653f. For example, (BC3) was supported by Walaeus'’
experimental work in which he placed a ligature on the vena cava above and
below the heart. He thus showed that the stretch of vein between the ligature and
the heart was empty, and that the heart became pale and small, in both cases

(Mowry, 1985, p. 74). Walaeus also expanded on Harvey’s work by applying the

8 See Schouten (1974).
8 See Lubitz (2004).
8 See Willis (1878), pp. 170-179.
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ligature method in order to show that chyle derived from the gut and flowed via
the lacteal vessels into the blood circulation (Pagel, 1976, pp. 115-117).
Functional-internalists, it seems, would be hard pressed to explain why thislgradua
accumulation of evidence in favor of Harvey's theory, if not persuaded his ctiten at
least left them speechless (e.g., Riolan) in the face of this mounting comm@eslidence
in support of his theory.

4.c. The Epistemic Account and the Tribunal of Scientific Practie

According to Bird (2007), “Given that science is an epistemic activity ihsee
almost tautologous to suggest that its success and so progress should be measured by
epistemic standards” (p. 65). On the epistemic view of scientific progresslekiymyas
opposed to truth alone, is the concept we need in order to understand scientific progress.
The epistemic account of progress says that a scientific episode constiangicsc
progress precisely when it shows the accumulation of scientific knowledge hBikd s
that the epistemic and semantic accounts diverge insofar as taking Wwehefs
insufficient epistemic support to count as knowledge is concerned. Whereas functional
internalist accounts differ from the epistemic account insofar as they eoa8iid
scientific knowledge to be a matter of finding a solution to a puzzle, where dahgsvis
clearly not understood in the traditional way as requiring truth.

In addition to Bird’s arguments in support of the epistemic account of scientific
progress, outlined in Chapter 3, | would like to point out the following advantages of this
account in light of the examination of the scientific practice of assesggegs in

Chapter 2:
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e The epistemic account captures the accumulation of empirical knowledge (“data”)
about nature.
e The epistemic account captures the adducing of evidence and arguments for and
against theories.
e The epistemic account does justice to the scientific practice of agppssgress.
Scientists not only conceive of the aims of science in epistemic terms (i.e.,
knowledge) but also assess scientific progress on the basis of epistem& crite
(i.e., the accumulation of knowledge).
Accordingly, semantic accounts of scientific progress neglect soreetasy progress
that are evident in the scientific practice of assessing progress. Bpestsanclude
types of knowledge that are not strictly theoretical, which are nonethakessunder
consideration by scientists when they make judgments about progress. Itisatems
functional-internalist accounts fare no better when judged relative to tmgifscie
practice of assessing progress. Functional-internalists, like Kuhn addr,ado not
think that theoretical knowledge is attainable. In eschewing theoretical éagsyl
however, they fail to account for other kinds of knowledge that scientists take into
consideration when they evaluate scientific progress. In doing so, fundtiteralalists
also underestimate the role that evidence and arguments play in episodestificsc
change.

When it comes to accounting for scientific progress, the epistemic account of
scientific progress seems more promising than the semantic and funatienadiist
accounts insofar as it seems to do justice to the scientific practicees$iagsprogress.

On the epistemic view, science is a knowledge-seeking enterprise. fBcmotjress
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consists in the accumulation of scientific knowledge. A scientific episquegsessive
when it shows the accumulation of knowledge rather than verisimilitude or puzzle-
solutions. The epistemic account takes truth to be necessary (since knowlizdgee),
but not sufficient, for scientific progress. In addition to truth, justification ehalie
methods are also necessary for scientific progfess.

| think that Bird is right about knowledge being the concept we need in order to
understand scientific progress. But | also think that the epistemic acceuwist toebe
revised in light of the investigation of Chapter 2. | will propose a revised verstbe of
epistemic account of scientific progress in Chapter 6. Before | do so, howeveiisthe
more pressing matter to address. If the aforementioned considerationsecg there
remains an obvious question: If an answer to the question “What is scientifiesg®4
in terms of the accumulation of scientific knowledge seems so natural, perhaps eve
tautologous, as Bird argues, and if this is indeed the way scientists thesresallteate
progress, then why is it that philosophers of science (with the exception of Bird, most
recently) rarely propose such an answer? | think that this has to do with skeptical
arguments, particularly against the attainment of theoretical knowledgeirce,
advanced by the likes of Kuhn and Laudan. So, in the next chapter, | will address these
skeptical arguments. | will argue that these skeptical arguments do nateprovi
compelling reasons for skepticism and pessimism about the accumulation ofiscientif
knowledge at the theoretical level. Then, in Chapter 6, | will propose that there are
additional reasons to be optimistic about the accumulation of scientific knowledge,

provided we count as scientific knowledge the types of knowledge that sciantisfly

87 By necessary and sufficient conditions here, hdbmean “individually necessary and jointly suifiat”
as in conceptual analysis, but rather collectieifficient for scientific progress, or better yenstitutive
criteria for progress.
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value. This, in turn, will require extending Bird’'s epistemic account of progréssh w

was outlined in Chapter 3.
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Chapter 5
Skepticism and Pessimism

Given that scientists take scientific progress to consist in the acaiionubf
scientific knowledge, as we have seen in Chapter 2, | argued that sééishbuld
articulate an account of progress that does justice to this scientificpraaking a
naturalistic stance vis-a-vis the question of scientific progress, we waotauant of
progress that meshes with the history of science and the actual practicestigtscin
Chapter 4, | argued that, of the accounts of progress outlined in Chapter 3, the epistemic
account is best suited for this task. The epistemic account simply saysehéfisci
progress consists in the accumulation of scientific knowledge. Why is it, then, that
philosophers of science have largely ignored this account of progress? | think tiois has
do with skeptical arguments, particularly against theoretical knowledgeh atac
advanced by the likes of Kuhn and Laudan.

In this chapter, | will address these arguments. The arguments in question are
usually advanced by anti-realists against scientific redfiSthese are Kuhn's attack on
truth and the related thesis that observation is theory-laden, the underdetemahati
theory by data, and Laudan’s Pessimistic Meta-Induction. If any of theseesls, then it
might seem as if theoretical knowledge in science cannot be attainedalgud that
these arguments do not provide compelling reasons for skepticism and pessimism about

the growth of theoretical knowledge in science.

8 There are many different versions of scientifialigm in the literature. Roughly, scientific reatiss
usually construed as involving one or more of thiWing theses: (a) “The Metaphysical Thesis: The
world has a definite and mind-independent stru€fifbg “The Semantic Thesis: Scientific theorie®sid
be taken at face-value. They are truth-conditiosestriptions of their intended domain, both obdaleva
and unobservable. Hence, they are capable of beiagr false. The theoretical terms featuringnieotries
have putative factual reference. So, if scientliieories are true, the unobservable entities tosit p
populate the world”; (c) “The Epistemic Thesis: Mag and predictively successful scientific theoses
well-confirmed and approximately true of the woih, the entities posited by them, or, at any rate,
entities very similar to those posited, inhabit wald” (Psillos, 1999, p. xix).
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5.a. Kuhn and the Transcendence of Truth

At the outset, | would like to make a clarification. If one is skeptical about
knowledge in general, then clearly one would not be impressed by scientific igewle
as well. So, a prerequisite for this discussion, as it were, is to grant tharyrdina
knowledge is sometimes attainable. For example, | know that | am sitting irofnaoyt
computer right now. My epistemic justification or evidence for my belieflthat sitting
in front of my computer right now might consist in my sensory perceptions (or that
perception is usually a reliable belief-forming process): | sed #matsitting in front of
my computer; | feel my fingers pressing against the keys on the keyboaad thée
sound of the keys as | am typing these words, and so on. If | am not sure abouathis, | ¢
always reassure myself by asking my wife to validate my beliefsc&héen tell me,
based on her sensory perceptions, that | am in fact sitting in front of the comphiter rig
now.

Now, | am not suggesting that to doubt that we can know such things is absurd.
This kind of global skepticism is interesting and important. Metaphysicians and
epistemologists take it very seriously, as they should. However, when we inttbduce
kind of global skepticism, it seems to me that we are no longer doing philosophy of
science. We are leaving this area of inquiry and entering the realm ofhystaor
epistemology. So, | am suggesting, as many philosophers of science do, thaiwge se
kind of global skepticism aside and focus on sciéidéis means, at the very least, that
doubts about knowledge in this context must be local doubts about scientific knowledge,
i.e., how scientific knowledge is attainable, rather than how knowledge in general is

attainable (given skeptical scenarios involving evil demons and the like). With this

8 See, e.g., Shapere (1984).
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preliminary note, | now would like to suggest that Kuhn’s attack on truth blurs the line
between global skepticism and local doubts.
In the Postscript to the second editionTbe Structure of Scientific Revolutiopns
Kuhn (1996) writes:
One often hears that successive theories grow ever closer to, or approxarete m
and more closely to, the truth. Apparently generalizations like that refer &t to t
puzzle-solutions and the concrete predictions derived from a theory but rather to
its ontology, to the match, that is, between the entities with which the theory
populates nature and what is “really there.”
Perhaps there is some other way of salvaging the notion of ‘truth’ for apgpicati
to whole theories, but this one will not do. There is, | think, no theory-
independent way to reconstruct phrases like ‘really there’; the notion of B matc
between the ontology of a theory and its “real” counterpart in nature now seems to
me illusive in principle. Besides, as a historian, | am impressed with the
implausibility of the view. | do not doubt, for example, that Newton’s mechanics
improves on Aristotle’s and that Einstein’s improves on Newton’s as instruments
for puzzle-solving. But | can see in their succession no coherent direction of
ontological development. On the contrary, in some important respects, though by
no means in all, Einstein’s general theory of relativity is closer tociless than
either of them is to Newton’s (pp. 206-207).
Kuhn seems to argue that a correspondence conception of truth leads to skepticism about
truth. The argument seems to run as follows: On the correspondence theory of truth, the
truth of statemenbis a matter of its matching the fa€tlf the truth ofSis a matter of its
matchingF, then knowing tha®is true is knowing thad andF match. Knowing thab
andF match requires consideril®@andF independently and then realizing that they
match. However, wher®@is a scientific theory, access t& is always mediated by
theories such ab. Since we do not have unmediated access t@., we cannot consider
F independently of, we cannot know that.
Notice, however, that this argument seems to be treading the fine line between

global skepticism and local doubt. If this argument were sound, then it would seem to
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undermine any conception of truth that relies on the commonsensical idea that trut
depends on what is the case or the way the world is. For Kuhn assumes that knowledge of
the truth ofT requires independent accesd tand to the domain in nature tiapurports

to describe, i.eF. But why should we require separate acce3sandF? Why can't

knowledge of be instrumentally-mediated or mediated by inference? For instance, we
might think that the matching betwe@&mandF is the best explanation for some statement

P that is deduced frofh. Alternatively, we might think thd is the best explanation for

some other facts, and then we could infer the truthfodm F.

Kuhn, of course, would not be impressed by these considerations because he
thinks that observation is theory-laden. We have already seen in Chapter 4 thegithe th
that theory always precedes experiment is ambiguous. The weak versionlis trivia
whereas the strong version is unwarranted. It seems that the same consslamily to
the thesis that observation is theory-laden. This thesis may be constrhedlas that
one must have some assumptions and expectations about the domain of interest before
one makes an observation. As in the case of experimentation, this is a trivialAdai
Hacking (1983) says, “if you want to call every belief, proto-belief, and kbké¢fcould
be invented, a theory, do so” (p. 176). That would simply make the claim about
observation being theory-laden trifling. He provides examples of noteworthy
observations from the history of science that have included no theoretical assuiptions
all. To Hacking’'s examples, we might add Darwin’s observations of finches on the
Galapagos IslandS.This example is doubly instructive here, for it seems that those who
might construe the thesis that observation is theory-laden in this way, i.e., cargring

belief, assumption, or expectation one may have before conducting an observation, are

% See Kohn (1980). Cf. Sulloway (1982).
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making a mistake that is similar to the one creationists and intelligeghdebrocates
are making when they accuse evolution by natural selection of being “just n'tieor
scientific theory is not just any belief, hunch or guss.

Now, | would like to suggest that the thesis that observation is theory-laden,
construed as the claim that one must have some beliefs, assumptions, and expectations
about the domain of interest before one makes an observation, would not only be trifling
but also borderline skeptical on a global rather than local scale. To see why, cthesider
following short version of the story about how we came to trust the thermometer as a
reliable instrument for measuring temperature. According to Chang (2007):

Our initial confidence in something like a column of mercury as a trustworthy

indication of temperature comes from the correlation between its behavior and our

own sensations: seeing it rise when we put it into a place that feels warm to us,

seeing it rise rapidly when we put it near a fire, seeing it drop when wé avet i

blow on it, etc. But once we adopt the thermometer as a reliable standard, then we

begin to use its readings not only to confirm but also to correct our own

sensations (p. 8f.
So, what we have here is a series of observations: seeing the mercury csingwhen
we put it into a place that feels warm to us, seeing the mercury column apidtyr
when we put it near a fire, seeing the mercury column drop when we wet it and blow on
it, and so on. Are these observations theory-laden? With what sort of theory msght the
observations be loaded? Is it a theory about human perception? In that case,ghe thesi
that observation is theory-laden turns out to be a thesis of global skepticism. These

observations seem to be no more theory-laden than my observations of my computer in

front of me, unless we call every hunch, belief, or guess, a “theory.” In that case

1 See Kitcher (1983), chap. 2.
92 See also Chang (2004).
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however, the question of scientific knowledge becomes irrelevant and thethlag¢sis
observation is theory-laden becomes trivial. As Hacking (1983) points out:

In the case of seeing tables, our statements similarly contain no thdoretica

assumptions connected with the objects under inquiry, namely tables, even if (by

an abuse of the words ‘theory’ and ‘contain’) they contain theoretical assumptions

about vision (p. 185).

Accordingly, those who want to make sense of the thesis that observations gse alwa
loaded with theory might try to do so by abusing the words ‘theory’ and ‘loaded’. But
then they would be introducing global skepticism about perception rather than local
doubts about scientific knowledge.

To this it might be objected that the example above involves relatively simple
observations, which do not require highly complex instruments. More sophisticated
observations, such as the ones done with telescopes and microscopes, are soyrely the
laden. Taking that into consideration, the thesis that observation is theory-ladiemenig
construed as the claim that instrumentally-aided observation is loaded wit}, the
specifically theories about the instruments used. According to Hacking, howeser
construal of the thesis is unwarranted. He points out that there have been important
observations in the history of science that have included no theoretical assuntmlgns a
e.g., William Herschel’s discovery of radiant heat (Hacking, 1983, pp. 171-176). He also
argues that the tendency to infer from stories, such as that of the positron, thathbos
report, on looking at a photographic plate, “that’s a positron,” are therebyiragserne
theoretical assumptions is misguided. According to Hacking (1983), an assistdnd

trained to recognize those tracks without having a clue about the theory (p. 179). In the

case of microscopes, Hacking (1983) writes:
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One needs theory to make a microscope. You do not need theory to use a
microscope. Theory may help to understand why objects perceived with an
interference-contrast microscope have asymmetric fringes around theraubut y
can learn to disregard that effect quite empirically. Hardly any bidilkisw
enough optics to satisfy a physicist. Practice—and | mean in general doing, not
looking—creates the ability to distinguish between visible artifacts of the
preparation or the instrument, and the real structure that is seen with the
microscope. This practical ability breeds conviction. The ability may requine s
understanding of biology, although one can find first class technicians who don’t
even know biology. At any rate physics is simply irrelevant to the biologist’s
sense of microscopic reality. The observations and manipulations seldom bear any
load of physical theory at all, and what is there is entirely independent @lkhe c
or crystals being studied (p. 191).
Accordingly, as Wilson (1995) puts it, “the principle that to employ an instrument with
confidence one needs a correct theory of the instrument seems to be false” (p. 217).
5.b. The Underdetermination of Theory by Data
If the considerations advanced in section 5.a. are correct, then Kuhn'’s attack on
truth and the associated claim that observation is theory-laden do not provide compelling
reasons for skepticism about theoretical knowledge in science. Another dkapdicia
on theoretical knowledge is what Richard Boyd (1983) calls “the empirigstreant.”
Also known as the argument from the underdetermination of theory by data, this is an
argument that purports to show that theoretical knowledge in science is unattainabl
According to this argument, since empirically equivalent theories are eaitient
indistinguishable, it follows that scientific knowledge cannot extend to “unobsesvabl
Pierre Duhem is perhaps most often associated with the notion of
underdetermination. What became known as the Duhem Thesis is the claim that

“infinitely many logically incompatible but experimentally indistingioable theories can

always be given of the same range of phenomena” (Worrall, 1982, p. 213). According to
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Duhem, this thesis applies not only at the level of theories but also at the leve$ 5t fa
Duhem'’s thesis was taken up by Quine. In “Two Dogmas of Empiricism,” Quine (1953)
argues against what he calls “the second dogma of reductionism,” which is théhbelie
“each meaningful statement is equivalent to some construct upon terms which refer
immediate experience” (p. 20). Quine argues that this dogma persists anongiEs
in its subtle form, i.e., that each statement taken in isolation can admit of caioiirioa
disconfirmation. Contrary to this dogma, Quine (1953) argues that “our stateabents
the external world face the tribunal of sense experience not individually, but anly as
corporate body” (p. 41). In Quine’s “empiricism without the dogmas,” knowledge is like
a field of force in which “a conflict with experience at the periphery sioca
adjustments in the interior of the field” (p. 42). On Quine’s view, “any stateraertie
held true come what may, if we make drastic enough adjustments elsemwtlere i
system” (p. 43).

Quine’s brand of empiricism and Duhem’s thesis came to be known as the
Duhem-Quine thesis, which includes the following claims: (a) empiric&stants
cannot be disconfirmed in isolation; (b) we can hold a particular statement true by
adjusting the other statements to which it is connected. In philosophy of science, the
Duhem-Quine thesis is also known as “confirmation holism.” Confirmation holism is the
idea that, since the empirical content of a theory cannot be clearly sdfesatehe
other components of the theory, when the theory makes a prediction that is not borne out,
it will not be obvious which component of the theory should be rejected. So we know that
there must be a false statement in the set of statements that implidselpeddiction,

but we do not know which one.

% See Duhem (1954), Pt. II, chaps. Il and IV.
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Duhem argued for his thesis against a realist conception of science. Duhem
(1969) rejected the realist view that theories are attempts to acculeselybe nature,
given the possibility of theories that “cannot simultaneously be true but lead ticatlent
conclusions” (p. 102). If Duhem is right, then theoretical knowledge in science might
seem impossible to attain. Here is how the argument from underdeterminatiomunight

(U1) T, andT, are empirically equivalent iff they make the same predictions
about “observable” phenomena.

(U2) It's always possible, giveR, to construct arbitrarily many alternative
theories that are empirically equivalenfltdut which offer contradictory
accounts of the nature of “unobservable” phenomena.

(U3) Since scientific evidence for or against a theory consists in the
confirmation or disconfirmation of one of its observational predictions,
and each of the theories empirically equivalent to it will be equally well
confirmed or disconfirmed by any possible observational evidence.

(U4) Therefore, no scientific evidence can bear on the question of which of
these theories provides the correct account of “unobservable” phenomena.

(U5) Since this construction is possible for any thélgny follows that
scientific evidence can never decide the question between theories of
“unobservable” phenomena, and thus knowledge of “unobservable”
phenomena is impossible (Boyd, 1983, pp. 46-48).

More recently, van Fraassen advanced similar considerations againsticceaiism

and in support of his brand of anti-realism. | will return to van Fraassen shontiyow,

| wish to discuss two problems with underdetermination. If these are genuine problems
for the underdetermination argument, then perhaps it does not provide compelling
reasons for skepticism about theoretical knowledge in science after all.

The first problem, recently pointed out by Samir Okasha, is that the notion of
underdetermination itself is problematic. In particular, there is a tensioedm@tw
underdetermination and confirmation holism. As Okasha (2002) puts it:

Confirmation holism implies that the inference from andT, are empirically

equivalent’ to ‘No possible evidence can decide betWeemdT,’ is not a good

one; since the underdetermination argument depends on precisely that inference,
the force of the argument is thereby weakened. Far from holism ‘lending support’
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to underdetermination, the two ideas potentially conflict with each other (pp. 307-
308).

Okasha (2002) calls this “the holistic objection to the underdetermination argument,”
which shows that “Once the holistic character of confirmation is acknowledhged, t
possibility of finding a way to discriminate between two empirically edentaheories

on empirical grounds cannot be ruled out” (p. 307). For this can be done by frame-
shifting the holistic point to the level of theories. That is, “two distinct theosieen
conjoined with each other, may imply testable statements which neither ofntipdiesi
alone” (p. 307). Okasha (2002) provides the example of the special theory of relativity
(SR) and the “contraction hypothesis” of Lorentz and Fitzgerald (LF), whersee in a
real case how the holistic nature of confirmation invalidates the inferencéTy@andT,

are empirically equivalent’ to ‘No possible evidence can decide befWesamdT,” (p.
308). For “SR could, but LF could not, be embedded in the general theory of relativity,
and the empirical evidence for general relativity thus constituted the eahgirounds
for rejecting LF” (p. 308). As Okasha (2002) notes, anti-realists might reply to his
holistic objection by “going global,” i.e., by recasting the underdeterminatgumant at
the level of “global theories” or “total science.” As Okasha (2002) also,rfutesever, it
is not clear that the notion of a “global theory” or “total science” is cohepetLg).
Even if it is, there is another problem.

The second problem with the underdetermination argument is the theory/data
distinction on which it undoubtedly depends. The argument assumes that there are
empirically equivalent theories, and hence evidentially indistinguishglaé possible

empirical data. Two theories are empirically equivalent just in cagenthee the same

empirically testable or observational consequences. But if the distinctioadretvhat is
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empirically testable (or what is observational) and what is not cannot ba draw
coherently, then the notion of empirical equivalence is dubious. If this is so, then the
underdetermination argument fails to show that any theory has an evidentially
indistinguishable rival. In other words, without a principled distinction between theory
and empirical data, the assertion that the former is underdetermined byathis latt
problematic.

One way to try to draw a theory/data distinction, it seems, is along the lities of
“‘observable”/*unobservable” distinction. Indeed, the argument from underdetaoninat
seems to assume a theory/data distinction precisely along these lindgadasen,
perhaps most notably, has argued for a view about science that draws a distinction
between what is “observable” and what is not. Constructive empiricidra i8dw that
scientific theories simply “save the phenomena.” As far as sciethtdaries are
concerned, the constructive empiricist recommends suspending belief wittt tespe
existence of the “unobservable” entities, events, or processes postulatedri@sthéan
Fraassen argues that entities can be classified on the basis of thewvdblisgr i.e.,
whether or not they are “observable” by us. As van Fraassen (1980) writes:

The term ‘observable’ classifies putative entities (entities which mayag not

exist). A flying horse is observable—that is why we are so sure thatdahem’t

any—and the number seventeen is not. There is supposed to be a correlate
classification of human acts: an unaided act of perception, for instance is an
observation. A calculation of the mass of a particle from the deflection of its

trajectory in a known force filed, is not an observation of that mass (p. 15).
The “observable”/*unobservable” distinction is crucial for constructive eongin
because, according to van Fraassen (1980), constructive empiricism is the view tha

“Science aims to give us theories that are empirically adequate; and acceptance of a

theory involves as belief only that it is empirically adequgiel2, original emphasis).
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For van Fraassen, “to accept a theory is (for us) to believe that it is @tipiri
adequate—that what the theory sapsut what is observabl®y us) is true” (p. 18,
original emphasis).

Accordingly, the “observable”/*unobservable” distinction is also important for
distinguishing constructive empiricism from scientific realism. Thensgific realist
argues that a belief in the approximate truth of mature science’shbeses is
warranted, whereas the constructive empiricist claims that a more nattitesie is
appropriate, namely, one of “acceptance” rather than belief. To “acctbdey,
according to van Fraassen, is to believe that the theory’s claims about thedbleser
are true and to remain agnostic regarding its claims about the “unobserieéely,
then, the “observable”/“unobservable” distinction is at the core of the constructive
empiricist view of scienc&'

According to van Fraassen, the “observable”/“unobservable” distinction is based
on the classification of some human acts as acts of observation. He cldiars dlohof
observation must be instrumentally unmediated. That is to say, an act of obsehadtion t
involves instruments, such as microscopes, might enable us to detect certas entiti
However, van Fraassen insists, detection and observation are not the same. Fa, exampl
when we look through a microscope, according to van Fraassen (2001), we do not see
paramecia and the like. Rather, we only see an image of a paramecium. That is, we
detect, but do not observe, paramecia (p. 154).

In addition to being instrumentally unmediated, an act of observation must be
conceptually unmediated. This seems to be what van Fraassen is suggestimgrigyaira

distinction between ‘observing’ and ‘observing that’. As van Fraassen (1980). writes

9 Cf. Fine (2001).
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It is also important here not to confusigserving(an entity, such as a thing, event,
or process) andbserving tha{something or other is the case). Suppose one of
the Stone Age people recently found in the Philippines is shown a tennis ball or a
car crash. From his behaviour, we see that he has noticed them; for example, he
picks up the ball and throws it. But he has not skatit is a tennis ball, athat
some event is a car crash, for he does not even have those concepts. He cannot get
that information through perception; he would first have to learn a great deal (p.
15, original emphasis).
As van Fraassen explains, however, “To say that he does not see the same things and
events as we do [...] is just silly” (p. 15). So, “To say thabserved the tennis ball [...]
does not imply at all thatobserved that it was a tennis ball” (p. 15). In other words, an
act of observation does not involve the observer believing or knowing what the observed
entity is. An observer may observe a tennis ball without believing or knowing that it is
tennis ball.
As Grover Maxwell (1962) points out, ‘is observable’ is a vague predicate.
Indeed, van Fraassen seems to have conceded that much t&ciitEnsists, however,
that we should not expect a precise demarcation between “observable” and
“unobservable.” The distinction can still be a useful distinction in the philosophy of
science, according to van Fraassen (2001), so long as there are clkeaf case
“observables” and clear cases of “unobservables” (p. 153). Van Fraassen (1980)

construes “observability” as follows:

X is observable if there are circumstances which are such that, if X is peesent t
us under those circumstances, then we observe it (p. 16).

He insists that this “is not meant as a definition, but only as a rough guide to the
avoidance of fallacies” (p. 16). It is important to note that “observabibtyélativized to
“us.” For the constructive empiricist, what counts as “observable” isvelat the

epistemic community to which the observer belongs.

% See van Fraassen (1985).
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Paul Churchland (1985), among others, has challenged the clarity of the
“observable”/“unobservable” distinction. On the constructive empiricist vieweins
that distant macroscopic entities, such as galaxies and stars, are “obseExedviaef we
cannot see most of them from earth, we would be able to observe them if we were close
enough. According to Churchland, the importance the constructive empiriatestto
size, as opposed to spatiotemporal proximity, is unprincipled. The distinction between
things that are unobserved but “observable,” and things that are “unobservable,”
according to Churchland (1985), “is only very feebly principled and is wholly inadequat
to bear the great weight that van Fraassen puts on it” (p. 40).

Van Fraassen’s reply to this objection is instructive because it seenggessu
that the distinction is supposed to play a primarily epistemological role itrgcinge
empiricism. Van Fraassen (1985) says that “scientific realists tend tuaféled by the
idea that our opinion about the limits of perception should play a role in arriving at our
epistemic attitudes toward science” (p. 258). For the constructive emptheist the
distinction is pertinent to our epistemic attitudes. Van Fraassen (1985% ¢han
“experience is the sole legitimate source of information about the world” (p. 258)nAnd
a later work van Fraassen (2007) claims that “there is no purely epistamanifor
going beyond our evidence” (p. 343). Accordingly, it is quite appropriate that what we
can experience shapes our epistemic attitudes. The constructive empcmmstirends
epistemic modesty: we should resist going well beyond the deliveranceseoieaxe
and believe that what scientific theories say about “unobservable” entitigs.iRather,

we should “accept” scientific theories only as “empirically adequdie Say that a
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theory is “empirically adequate” is to say that what it asserts abowgriaiides” is
correct, but to remain uncommitted about the “unobservables” of the theory.
With this understanding of the “observable”/“unobservable” distinction in hand, |
now turn to examine two cases from science. | think that they are problensatcfoa
the constructive empiricist, especially in light of van Fraassen’stasstrat what
counts as “observable” cannot be determined a priori, but rather is the subject of
scientific inquiry (1980, pp. 56-58). If these cases are indeed problematic fouctastr
empiricism insofar as they show that a clear “observable”/“unobservabteiation
cannot be drawn, then a clear theory/data distinction cannot be drawn alongiese li
either. If that's the case, then the “empiricist argument” fails.
According to Kitcher, on the constructive empiricist view, it is not clear et
dinosaur is “observable” or not. As Kitcher (1993) writes:
Nobody has ever had unaided observation of a dinosaur or of the members of
countless other species which inhabited our planet before we evolved. Are these
organisms unobservable or simply unobserved? Perhaps we can think of
ourselves, in the style of van Fraassen’s though experiment, as transported back i
time (as we might be transported in space to Jupiter for the close-up view of the
moons) and provided with an opportunity to confront Triceratops. But is time
travel physicallypossible? If it is not, then it appears that van Fraassen’s test will
not allow this type of explanation of the observability of dinosaurs (p. 152).
Although I think Kitcher is right, 1 will grant the constructive empirictsttttime travel is
possiblein principle. That is to say, the constructive empiricist may insist that, even
though we may not be able to go back in time and observe a dimogaactice we
could do san principle, and that is why dinosaurs count as “observable” entities. In other

words, a dinosaur is “observable” because if | were standing in front of one in broad

daylight, then 1 would see it. However, in the case | would like to examine nextiyname
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that of Mitochondrial Eve, it is not clear that the entity in question counts as “oblegrva
in a straightforward way.

Mitochondrial Eve is a theoretical entifyShe is the hypothetical female that is
supposed to be the most recent common ancestor of all humans alive today in terms of
matrilineal descent. Based on the analysis of mitochondrial DNA (mtDNA) from
diverse peoples all over the world, researchers have suggested that thiditexhale
around 200,000 years ago. They also suggested that she most likely lived in Africa and
that is why she is also known as “African Eve.” According to Cann, et al (1987):

We infer from the tree of minimum length [a genealogical tree for 134 types of

human mtDNA] that Africa is &kely source of the human mitochondrial gene

pool. Thisinferencecomes from the observation that one of the two primary
branches leads exclusively to African mtDNAs [...] while the second primary
branch also leads to African mtDNAs [...]. Bpstulatingthat the common
ancestral mtDNA [...] was African, wainimize the number of intercontinental
migrations needed to account fire geographic distribution of mtDNA typés.
follows thatb is alikely common ancestor of all non-African and many African

MtDNAS (p. 33, my emphasis).

The Mitochondrial Eve hypothesis has generated a debate and some of the dettils ar
being sorted out For present purposes, however, it is not important whether the
hypothesis is well-confirmed or not. What is important, for present purposes, leewhet
or not Mitochondrial Eve, if she existed, counts as “observable” or not.

The case of Mitochondrial Eve seems to be problematic for constructive
empiricism. According to Musgrave, any statement of the fafms hot observable by

humans’ cannot be a statement about something “observable” by humans, and so the

constructive empiricist cannot believe thétis unobservable by humans’. Musgrave

% | owe this example to Alberto Cordero.

" The Mitochondrial Eve hypothesis is often misusttend and (erroneously) taken to have religious or
theological significance. See Sykes (2001).

% See, e.g., Loewe & Scherer (1997).
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(1985) argues that “the consistent constructive empiricist cannot draw abkeorka
observable/unobservable distinction” (p. 208). Commenting on Musgrave’s criticism,
Andre Kukla (1998) writes:
Musgrave is right when he claims that Van Fraassen can't allow himself to
believe that electrons are unobservable. But there’s no reason why he shouldn’t
believe that electrons are unobservablkey exist What anti-realists refuse to
believe is any statement that entails that theoretical entities Buisthe claim
that theoretical entities are unobservable-if-they-exist doesn’t vidiigte t
prescription (p. 139).
Now, since Mitochondrial Eve is a theoretical posit, whose existence is postulated on
superempirical grounds, such as simplicity, to account for mtDNA data, it Seantise
constructive empiricist should remain agnostic about her existeifcghe existed,
however, it seems that she should be “observable.” That is, if there were such a human
female, then she would be “observable.” Just as dinosaurs are “observable,” so should
Mitochondrial Eve be “observable.” We could—if not in practice, then in principle—go
back in time and observe the individual female that is Mitochondrial Eve. So, on the one
hand, if the constructive empiricist were to insist that Mitochondrial Eve is
“unobservable,” since she is a theoretical entity, then that would seem rather
counterintuitive. On the other hand, if the constructive empiricist were to ddihit t

Mitochondrial Eve is indeed “observable,” he would be thereby admitting that a

theoretical posit could be “observab8®

% Criticizing a premise in Nicholas Maxwell’s Mast&rgument against Constructive Empiricism, Muller
(2008) says that this premise, which is “going frolbservable behavior to unobservable mental states,
smacks too much of an Inference-to-the-Best-ExpiangIBE), which is a mode of inference that Van
Fraassen is very critical about, in particular whitetoncerns aexplanandunabout observables only and
anexplananswhich is also about unobservable” (p. 143). See whn Fraassen (1989), pp. 131-150.

190 cf. Muller (2004). According to Muller, “In all teresting cases of unobservables that occur irpsete
scientific theories, the objects are unambiguousigbservable (electrons, forces, gluon-fields, bblaales,
tau-neutrino’s, superstrings, and so forth), whitdkes the case of ambiguous unobservables largely
‘academic’ (in its pejorative sense)” (p. 85, nbjelf the aforementioned considerations are corthen
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To this the constructive empiricist might reply by recalling the distinct
between ‘observing’ and ‘observing that'. Perhaps we colderve the individuabut
we could nobbserve thashe is Mitochondrial Eve. In other words, even if we managed
to come across the human female that is Mitochondrial Eve, we could not observe that
she is Mitochondrial Eve, i.e., that she has the property of being the ancestor of all
humans alive today on the female line. Such properties, like being Mitochondrial Eve, are
not “observable,” for the most part. This might be a satisfactory responsdjaihdie
the constructive empiricist, although it seems to suggest that prima facezvalbe”
properties, such as having an elliptical orbit and many others, turn out to be
“unobservable” as well. For, in principle, we could be in a spatiotemporal position, just as
we could in principle go back in time, such that we could observe the elliptical orbit of a
particular planet (though, admittedly, over a long period of time). | supposs theatly
why Churchland protested against the seemingly unprincipled importandeesdttac
size, as opposed to spatiotemporal proximity, by the constructive empiricibiatBestit
may, | will now turn to the second case, which, I think, is more problematic astfa as
“observable”/“unobservable” distinction is concerned.

In 2008, Osamu Shimomura, Martin Chalfie, and Roger Tsien were awarded the
Nobel Prize in Chemistry “for their discovery and development of the greeeslent
protein, GFP.*** According to the Royal Swedish Academy of Sciences (2008), “When

scientists develop methods to help them see things that were once invisiblehresearc

Mitochondrial Eve is perhaps an ambiguous unob&devi#t seems to me that we cannot simply dismiss
this case as “largely academic.”
101 Available at <http:/nobelprize.org/nobel_prizé&mistry/laureates/2008/index.html>.
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always takes a great leap forwald1t seems that GFP, or rather the array of tools
developed as a result of the discovery of the GFP, is one such method.

GFP is found in a species of jellyfish knownfgexjuorea victorialn Aequorea
victoria, a protein calleédequorinreleases blue light when binding with calcium. GFP
absorbs this blue light and gives off green light. The green color of GFP appears unde
blue and ultraviolet light. According to the Royal Swedish Academy of Sci¢p@es):

the discovery of GFP relates to a miraculous property of the chromophore that is
responsible for its fluorescence. This chromophore is formed spontaneously from
a tri-peptide motif in the primary structure of GFP, so that its fluoreseence
“automatically” turned on in every organism where it is expressed. In other
words, the maturation of the tri-peptide-based chromophore in GFP only requires
oxygen and does not depend on the presence of enzymes or other auxiliary
factors.GFP and its related variants thereby provide universal genetic tags that
can be used to visualize a virtually unlimited number of spatio-temporal
processes in virtually all living systerfs 1, my emphasis?-

The discovery of GFP has enabled researchers to develop a set of tools that can be used

with laboratory animals, such as flatworms, aldae;oli, and pigs, in order to illuminate

growing cancer tumors, track the development of Alzheimer’s disease, andh&ehow

growth of pathogenic bacteria. According to the Royal Swedish Acadentyericgs

(2008):
These GFP-like proteins allow the monitoring in time and space of an ever-
increasing number of phenomena in living cells and organisms like gene
expression, protein localization and dynamics, protein-protein interactions, cel
division, chromosome replication and organization, intracellular transport
pathways, organelle inheritance and biogenesis, to name but a few. In addition,

the fluorescence from single GFP molecules has made it feasible toatreage
spatial resolution higher than the diffraction limit (p%).

102 Available at <http:/nobelprize.org/nobel_prizésmistry/laureates/2008/info.pdf >.

103 Available at <http://nobelprize.org/nobel_prizésmistry/laureates/2008/chemadv08.pdf>.

194 bid. In general, the best images one can obsiimuight can make out features no smaller thaugb
half the light's wavelength, approximately 200 namsters using the shortest-wavelength visible light.
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By now, GFP and GFP-like proteins constitute a “tool box” of genetic tags that is used
extensively in laboratories for studying dynamic processes in all [syaems®

Consider two studies in which these GFP and GFP-like proteins are used. In one
study, a team of Harvard researchers genetically modified the nelssefamlice to
produce varying amounts of three GFP-like proteins that fluoresce yellowgoearty
red. The result was mice that glowed in the colors of the rainbow, and thus the project
was called “the brainbow.” The brainbow enables researchers to follow nervdidmers
individual cells in the dense network in the brifhin another study, researchers used
GFP and GFP-like proteins to genetically modify arsenic-resistardrizgo that it will
glow green in the presence of arsefilicThe same method has been used by other
researchers for detecting the presence of explosive trinitrotoludiig @hd heavy
metals, such as cadmium or zinc.

Now, the constructive empiricist may not be impressed with GFP and GFP-like
proteins as methods for tagging and marking microscopic entities and inteacel
processes because, after all, microscopes must still be used to observaetiiesared
processes by means of these genetic tags. Recall that, for the carestrogiricist, the
act of looking through a microscope is not an act of observation. That is, when we look
through a microscope, we do not directly observe a paramecium; we merely @rserve
imageof a paramecium. By looking through a microscopedetect but do not observe,

a paramecium (van Fraassen, 2001, pp. 158-160).
As Alspector-Kelly (2004) points out, “The claim that we can only see what the

human senses can detect without aid or supplementation of some sort is not a conceptual

1% gee, e.g., Zimmer (2005).
1% 5ee Livet, et al (2007).
197 See Hsiu-Chuan, et al (2005).
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truth; or, if it is, it is far from obvious that it enjoys that status” (p. 332). AlspdGelly
argues that van Fraassen needs an argument for this epistemic privilegegthat$eo
immediate experience. | think that Alspector-Kelly is right about this. Buait grant the
constructive empiricist that “observables” are those entities that weeanith

instruments and without instruments. However, recall that in order to get out of the
problem posed by the Mitochondrial Eve case, it seems that the constructiveismpiric
needs to invoke the distinction between ‘observing’ and ‘observing that’. That is, we can
observe the individual human female that is Mitochondrial Eve, but we cabsertve

that she is Mitochondrial Eve. Taking this line, however, seems to get the constructive
empiricist into trouble as far as the GFP case is concerned. For, in thisveanay not

be able to observe the entities under the microscope in a way that would satisfy the
constructive empiricist, but we adserve thathey fluoresce green (or red, yellow, and
other colors besides). Furthermore, we could vindicate that in a way that is not
instrumentally mediated, because GFP and GFP-like proteins glow ing$egctive

colors under blue light. Researchers have already done that with nude transgenic m
Under blue light, every cell in the body of these nude transgenic mice that caatains
fluoresce green. The same technique was used with other organisms, such as
salamanders, fruit flies (and the sperm of male fruit flies), mosquitoes @sglito
larvae,C. elegansvorms, as well as brain tumors and cancer ¢&lisow, it seems that,

in principle, we could do the same with van Fraassen’s notorious “unobservable”—the
paramecium. If the constructive empiricist were to insist that we candubegaramecia
are just too small, then he would be attributing epistemological signifi¢arsize in an

unprincipled way.

198 5ee Zimmer (2009), the GFP website <http://gfpncoli.edu >.
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Perhaps van Fraassen’s “new epistemology” might shed some light on the
constructive empiricist’s agnosticism with respect to “unobservabdesdrding to van
Fraassen (1989):

Any act of decision can be evaluated in two ways. If we evaluate it beforehand,

we ask howeasonablet is, and afterward, we ask to what extent it was

vindicated The two cannot be the same since the agent cannot have knowledge

beforehand of the exact outcome and consequences of his action—vindication or

the lack thereof lies as yet beyond his ken. But there must be a connection, since
the point of deciding or acting lies in the outcome (broadly construed). Therefore

a minimal criterion of reasonableness is @i should not sabotage your

possibilities of vindication beforeharfd. 157, original emphasis).

Accordingly, the constructive empiricist might argue that it is unreasenalelieve in
“unobservables” because we are thereby “sabotaging our possibilities of vordicat
beforehand.” But why think that we are “sabotaging our possibilities of vindication
beforehand”? After all, the constructive empiricist insists that vindicaor lack thereof,
lies beyond our ken. If anything, the GFP case seems to show that we are ngirgabota
our possibilities of vindication. Our beliefs in the existence of “unobservables” beght
vindicated in yet unforeseen ways. It seems to me that suspending belief in unobservabl
on the assumption that vindication is (likely) not forthcoming is just as epistgmica
immodest, by empiricist lights, as believing in unobservables and insiséing t
vindication is at hand. In other words, it seems that the constructive empiricist
recommends agnosticism about “unobservables” because he assumes thatoriridicati
unlikely. But this assumption, as the GFP case seems to show, is unwarranted.

Unlike the case of Mitochondrial Eve, where the problem is how the constructive
empiricist would characterize the entity in question (i.e., as “observable” or

“unobservable”), the GFP case presents a different problem for construcpirecism.

The problem seems to be that the constructive empiricist can’t have it both wape, i.e
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can't label certain entities as “unobservable,” while, at the same tioletd science to
tell us which entities are “observable” and which aren’t. More explicitl constructive
empiricist claims that we should turn to science to find out which entities are
“observable” and which are “unobservable.” According to van Fraassen (1980):

If there are limits to observation, these are a subject for empirical ecesmt not

for philosophical analysis. Nor can the limits be described once and for alls just a

measurement cannot be described once and for all (p. 57).
As the GFP case seems to suggest, however, an entity that we may have cbnsidere
“unobservable,” may turn out to be “observable” after all. So the GFP is a cage wher
science can yield a verdict of “observable” regarding entitieshkatdnstructive
empiricist characterizes as “unobservable,” such as paramecium. # gesrthe
constructive empiricist should welcome such verdicts from science. The problem is
however, that by labeling entities as “unobservable,” the constructive estpseeims to
be ruling out (perhaps a priori) science’s role in determining what is “cdider” It
seems that the constructive empiricist should leave open the possibility thatesdivanc
science might enable us to observe that which was unobserved thus far. If thiscts corre
however, then there are no grounds for labeling entities as “unobservable.” The
constructive empiricist should heed his own call for epistemic modesty ardhesis
temptation of going well beyond the deliverances of experience. The facteteven’t
observed an entity thus far is not a compelling reason for thinking that we willlever
able to observe it by any means, or to vindicate our belief in that entity byeamspand
thus it is not a sufficient reason for labeling that entity “unobservable.”

As F. A. Muller (2004) points out, critics of the “observable”/“unobservable”

distinction usually object to drawing the distinction within constructive emgmigp.
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81). That is to say, critics argue that the distinction clashes with othemppesof
constructive empiricism’ If the aforementioned considerations are correct, then the
lessons of the GFP case can be put in a similar way. More explicitly, theaS&P ¢
suggests that the distinction clashes with the constructive empiricisiimmeendation
for epistemic modesty, especially given his commitment to turning to scienaedwers
as to what is “observable.” According to van Fraassen (1980):
science itself delineates, at least to some extent, the observablef plagtsvorld
it describes. Measurement interactions are a special subclass agphysi
interactions in general. The structures definable from measurement data are
subclass of the physical structures described. It is in this way that sitgaice
distinguishes the observable which it postulates from the whole it postulates. The
distinction, being in part a function of the limits science discloses on human
observation, is an anthropocentric one. But since science places human observers
among the physical systems it means to describe, it also gives itseitlod ta
describing anthropocentric distinctions (p. 59).
Based on this passage, it seems that it should be an empirical matter for theetvoast
empiricist whether a certain entity is “observable” or not. If this is cgrtleen it seems
that the distinction clashes with this methodological principle of constructip&ieism.
To see why, consider what van Fraassen (1980) says about flying horses: ¢&Atyse
is observable—this is why we are so sure that there aren’t any” (p. 15). étersly,
van Fraassen and Muller (2008) emphasized this point again:
Before we know whether Pegasus exists or not, we classify it as obsgitvigble
in part because flying horsase observabl¢hat we are so sure there aren’t any
(p. 202, original emphasis)°
On what grounds do we classify Pegasus as “observable™?

It seems that the answer to this question is not clear. For, on the one hand, the

constructive empiricist insists that science tells us what is “obsehaidevhat is not.

19 5ee, e.g., Friedman (1982) and Musgrave (1985).
10 cf. Dicken & Lipton (20086).
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For the constructive empiricist, “To delineate what is observable [...] we pualstd
science [...] for that is also an empirical question” (van Fraassen, 1980, p. 57). On the
other hand, observation, in the constructive empiricist sense, is supposed to be
instrumentally and conceptually unmediated. And the question “what is observalbige,” i
theory-independent question” (van Fraassen, 1980, p. 57). It is not clear, however, how
science can give an answer to this theory-independent question, espectigvtiee
that the constructive empiricist wants, namely, that some things are “uveliiséor
“observable” before we even know whether or not they exist.

To see why, consider the flying horse again. The constructive empiriemssge
suggest that we classify Pegasus as “observable” before we know wiretléit exists.
Is this classification grounded in empirical facts? How can we be “so siatePégasus
doesn’t exist even if it is “observable”? Perhaps the constructive entpagises as
follows:

(FH1) If there were any flying horses, we would have observed thenagablee

of them, since flying horses are “observable”).

(FH2) We haven't observed any flying horses.

(FH3) Therefore, there are no flying horses.
But if this is why “we are so sure there aren’t any” flying horses, tharitave doing
exactly what the constructive empiricist recommends we should not do, i.e., go well
beyond the deliverances of experieri¢e?

Perhaps an analogous case would be helpful here. It seems that the constructive

empiricist should grant a distinction analogous to the “observable”/“unobservable”

11| admit that this reconstruction seems rather &edhaps one would prefer to construe the reasaming
guestion as an inference to the best explanat®B)(IThe fact that we haven't observed any flyimgdes
for so long is best explained by supposing thatl{pbly) there aren’t any. As an anti-realist, vamalssen
clearly rejects explanation as a guide to theamkticth. But does he accept explanation as a goide
empirical adequacy? [fhe Scientific Imagél980) it seems that he does. In his later wdrksyever, it
seems that he wants to reject IBE altogether.
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distinction, namely, the audible/inaudible distinction. After all, it seems relalsotoa

suggest that the sense of sight is not the only source of information humans have about
the world; there are other sensory modalities, such as hearing, smelhridsimjch*?
Presumably, the constructive empiricist would not want to privilege vision as the only
source of information about the world. If this is so, then how can we classiftaacer
sound as audible or inaudible, in the same way that the constructive empiriciBeslass
flying horses as “observable™? The problem becomes even more acute whetatlis

that the constructive empiricist demands that proper acts of observation beargally

and conceptually unmediated. So, in the case of sound, this seems to mean, at the very
least, that we haven't detected the sound in question yet. How can we tell véhether
sound we haven’t detected yet is audible or inaudible? How can we tell whetleer it is
ultrasound (sound above the 20 kHz limit of our hearing) or infrasound (sound at
frequencies lower than what we can hear, approximately below 20 Hz)?

The constructive empiricist would urge us to keep the
“observable”/*unobservable” and the existent/non-existent distinction sepdret
‘observable/unobservable’ classification is quite independent, logically, of the
‘existent/non-existent’ distinction” (Muller & van Fraassen, 2008, p. 202). Ewee do
not infer “non-existent” from “unobservable,” however, the problem remains how to
classify entities as either “observable” or “unobservable” before we Kmaviitey exist,
unless we somehow do it a priori. It seems that we cannot turn to science for an answer
which is problematic for the constructive empiricist, given his insistentedlence

delineates what is “observable.” We can see why this is so by consideringalbgoas

12 Not to mention the vestibular system, kinaesthesid proprioception, in the human case, and
electroreceptors, magnetic sense, and infra-redrvia the case of other species.
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audible/inaudible distinction again. Indeed, if we turn to science, we are told that some
animals can hear the high frequencies we cannot. For example, dogs can heloup to a
40 kHz, which is why dog whistles work, bats can hear up to about 100 kHz, some fish
can hear at about 180 kHz. And some animals hear infrasonic frequencies. For example,
elephants can hear infrasonic frequencies at levels inaudible to humans (appetyxi
15 Hz)** The point, then, is that we can't classify things as “observable” or
“unobservable” in the way that the constructive empiricist seems to want, i.e., by
scientific inquiry, unless we go beyond the deliverances of experience, whichwhat
the constructive empiricist recommentds.

If this is correct, then there seems to be a tension between the followirggdenet
constructive empiricism:

(CE1) The “observable”/“unobservable” distinction: distinguishing between what

is “observable” by us (even in principle, though not in practice) and what
is not.

(CE2) Epistemic modesty: resisting going beyond the deliverances ofenqgeeri
(In the case of scientific theories, this means taking theories as
“empirically adequate,” i.e., believing what the theories say about
“observables,” while remaining agnostic about the “unobservables”).

(CE3) Methodological principle: turning to science for answers to questions
about what is “observable” and what is not.

3 How do we know that these sounds are present®lnase of infrasound, for instance, they affect us
even though we can’t hear them. For example, aiditioners, boilers, airplanes, and cars produce
infrasound that may not lead to hearing loss, ®lthown to cause dizziness, nausea, headaché #te.
case of cars, traveling at high speeds, this explahy some people get carsick.

1141t seems reasonable to suggest that hearing sisipistecting sounds by means of a particular sgnso
system just as smelling simply is detecting odgreneans of a particular sensory system. Why dodisa’t
same point apply to the case of vision? Seeingriplg detecting... Perhaps that is the problem. What
exactly are we detecting when we use our sensgluf’sThe standard account is that light is refddty
the cornea in the eye through the pupil in thedrid onto the lens. The lens focuses images oatretina.
These images are received by light-sensitive called photoreceptors (cones and rods). These
photoreceptors convert light stimulation into elieeti nerve impulses which then stimulate the opécove
and are transmitted via that nerve to the brainvBa Fraassen (2001), however, light itself is
“unobservable.” Cf. Alspector-Kelly (2004). Whateveis that we are detecting when we see, it seems
unreasonable to ask for a way of detecting thapthiithout using the sense of sight itself, fort tvauld

be analogous to asking us to detect sounds witging our hearing system or detecting odors without
using our olfactory system.
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The tension is suggested by the two cases discussed above. The case of Mitdchondria
Eve is problematic for the constructive empiricist because Mitochondriadégaras to be
a theoretical posit that should be “observable.” The constructive empireysinsist
that, although entities, such as human beings, may be “observable,” properties, such as
being the most recent common ancestor of all humans alive today on the mhliniéea
of descent, are usually not. We can usually observe other humans, and so, in principle, we
could observe Mitochondrial Eve. But we could not obs#raéshe is our most recent
common ancestor.

This insistence, however, seems to be at odds with (CE3). For the constructive
empiricist, science aims to give us empirically adequate theories, egtaace of a
theory involves the belief that it is empirically adequate. A theory is eralyri@dequate
if what it says about “observables” is true. If the constructive empiigcrgght, however,
then “unobservables” are beyond our ken and science is not in the business of finding out
about them. If that is the case, how can we expect science to tell us witasgas/able”
and what is not? To put it another way, the property of being “unobservable” is itself
“unobservable,” and thus beyond the scope of science by the constructive empiricist’s
lights, since he takes the aim of science to be empirical adequacy (i.eis tvha about
the “observable”).

Contrary to (CE2), it seems that the constructive empiricist is going belyend t
deliverances of experience when it comes to the “observable”/“unobservaliletdia.
The case of the GFP seems to show that it is possible that some entities that are
considered “unobservable,” may be observed, and thus turn out to be “observable” after

all. This is a verdict that science can issue. It seems that the constemspirecist wants
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science to be able to issue such verdicts. But (CE3) seems to be at odds withinglassif
entities as “observable” and “unobservable,” i.e., with (CE1). As the GFPam®s $0
illustrate, it seems that we are justified in talking only about “observedl” a
“unobserved” entities rather than “observable” and “unobservable” entities. Atrthe ve
least, it seems that we should remain open to the possibility that the empeesehses
may be enlarged and strengthened, as Robert Hooke had hoped.

If this is correct, then why would van Fraassen insist on drawing a hopelessly
muddled distinction? | think the answer is that without a firm
“observable”/*unobservable” distinction to rely on, constructive empiricism sé¢etose
its claim to being a philosophy of actual science. For van Fraassen (206tk) timest
“Constructive Empiricism, the view introducedThe Scientific Images a view of
science, and answer to the question ‘what is science?” (p. 151). So, constructive
empiricism is supposed to be a doctrine about what the aim of science actugaltytcs
answer the charge of being epistemically immodest, by empiricist, libletsonstructive
empiricist urges that the doctrine that the aim of science is truth about wietdmas
observed would fly in the face of scientific practice. As Monton and van Fraassei (2003
admit:

there would be no scientific reason for someone to do an experiment which would

generate a phenomenon that has never been observed before. But one of the

hallmarks of good scientists is that they perform experiments pushing ttsedfm

what has been observed so far (p. 407).

So the constructive empiricist needs the distinction in order to account for actnaks
in particular, for the fact that scientists are attempting to gain knge/labout the

unobserved. To do so, the constructive empiricist claims, scientists must bedietreet/

are dealing with “observable” entities. But if the aforementioned consimiesaare
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correct, this cannot be done in the way that the constructive empiricist seduiogher
words, if talk about “observable” and “unobservable” entities in the constructive
empiricist’s sense is unwarranted, as | have argued, and if the doctrine tiat tife
science is truth about what has been observed “fails to capture our idea of witatid is
good science” (Monton & van Fraassen, 2003, p. 407), then the constructive empiricist
has nothing to resort to in order to capture that idea of “good science.”

The epistemic account of scientific progress, it seems to me, can eadily avoi
these problems, for it takes science to be an epistemic enterprise. AsnAJdimes
(1897) pointed out, knowers are guided by two distinct imperatives: “believe truth” and
“shun error” (p. 18). Emphasizing one more than the other can lead to differentettateg
On the one hand, if we take “believe truth” as more important, we might believangs m
things as we can on the assumption that we would thereby maximize truth lagimgre
our chances of believing some truths. On the other hand, if we take “shun error” to be
more important, we might adopt a strategy similar to what the construstpi@@st is
proposing in order to minimize the risk of error. But then why stop at the “observable”
level? Why not go all the wa}/? It seems to me that scientific practice in general, and
the episodes discussed in Chapter 2 in particular, show that scientists take bethi@pist
imperatives seriously. They not only seek truth but also shun error. In that respect,
scientists may be more accurately characterized as knowledge-sagkershan simply
truth-seekers. For the concept of knowledge includes the concepts of truth as well a
justification. That is why the concept we need in order to understand scientifiegsagr

(scientific) knowledge.

15 35ee also Neta’s example of the light switche®i@nAppendix “The Analysis of Knowledge.”
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If this is correct, then a theory/data distinction cannot be drawn along the lines of
the “observable”/“unobservable” distinction. Without a theory/data distinction, howeve
the “empiricist argument” cannot run. Another way to try to draw a theory/data
distinction is to make it relative to a particular context of inquiry. This s¢éeinave
been the strategy of philosophers of science who argue that the underdetenminati
argument does not depend on a dubious theory/data distinction. For example, Paul
Horwich (1991) argues that “the objection [that all observation is theory-ladenhdbes
[...] undermine the idea that new theories are not simply observed to be true, but have to
gain their credibility by means of inference” (p. 38)Likewise, Yemima Ben-

Menachem (1990) argues that “it is a plausible assumption about any investigdtion tha
some sentences are treated as data while others are taken to be the@e#ca). What
these philosophers seem to have in mind is what Okasha (2002) calls “the platitude”:

It is an obvious fact, a platitude, that scientists invent hypotheses whose truth-

values cannot be directly assessed, but can only be determined, if at alk, by firs

determining the truth-values of other statements which they imply. The forener a

theoretical, the latter observational. Thus the existence of a theory/olservati

distinction is uncontroversial (p. 316).

This platitude gives us a theory/data distinction that is relative to ayparteontext of
inquiry. That is to say, statements do not qualify as theoretical or empbgUtely,

but rather in relation to a given context of inference. The same statement carscount a
theoretical in some contexts and as observational in other contexts. Is this noreabsolut
context-variant theory/data distinction enough to run the underdetermination argument?

It might appear as if this theory/data distinction—although it does not give us a

absolute, context-invariant distinction—is enough to run the underdetermination

argument. As Okasha points out, however, on closer inspection, it turns out to be

16 cf. Laudan & Leplin (1991).



147

insufficient for the skeptical conclusion it purports to support. For, as we have seen, in
order to respond to Okasha'’s holistic objection, the anti-realist has to “go globatg i.e
reformulate the underdetermination argument to apply to “global theoriestal “t
sciences ™’ But this move, Okasha argues, presumes that an absolute theory/data
distinction can be drawn. As Okasha (2002) puts it:

The concept of a global theory entered the picture in reply to the holistic worry

that incorporation into a larger theory could decide between two empirically

equivalent theories; anti-realists tried to defuse this worry by constheirg t

argument in relation to the ‘global theory of the world’. This global theory is

supposed to be maximally inclusive, to save all the phenomena that there are;
anti-realists suggest that the totality of these phenomena underdetermine the
global theory. Bulif this suggestion is to make sense, it must be possible to say of
any true statement whether it belongs on the ‘theory’ side or whether it describes
one of the ‘phenomena’ which have to be sgpe®17, my emphasis).
Hence, according to Okasha (2002), a theory/data distinction that is coratixverafill
not be sufficient to run the underdetermination argument at the global level, for this
distinction “permits one and the same statement to count as theoretical ainsesnas
observational at others” (p. 317). This context-relative distinction, then, is not enough to
make sense of the claim that the global theory of the world is underdetermined by th
totality of empirical evidence; only an absolute theory/data distinctionicahat.

For present purposes, then, we can accept “the platitude,” and the context-relative
theory/data that it yields. It seems to me that the epistemic accourgradffecprogress
doesn’t need more than that, i.e., it doesn’t require an absolute theory/data alfstincti
That means that claims to scientific knowledge are distinguished astitedare
empirical, not absolutely (e.g., by virtue of referring to “unobservable’iestit

processes, or events), but relative to the context in which they appear. The sane cla

knowledge can thus be theoretical in one context and empirical in another context. In that

17 See also Boyd (1983), pp. 55-56.
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case, theoretical knowledge (TK) is inferential knowledge and empkmncatiedge (EK)
is factual or descriptive knowledge. On the epistemic account, then, the statement
“[Mitochondrial Eve] is a likely common ancestor of all non-African and nyafnizcan
mtDNAS” counts as theoretical, not because Mitochondrial Eve is “unobservable,” but
because this statement is inferred from other statements about mtDNethakken as
“data.”

If this is correct, then the underdetermination argument doesn’t provide
compelling reasons for skepticism about theoretical knowledge in sciencés mbtgo
say that there might not be cases of local, effective underdetermination,spitictréo
which we might have to suspend belief for the time being, e.g., as in the case of the
various interpretations of quantum physitsHowever, as Alberto Cordero (2001)
argues, “nothing of global skeptical or agnostic significance follows frorkititeof
underdetermination presently encountered in fundamental quantum theory” (p. S301).
5.c. The Pessimistic Meta-Induction

If the considerations advanced in section 5.b. are correct, then the “empiricist
argument” (the underdetermination of theory by data) doesn’t provide compebisgns
for skepticism about theoretical knowledge in science. Another challenge tdittadore
knowledge is the skeptical reading of the history of science. According to Kuhn (1992),
“All past beliefs about nature have sooner or later turned out to be false” (p. 14)nLauda
expands on Kuhn’s claim by providing a list of theories that were once successful but
later rejected. As Laudan (1981b) writes:

What the history of science offers us is a plethora of theories which were both
successful and (so far as we can judge) non-referential with respect t@fmany

18 5ee Psillos (2000).
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their central explanatory concepts. [...] Let me add a few more prominent
examples to the list:

-the crystalline spheres of ancient and medieval astronomy;

-the humoral theory of medicine;

-the effluvial theory of static electricity;

-‘catastrophic’ geology, with its commitment to a universal (Noachian)

deluge;

-the phlogiston theory of chemistry;

-the caloric theory of heat;

-the vibratory theory of heat;

-the vital force theories of physiology;

-the electromagnetic aether;

-the optical aether;

-the theory of circular inertia;

-theories of spontaneous generation.
This list, which could be extended ad nauseam, involves in every case a theory
which was once successful and well confirmed, but which contained central terms
which (we now believe) were non-referring (p. 33).

This argument has generated an enormous literature and came to be known as the
Pessimistic Meta-Induction (PMI). There are also several objectidh$'t However, |
would like to focus on an aspect of this argument that, as Kitcher points out, we should
resist'?° According to Kitcher, an important part of the argument is an implicit holism.
As Kitcher (2002) writes:
We are invited to think of whole theories as the proper objects of knowledge, and
thus, because the theory, taken as a whole, turns out to be false, we have the basis
for a “pessimistic induction.lt doesn’t follow from the fact that a past theory
isn't completely true that every part of that theory is f§s€388, my emphasis).
On the epistemic account of scientific progress, we should resist this kind of holism
because the proper objects of knowledge are statements (or propositions) rather tha
whole theoried®

By way of illustration, consider the following example, discussed by Leplin

(1997, p. 133). Suppose that there is a power outage in my house. Upon looking outside

195ee, e.g., Lewis (2001); Lange (2002); Saatsip00
120 5ee also Psillos (1996).
121 5ee also Kitcher (1993), p. 118.
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my window, | see a utility truck parked nearby and some workers digging iattie y
Since | made a call to the phone company earlier about a certain problem vpttongy
line, | infer that telephone repairmen, who have responded to my earlier call,
inadvertently cut the power line to my house. Unbeknownst to me, however, it is not
telephone repairmen who have cut the power line but cable repairmen whom | had not
expected. Now, if we take this “theory,” i.e., that there is a power outage in my house
because telephone repairmen have inadvertently cut the power line to my house, as a
monolithic whole, then it is strictly false. However, this theory involves skokians,
some are true and some are false. On the one hand, it is not the case that telephone
repairmen working in the backyard have inadvertently cut the power line. On the other
hand, it is the case that repairmen working in the backyard have inadverterily cut
power line. | may not know the truth, the whole truth, and nothing but the truth about this
state of affairs. But | do know some parts about it, and those parts are thermgelves t

We can see how this works in the episodes from the history of bacteriology and
immunology discussed in Chapter 2. In ArsInquiry into the Causes and Effects of the
Variolae Vaccina€1798), Edward Jenner (1749-1823) argues that cowpox originated as
grease, a disease common in horses. He claims that it was transmitted tohaw
horse handlers helped with milking on occasion. In addition, Jenner (1800) claims not
only that cowpox protected against smallpox but also that “what renders the Cow Pox
virus so extremely singular, is, that the person who has been thus affected is &ftegver
secure from the infection of the Small Pox” (p. 7).

Now, if we take the entirbaquiry as Jenner’s “theory,” then it is strictly false as a

whole. He was wrong about grease being the origin of cowpox. He mistakenly took
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horsepox for grease, and there was no intermediate passage through cows either. Eve

though he got some things wrong, he was right about others. His hypothesis, properly

construed, is correct. While it is not the case that vaccination provides lifelongtiomte

as Jenner thought, it is the case that repeated vaccination, properly done, centribute

the control of smallpox. Indeed, Jenner paved the way for this knowledge, and the know-

how for selection of correct material for vaccination, with his distinction éstvirue

and spurious cowpox. Nowadays, pseudocowpox (milker's nodes) is recognized as a type

of spurious cowpox®? According to the World Health Organization, “Publication of the

Inquiry and the subsequent promulgation by Jenner of the idea of vaccination with a virus

other than variola virus constituted a watershed in the control of smallpox, for which he

more than anyone else deserves the credit” (Fenner, et al, 1988, chap. 6, p. 264).
Another example is Ehrlich’s side-chain theory of antibody formation. As we

have seen in Chapter 2, Ehrlich proposed that harmful compounds can mimic nutrients

for which cells express specific receptors. However, he considered tbeptors to be

on all cell types. He also did not realize that there are specialized preéilsesuch as

B lymphocytes. He thought of the entire spectrum of receptors as a sindglecaeise he

considered their main task as the uptake of different nutrients. These are parts of

Ehrlich’s side-chain theory that turned out to be incorrect. It does not followybeowe

that the entire theory is wrong. Despite these errors, the theory is basedrect ¢

principle, which is that “specific receptors on cells interact with foreigternal in a

highly specific way, and this triggers their increased production and reteasée cell

surface so that they can inactivate foreign material as antibodies'nfidanf 2008, p.

707).

122 5ee Baxby (1999).
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If the aforementioned considerations are correct, then, contrary to theiBgssi
Meta-Induction, the epistemic account seems to mesh with the history of stience.
theories are not taken as monolithic wholes, then it seems reasonable to suggest tha
modest contributions to scientific knowledge can be made even if the thaloretic
background in which they are embedded is not strictly true as a whole. The proper objec
of knowledge are statements (or propositions), and so scientific progress should be
evaluated on the basis of individual claims to knowledge rather than whole theories. As
we have seen in Chapter 2, this seems to be the way in which scientists thersseb®s a
scientific discoveries.

It is also important to emphasize that the kind of knowledge we are concerned
with, i.e., scientific knowledge, may be reasonably characterized as falitdedge.

To say that scientific knowledge is fallible, however, is not to say thattistsecan
know a certain statement even if it is not true. That would amount to denying that
knowledge entails truth. Rather, what is meant by saying that scientifidéagaus
fallible is the following:

(F1) Itis possible fo6to know thap even ifSdoes not have logically
conclusive evidence to justify believing thmatFeldman, 1981, p. 266).

As Feldman points out, this means that one can know something on the basis of non-
deductive arguments. For naturalists, of course, this comes as no surprise. Most of the
ordinary things we take ourselves to know in everyday life are known on the basis of
inductive, perceptual, or testimonial evidence that does not entail what it is evidence

for.*?3 Scientific knowledge and ordinary knowledge are not different in kind. Since most

123 5ee the Appendix, “The Analysis of Knowledge,” foore on inductive knowledge.
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of what we take ourselves to know can be reasonably said to be fallible knowledge,
scientific knowledge may be said to be fallible knowledge as’#fell.

To sum up, if the considerations put forward in this chapter are correct, then the
skeptical attacks of those who are pessimistic about the accumulation ofitiaéoret
knowledge in science are not as devastating as they might appear to be lanfiest g
That is to say, these skeptical arguments fail to show that theoretical Kgevihe
science is unattainable. We have to realize, however, that scientific knovwdddtible
in the sense that it is grounded in non-deductive argunfenisthat respect, scientific
knowledge is just like ordinary knowledge. Epistemic agents usually apportion their
degrees of belief according to the strength of the evidence. Scientisfssieanic agents
and it seems that the same strategy is available to them as well (and tohbase w
optimistic about scientific progress in terms of the accumulation of saekribwledge,
even at the theoretical level).

As we have seen in Chapter 2, the Early Modern natural philosophers realized that
an inquiry into the natural world that has any hopes of succeeding must be modest and
proceed in a piecemeal fashion, otherwise despair may creep in. We shouldeheakefor
a selective approach toward claims to scientific knowledge. Some claimertbfiec
knowledge may be more warranted than others, depending on the state of the evidence at
any given time, and our degrees of belief will change accordingly.efsad Russell
(1997) observes, the “scientific temper of mind is cautious, tentative, and patgme
245). We may not know the truth, the whole truth, and nothing but the truth, but we may

reasonably believe some claims to scientific knowledge that are suffiaiatanted.

124 pccording to Feldman (1981), fifis known fallibly, andp entailg, andq is believed on the basis pf
thenq is also known fallibly even though the evidenceddi.e.,p) entailsq (p. 267).
125 5ee Bird (forthcoming). Available at <http://eisstac.uk/~plajb/research/papers/Induction.pdf >.
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Chapter 6
Scientific Knowledge

If what | said in Chapter 5 is correct, then the skeptical attacks on dcientif
knowledge discussed above are not as devastating as they might appearitstbe at f
glance. In other words, these skeptical arguments do not provide compellowgsréas
skepticism and pessimism about the accumulation of scientific knowledgempiastant
to note, however, that these skeptical arguments are directed against tineeaut aif
theoretical knowledge in particular. The accounts of scientific progissgssed in
Chapter 3, namely, semantic, functional-internalist, and Bird’s epistenoartcall
focus almost exclusively on scientific theories. The danger of focugcigsevely on
theories in philosophy of science is that we end up with a picture of a “mummified”
science, as Hacking (1983, p. 1) puts it, or “Legend,” as Kitcher (1993, pp. 3-10) puts it,
rather than actual science. To avoid making a mummy of science, | propose to take
seriously the insights we have gained from the historical investigation ineCi2apihd
incorporate them in our account of progress.

In this chapter, then, | would like to expand on the epistemic account of scientific
progress outlined in Chapter 3. | wish to improve on Bird’s epistemic account by
incorporating into our notion of scientific knowledge the types of knowledge that
scientists actually value. From what has been said so far, it should be diear tha
addition to theoretical (inferential) knowledge, these types of knowledgaatte
following: empirical (factual) knowledge, practical knowledge, and methodologica
knowledge. | think that taking these types of knowledge to count as scientific knowledge,
and granting that the accumulation of each counts as scientific progress, wouldsallow

to put the skeptical and pessimistic worries discussed in Chapter 5 behind us. In other
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words, science is not just about theories, and scientists make progress by d@guymula
knowledge of other sorts as well, not just of the theoretical sort. If this is soh#sen t
are additional reasons to be optimistic about cognitive progress in science.

6.a. Worthless Knowledge

As we have seen in Chapter 2, Early Modern natural philosophers were concerned
with the question of the usefulness of natural knowledge. As Wilson (1995) writes, “the
guestion of the usefulness of knowledge of nature kept arising in the second half of the
century, and the Royal Society was often trying to reassure itself on thi% (poi31).

Now, on the epistemic view of scientific progress, accumulation of sceektifiwledge
constitutes progress. What kind of knowledge? Does it have to be useful? Is it warthwhil
to pursue knowledge like Shadwell’s virtuoso, Sir Nicholas Gimcrack, “so it be
knowledge, ‘tis not matter of what"? (Nicolson & Rodes, 1966, pp. 26-27)

From a naturalistic standpoint, the objection that the accumulation of worthless
knowledge does not count as progress can be construed in at least two ways. First, it ca
be construed as the claim that scientists set out to find out useful things to know about the
world. Whatever they deem worthless, they would not seek to know it. The problem with
this construal, however, is that scientists cannot know in advance what knowledge counts
as worthwhile, before they know it, because they do not know it. So, to say that tscientis
initially seek out only useful knowledge seems to get us into some $derafparadox:

“a man cannot try to discover either what he knows or what he does not know; he would

not seek what he knows, for since he knows it there is no need of the inquiry, nor what he
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does not know, for in that case he does not even know what he is to 106¥ fdosv can
scientists know what is worthwhile to know before they know it?
Recently, several epistemologists have argued that there are soméhatithis t
not worth knowing. For instance, according to Catherine Elgin (2002):
Not every truth is worth knowingor is every falsehood worth dismissing. Some
truths are trivial. Some falsehoods are useful approximations or illuminating
idealizations. If we can zero in on the truths and falsehoods that are worth taking
seriously, we make cognitive progress (p. 22, my emphasis).
Let us examine the following claim more closely:
(W) Not every truth is worth knowing®
It seems to me that (W) is far from obvious. How can we know that (W) is true?IWell
suppose we need at least one exangpleiich thap is not worth knowing. That is, (W)
is equivalent to ‘There is at least one tryghsuch thap is not worth knowing’. So we
ask with respect to sonme Is p worth knowing? On the one hand, it seems that in order
to know whether or nat is worth knowing, we need to know thatBut if we know that
p, then what is the point of askingpfis worth knowing? We might reasonably ask i§
worth memorizing. We might reasonably ask i§ worth recording. We might
reasonably ask { is worth publishing. We might reasonably asg i§ worth teaching. It
seems pointless, however, to asg i worth knowing, since we already know tpat
The question whether or npis worth knowing is no longer relevant given that we know
thatp.

On the other hand, if we don’t know th@tthen how can we know thatis not

worth knowing? If we don’t know that, then we don’t know that is not worth knowing

126 plato,Menq 79c, 80d-e.
127 5ee also Wilson (1995), p. 99.
128 Cf. Kvanvig (2008).
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(or worth knowing, for that matter). Since this is the case for gyatywgeems that we
cannot know that (W) is true. Again, this gets us into some siMenbparadox: if we
know thatp is worth knowing, then we know thatand then there is no need to ask
whether or nop is worth knowing. But if we don’t know that then how can we tell
whether or nop is worth knowing?

To this it might be objected that, in order to know whether opm®tvorth
knowing, we need not know thatWe may simply believe that and then ask if it
would be worthwhile to know thgt However, it seems that we would not be able to
make a reasonable, well-informed judgment about whether or not it is worth knowing that
p based solely on our belief thatTo see why, consider an example that is usually cited
in support of (W). According to Pritchard (2007), knowing the measurements of every
grain of sand on a given beach is a pointless truth. As Pritchard (2007) puts it, “no fully
rational agent is curious about the measurements of every grain of sand on a gitaén bea
(p- 102). Indeed, what might appear more dull and futile than collecting and mgasurin
sand? It is hard to think of something more seemingly useless. Apparently, haWwsve
is precisely what Robert Holman, an oceanographer, is doing. His collectiamdias
led to the development of Argus, a computerized photography system that researchers
now use to study beach&8 Using the Argus system, researches can make measurements
of underwater topography, formation and movement of sandbars along'ébasts.
Knowing more about these sandbars turns out to be very important for understanding
beach erosion and rising sea levels that is the result of climate changgdaits from

Argus, researchers can now track the formation of sandbars. So, what seerhk$svort

129 5ee The Coastal Imaging Lab. Available at <http:tww.coas.oregonstate.edu>.
130 sandbars are ridges of sand that are built upresuét of water currents in coastal waters.
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at first glance, turned out to be of great value epistemically. Could Holman have
anticipated this increase in knowledge before he set out to collect sand and study it?
Probably not; the lesson, then, is “never give up observing,” as Holman Pts it.
This last point seems to apply to science quite generally. That is to sagesesie
in the business of finding out about the unknown. As Richard Feynman (1995) puts it,
“we do not yeknowall the basic laws: there is an expanding frontier of ignorance” (p. 2,
original emphasis). Likewise, sociologists of science often point out thatithar
“continuous branching of science into new areas of ignorafteliis is typically
explained in terms of competition. For instance, according to Stephan Fuchs (1993):
Since scientists must recognize and use one another’s work, they compete for
their peers’ attention. Because audiences do not want to listen repeatedly to
statements that are old and familiar, scientists must produce statena¢@tef in
some ways and to some extent, néhe highest rewards go to the scientists who
are seen to advance the state of knowledes is the critical connection
between competition and change in sciecoenpetition drives change because it
forces people to say something n@w937, my emphasis).
As we have seen in Chapter 3, Kuhn thinks that there is a precarious balance between
innovation and tradition. He calls it the “essential tension.” On Kuhn'’s view, the balance
tips in favor of innovation only rarely, i.e., in periods of “revolutionary science.” Most of
the time, i.e., in periods of “normal science,” tradition is more dominant than novelty.
Kuhn (1970) criticizes Popper for focusing too much on “revolutionary science” (pp. 12-
13). It seems to me, however, that Kuhn focuses too much on “normal science,” and thus

underestimates the significance of innovation in science, which doesn’t have to be

“revolutionary” in Kuhn’s sense.

131 Cornelia (2009). Available at <http://www.nytimesm/2009/01/06/science/06prof.html>.
1325ee Lemaine, et al (1976).
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But perhaps my criticism of (W) is not quite fair. So far, | assumed thptd (a5
not come with a “given limited time and resources” clause. Perhaps (W) should be
construed with such a clause. In that case, (W) would amount to saying that iepistem
pursuits begin with questions to be answered, and that we can make judgments about
which question is worthy of an answer, and then invest our time and resources
accordingly. For example, though probably apocryphal, is it often said that medieval
scholastics were concerned with the following question: “How many angetiacae on
the head of a pin?” If they really invested their time and efforts tryifigdoan answer
to this question, | suggest, it is because they thought that this question does have an
answer. To medieval scholastics, an answer to this question might have had intrinsic
value insofar as it might have revealed something new about the nature iohcieat
us, this question may seem utterly valueless, both intrinsically and instrumpesmall
not worthy of our consideration, precisely because we think there is no answer to this
guestion, let alone a true answer, given that we think that there aren’t atgy ange
However, the point of (W), it seems, is to asserttiluganswers to certain questions are
worthless, i.e., even if true, they have neither intrinsic nor instrumental value, and thus
should not be pursued.

If this is correct, then perhaps we cannot know a priori whether a certain truth has
intrinsic or instrumental value. This seems to be so in the case of scientifickigewh
particular. As the Argus example seems to illustrate, scientific kdgelenay have
unforeseen value. Sometimes we have to pursue certain projects only to find out that they
lead to dead-ends. But | take it that the point about worthless truths is not meant to be a

practical one about allocating resources, but an epistemological one about thef value
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knowledge. Otherwise, | think it is trivial that some epistemic pursuit&areently)
beyond our reach.

As we have seen in Chapter 2, the value of a scientific discovery is something tha
can be evaluated after the fact. The scientific practice of ass@ssmgss, as it is
instantiated in the institution of the Nobel Prize, shows that it is not easy to make
progress in science and that progress may often be recognized and assessiu thiely w
benefit of hindsight. On the epistemic account of scientific progress, we have to know
that we know in order to know that progress has been MaHewever, we do not
always know that we know, and thus we may not know that progress has been made. As
Bird (2007) puts it:

for S to know that she has made progress, S must know that she knows that T is

true. S may well be in such a position, but since one does not necessarily know

that one knows, it will also be possible to be in the position of having made

progress but not knowing that one has done so. This is plausibly the case when T

is as the cutting edge of a field and when new methods and techniques are used in

confirming T. Far from being internally accessible, like many of thetheags in

life, the most exciting contributions to progress are often recognizable as such

only with the benefit of hindsight (p. 87).

It takes time to assess the progressive nature of scientific discoverieshiether or not
they are genuine contributions to scientific knowledge. We can see this intituiams

of the Nobel Prize where it usually takes a few years from the time of digaovd

Nobel Laureates receive the prizé.

1330r at least be justified in believing that we know

134|n a recent interview, 2009 Nobel Laureate in Rilggy or Medicine, Carol W. Greider, was asked the
following question: “It's been said that you and Btackburn didn’t receive the Nobel Prize earlier
because it hadn’t yet been proved that telomerdsedomerase would be valuable in understanding
disease. Does the prize this year mean that tltevdsan acceptance of their value? (Dreifus, 2009)
certainly hope so,” Dr. Greider replied. “That'syMHobel Prizes are usually awarded long after the
original discovery. It takes time for the mediaablications to become clear. I think it's clear nthat the
basic science we did is important to understandargers, some human genetic diseases and the age
associated degenerative diseases” (Dreifus, 2009).
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In the case of Krebs, for example, it took almost twenty years for his work on the
citric acid cycle to result in the reception of the Nobel Prize. Krebs riedlacs study of
the processes by which foodstuffs decompose in the energy-producing reactions of
animal tissues for a while, but then he resumed his studies in the summer of 1935 after he
moved to the Department of Pharmacology at the University of Sheffieldrdtle fi
published the results of his studies in 193@nd in 1938>¢ Krebs was awarded the
Nobel Prize in Physiology or Medicine in 1953 after the citric acid cycle hexd be
studied extensively by others and was found to serve as a common terminal pathway in
many organisms. As Krebs (1953) said in his Nobel Lecture:
It is indeed remarkable that all foodstuffs are burnt through a common terminal
pathway. About two-thirds of the energy derived from food in higher organisms is
set free in the course of this common pathway; about one-third arises in the
reactions which prepare foodstuffs for entry into the citric acid cytle.
It was also found that “the cycle occurs in all reprising tissues of alladgifinom
protozoa to the highest mammal” (Krebs, 1953). In the case of microorganisms:
Many observations, especially from isotope experiments, support the view that in
some micro-organisms the cycle primarily supplies intermediatesrrdnan
energy, whilst in the animal and most other organisms it supplies both energy and
intermediates (Krebs, 1953).
According to Krebs (1953), “the remarkable fact that the reactions of the cyeldbéan
found to occur in representatives of all forms of life, from unicellular bacteria and
protozoa to the highest mammals,” has advanced not only biochemistry in particular but
also biology in general. As Krebs (1953) said in his Nobel Lecture:
We have long been familiar with the fact that the basic constituents of living

matter, such as the amino acids and sugars, are essentially the sanypas alf t
life. The study of intermediary metabolism shows that the basic metabolic

135 See Krebs & Johnson (1937).
136 See Krebs & Salvin (1938).
137 Available at <http:/nobelprize.org/nobel_prizestitine/laureates/1953/krebs-lecture.pdf>.



162

processes, in particular those providing energy, and those leading to the synthesi
of cell constituents are also shared by all forms of life.

The second construal of the objection that the accumulation of worthless
knowledge does not count as progress is the following: after attaining knowledge about a
certain phenomenon, scientists may deem it useful or not. If it is useful, thersprogse
been made. If it is not useful, then no progress has been made. As we have seen in
Chapter 2, however, in scientific practice, usefulness is one criterion of rogres
assessment, but not the only one. What is important for progress assessmentti®the s
knowledge gained. As we have seen in Chapter 2, the scientific practice sfrapses
progress reveals that scientists take progress to consist in the acamufl&tiowledge
of the following sorts:

(EK) Empirical (factual) knowledge usually comes in the form of expanrtai
results, observations, instrumental readings and measurements, and any
other sort of “data.”

(TK) Theoretical (inferential) knowledge usually comes in the form of
explanations and well-confirmed hypotheses.

(PK) Practical knowledge usually comes in the form of both immediate and
long-term practical applications.

(MK) Methodological knowledge usually comes in the form of methods and
techniques of learning about domains in nature.

Recall how Godfrey-Smith (2007) frames the problem of scientific progressriitial
guestions are the following: Are we going somewhere worth going? Are veetoud
something worth collecting? On semantic accounts of progress, it seenve it

going somewhere worth going, i.e., truth, and we are collecting somethirtg wort
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collecting, i.e., approximately true theories. But the problem is that, on semant
accounts, the same question of worth may be asked: Are there approximately true
theories that are more worthwhile than others? If so, which is the proper aiienuiest
Kitcher tries to address this problem by identifying significant truthh@sim of science
(see Chapter 3). | would like to suggest that we can do better. If we turn to titdiscie
practice of assessing progress for insights into progress, we caryideaisorts of
knowledge that scientists deem valuable [i.e., (EK), (TK), (PK), and (MK)].

The objection under consideration is even more troublesome, it seems to me, for
functional-internalist accounts of progress. For, on such accounts, it seems ¢thateher
no clear answers to the questions posed by Godfrey-Smith. Are we going seenewhe
worth going? Are we accumulating something worth accumulating? Is tihwiaite to
accumulate puzzle-solutions? What is their epistemic worth? On Laudaoisécfor
example, how can puzzle-solutions have any epistemic worth if they do not have to be
genuine solutions to real problems? What is useful or worthwhile about having a
fabricated solution to a problem that does not pertain to a real state of affaims? K
(1996) claims that, even if his position is seen as relativism, he “cannot see that the
relativist loses anything needed to account for the nature and development of the
sciences,” by giving up truth (p. 207). It seems to me, however, that somethirtg is los
after all. If not our conception of scientific progress entirely, then, atedheleast, it
seems that we lose the ability to explain why we care about scientifiddatgay
6.b. Knowing That and Knowing How

If the considerations advanced in Section 6.a. are correct, then we can avoid the

problem about the worth of scientific knowledge, and hence whether or not it counts as
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scientific progress, by taking the types of knowledge that scientisisligotalue to

count as scientific knowledge. As we have seen in Chapter 2, scientists evatrdticsci
discoveries as progressive on the basis of the accumulation of knowledge of the
following sorts: empirical (factual), theoretical (inferentiabagtical, and

methodological. For the most part, philosophers of science have focused on theoretical
knowledge, while underestimating the importance that scientists attributgiacain
(factual) knowledge. As the Nobel Lectures show, however, this sort of knovgdedge

a role when it comes to evaluating discoveries in science. If a certaitisde credited

for having discovered something that was previously unknown, then that counts as
progress, even if it doesn’t involve an elaborate theoretical frameworkékanes
philosophers of science often focus on (e.g., quantum mechanics). Pavlov’'s work on the
physiology of digestion is a case in point as well as Laveran’s discovérg chusative
agent of malaria.

Another kind of knowledge of interest to scientists that is largely ignored by
philosophers of science is practical knowledge (i.e., immediate and long-eticalr
applications). Kitcher, for instance, acknowledges practical progresgaal of science.

But then he sets it aside and goes on to give an account of cognitive progress. #s we ha
seen in Chapter 2, however, the idea of practical progress looms large not only in Ear
Modern science but also in modern science. The problem is that “the notion of practical
progress proves far more difficult than we might have thought” (Kitcher, 1993, p. 92).
However, | think that we can begin to make sense of it, in the larger context offiscient
progress, from the standpoint of the epistemic account of progress. That will allow us to

account for the types of knowledge that scientists are interested in. To do so, however, w
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would have to give up a distinction that is common in philosophy, but seems to be of no
use when it comes to understanding scientific progress, namely, the distinoiveeret
‘knowing that’ and ‘knowing how to’.

Gilbert Ryle was perhaps the first to distinguish explicitly between ‘kmgwhat
p’ (propositional knowledge) and ‘knowing how A6 (knowledge of skills):* Since
then, it seems that philosophers have focused almost exclusively on the formver. As
have seen in Chapter 2, however, practical and methodological knowledge (‘knowing
how to’) seem to be of equal importance in science when it comes to assessing
progressive discoveries. For example, when Landsteiner’s discovery of biugs gvas
evaluated by his peers and the Nobel Committee, they didn’t seem to consider the
medical applications of his discovery as less (or more) important than thetittatore
knowledge of blood types. Landsteiner’s contributions—theoretical, empirical,gatacti
and methodological—were judged equally as contributions to scientific knowledge.
Moreover, on closer inspection, it seems that ‘knowing how to’ may simply be a
subspecies of ‘knowing that’, at least as far as scientific knowledge isroexic
involving propositional knowledge about methods of doing things. For example, suppose
that persorA is getting a blood transfusion and the donor is peBs@uppose thak has
blood type AB. In order to perform a safe blood transfusion, we have to know the blood
type ofB. In other wordsknowing how tadminister safe blood transfusions requires
knowing thatA has blood type AB anl has blood type, say, AB.

When it comes to scientific knowledge, then, it may appear as if ‘knowing how
to’ and ‘knowing that’ are distinct kinds of knowledge. This appearance, however, may

be misleading. According to Wilson (1996):

138 See Ryle (1946) and (1949).
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If the thesis that we make knowledge in virtue of our expressing this knowledge
verbally were true, it ought to be true quite generally: we would make it true that
humans cannot breathe underwater and that iron rusts when exposed to damp air.
Yet no one tries to defend this thesis. The reason for the asymmetry is that we ca
conceive of non-verbal, action-guiding knowledge of the commonplace facts,
whereas we cannot easily conceive of an inarticulate knowledge of thefiscient
facts; these appear to depend in some way not on the world but on our creation of
words. Butthis impression is an illusiotWe do not possess two distinct kinds of
knowledge, one of which we makéommonplace knowledge and scientific
knowledge belong to the same spec®sl one aim of scientific praxis is to
reduce the perceived distance between them (p. 170, my emphasis).

The same sort of illusion may be operative in the case of the distinction between

‘knowing that’ and ‘knowing how to’ as far as scientific knowledge is concerndedct,

when we realize that practical knowledge is a form of scientific knaeleiti becomes

easier to conceive of action-guiding knowledge of scientific facts, asdbd biping

example seems to illustrate. This is not to say, of course, that the distincti@ebetw

‘knowing that’ and ‘knowing how to’ is utterly useless. Rather, the suggestianpysi

that it is not useful when it comes to understanding scientific knowledge, and thus

scientific progress. Even if ‘knowing how to’ is not a subspecies of ‘knowingtHa’

still seems reasonable to suggest that the former involves cognitivetiespaat can be

reasonably seen as relevant to cognitive progress in science. In other wavds)ofv’

is an achievement verb, then ‘knowing howAteeems no less an instance of cognitive

success than ‘knowing thpt **°

According to Baird and Faust (1990), when most philosophers of science speak of

scientific progress, they speak in terms of theory alone, and they neglectspinets af

139 Those who would point to natural language as atwagark the distinction between ‘knowing that’ and
‘knowing how to’ should note that in French thelvsavioris used in the sense of ‘to know that’ as well as
‘to know how’, whereas the sense of ‘being acqeainith’ is reserved for the vedmnnaitre

140 5ee Adams (1958). | will say more about cognitiuecess and progress in Chapter 7.
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science, such as experimentation, instrumentation, and methodology. They offer their
diagnosis of the source of this mistaken asymmetry:
Classically, knowledge has been analyzed in terms of true belief. While, perhaps
theories may be conceived as a species of belief, it is difficult to conceive of
experiment as a species of belief. Experiment essentially involves the
manipulation of bits of the world; belief may help direct the manipulation, but
belief cannot take the place of this manipulation. When approached from the
classical analysis of knowledge, it is hard to say exadtiytis progressing,
when speaking of the progresseafperimentakcientific knowledge (p. 148,
original emphasis).
They urge a conception of scientific progress “broad enough to include the production of
new scientific instruments and instrumental techniques” (Baird & Faust, 1990, p. 148).
They argue that “scientific knowledge consists of, among other things,icient
instruments and instrumental techniques, and not simply some kind of justified true
beliefs” (Baird & Faust, 1990, p. 148). They also argue that scientific knowledge
“consists in the ability talo things with nature, naaythings about nature” (Baird &
Faust, 1990, p. 147). We can accommodate these insights, | suggest, by granting that
know-how counts as scientific knowledge. Scientific knowledge, as the scieraifiicer
of assessing progress seems to show, consists in the cognitive abilitiekitmdavith
nature as well as say things about nature. This is how scientists concaientfic
knowledge. To understand that, however, we have to give up the distinction between
‘knowing that’ and ‘knowing how to’, which may be useful in other ways, but not when it
comes to understanding scientific knowledge, and hence scientific progress.
To this it might be objected that there are scientific fields that do notteeeave
any practical applications, and thus no practical knowledge. It might appear as thoug

fields like cosmology are inherently non-practical. In reply, |1 would likenbphasize

that there is nothing in the scientific practice of assessing progressitjugsts
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discoveries must make contributions with respect to empirical, theoreticaicalreend
methodological knowledge all at once. Nor does the epistemic account of stientifi
progress require that discoveries contribute with respect to these four types adgewl
simultaneously and immediately. For example, some discoveries may not have any
immediate practical applications, but then turn out to have some initially unexkpecte
practical and methodological consequences. Harvey's discovery of thetarcwoithe
blood seems to illustrate this point.

Galen believed that blood is continually produced in the liver and then spreads
around the body for nourishment. This blood nourishes the body and then the body
extricates material in the form of urine, sweat, etc. Consequently, dla@believed that
haemorrhoidal and menstrual blood were also normal forms of excrement. Hetair, cer
forms of bloodlettings were considered “normal,” i.e., the body’s natural wagiddhg
itself of waste products' In medical practice, bloodletting was believed to be a form of
treatment for fever and inflammation because they were believed to bd bguse
much blood in the body (hence the redness, swelling, increased body temperature and
pulse). Harvey’s discovery of the circulation of the blood did not diminish the pogularit
of bloodletting. Perhaps that was due to the fact that Harvey himself did not argust agai
the practice explicitly*? Still, this is a practical application of Harvey’s theory that could
have easily been realized, if not by Harvey, then by someone else later on.\fFowrgs
(1985) shows, “various medical practices such as the varied use of ligatures in blood-
letting, amputation and removal of tumors—incorrectly explained on Galen’s theory—

were elucidated on Harvey's theory” (p. 56). In particular:

141 5ee Coutinho & Segal (1999), chap. 2.
142 5ee Davis (1971).
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Since blood flows to the periphery via the arteries and returns to the heart via the
veins, it makes sense to apply a medium-tight ligature to the upper arm, thus
allowing blood to enter through the arteries but preventing it from leaving through
the veins. This blood can be drawn off easily from the distended forearm veins.
But if, as Galen’s theory holds, blood flows to the periphery via the veins, the
veins proximal to the ligature should swell and blood should be taken easily from
theseveins; this, however, does not occur; and Galen’s theory can offer only a
most obscure account of blood-letting in terms of the ligature ‘turning away’
venous blood which retracts to the opposite side of the body (Mowry, 1985, p. 73,
original emphasis).
Moreover, even in cosmology, which seems to be the typical non-practical

scientific field, it is not obvious that there are no concerns for practical dppicat all.

One example of a potential practical application in cosmology is time transimgay

seem farfetched, but cosmologists and astrophysicists are considepogskmslities of

time travel*** By now, the alleged paradoxes of time travel have been shown to be

harmless. For example, if we distinguish between “historical time” agiopal time,”

there is no problem in saying that the time-traveler has gone back in “hikstionied not

her “personal time.” In addition, it is often claimed that if time travel wessible, then

one would be able to kill one’s parents and thereby prevent one’s own birth. In reply,

however, it may be argued that, given that the time-traveler was born, no lefféetss

on the past can change that. In other words, time travel does not mean that-the time

traveler has a license to change the F4<df course, none of this shows that time travel

is physically possible. But this is precisely what cosmologists @rgytto find out. One

proposal, for example, is that time travel may be physically possible througtuolesm

in space-time. Kurt Godel (1949) has shown that there are models of space-tiane that

consistent with general relativity and that allow time travel into the'pagthether or

143 gee, e.g., Davies (2003) and Gott (2002).
144 See Horwich (1987).
145 See also Pfarr (1981).
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not time travel will be feasible remains to be seen. For present purposespbitant to
recognize that scientists are concerned with the potential pragmladagions of their
work, even in fields like cosmology, in which it may not appear to be so at first glance
In addition to this concern for potential practical applications in cosmology, there
is also a noticeable emphasis on methodological advancements. At the 1995 conference
on “Key Problems in Astronomy and Astrophysics,” Allan Sandage, a student of Edwin
Hubble (1889-1953) at the California Institute of Technology, introduced the term
“Practical Cosmology.” It was an attempt to respond to the charge thabloggmvas an
“immature” scientific field with plenty of fascinating ideas but no substioaddita to
confirm them. To address this charge, Sandage and others thought that they must devote
more attention to the methodological aspects of their work, specificallyaiy iw which
astronomical observations are conducted and the ways in which data aredgatidere
analyzed. This was Sandage’s vision of practical cosmology, which was ddscusse
recently in the international conference “Problems of Practical Cosmoilo@@08:
The advancement of cosmology is determined by the growth of observational data
and [...] by the development of fundamental physical theories. Practical
cosmology is the science which makes a link between observation and Trenry.
major goal of practical cosmology is to develop strategies for uncovering and
attacking cosmological problemBven with the wonderful advanced
observational methods available, successful cosmological tests requike that
know how taletect and handle different severe selection effects, which may be
hidden both in data and, even seemingly secure, methods of data analysis
(Baryshev, 2008, my emphasts§.
Some of these strategies and methods include the “classical cosmdieggsdlred-shift
surveys, measurements of anisotropies of the cosmic background radiation by balloon

and satellite (e.g., the Wilkinson Microwave Anisotropy Probe) experimentsiaatal f

techniques.

146 Available at <http:/ppc08.astro.spbu.ru/index.ktm
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By being able to account for both cognitive and practical progress, the epistemic
account also exhibits theoretical virtues, such as simplicity and unificéitisra simple
view of progress because it accounts for the varieties of progress mentionethyabove
means of one concept. This revised concept of scientific knowledge allows us to account
for these varieties of progress in a unified manner, incorporating both praciical
cognitive progress. In that respect, the epistemic account is the best of bals Wworl
other words, it preserves what is useful and illuminating about the semantic and
functional-internalist accounts, namely, that truth is necessary for psagrdghat
problem-solving is evidence for progress, and combines it together into a colenent
of scientific progress.
It is noteworthy that some philosophers of science have argued that theoretical
virtues are often taken to be the aims of science. In other words, sciamteeidusiness
of producing theories that exhibit properties, such as consistency, precision, scope,
simplicity, unity, explanatory power, intelligibility, fecundity, and testapifthe so-
called “superempirical virtues”). For example, according to Laudan (1984):
Many scientists espouse values or goals that, under critical challeegeannot
characterize in a succinct and cogent way. They may be imprecise, ambiguous, or
both. Such familiarly cited cognitive goals as simplicity and elegance loétee
this weakness, because most advocates of these goals can offer no coherent
definition or characterization of them (p. 52).
However, whether we think that theoretical virtues have epistemic valugelyme
pragmatic valué?’ it seems to me inaccurate to say that they are the goals of scientific

inquiry. It seems to me that we wouldn’t care much for consistent, precise,iedunif

theories, unless we thought that they are more likely to yield knowledge by haeseg t

147 35ee, e.g., van Fraassen (1980).
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virtues (whether or not they actually do). So, perhaps it might be useful to distingui
between the ends of scientific inquiry and the means for achieving those ends.

For instance, Lorraine Daston and Peter Galison (2007) identify objectsvitye
goal of scientific inquiry. Daston and Galison relate objectivity to “episteimiues,”
which are associated with certain periods in science. Epistemic vireugsoams that
are internalized and enforced by appeal to ethical values, as well aspcagfficacy in
securing knowledge” (Daston & Galison, 2007, p. 40). Although they identify various
forms of objectivity, i.e., “truth-to-nature,” “mechanical objectivityrida“‘trained
judgment,” the basic idea is that the role of the practitioner must be as limpedsble
in order to obtain this goaf® For instance, Daston and Galison (2007) say the following
about mechanical objectivity:

By mechanical objectivity we mean the insistent dtoveepress the willful

intervention of the artist-authpand to put in its stead a set of procedures that

would, as it were move nature to the page through a strict protocol, if not
automatically (p. 121, my emphasis).
Could objectivity be the end of scientific inquiry? Are scientists tryiniget objective
simply for the sake of being objective? Do they prefer theories that hayedpesrty just
for the sake of having such theories? Does objectivity have instrumental msictalue
in science®”

Consider an analogous case: some media outlets are objective, i.e., theyheeport t

news without commentary and interpretation, or at least they try to do so. But, gusely

is not their goal. That is, they do not objectively report the news for the sake of

objectively reporting the news. Rather, they do so because they think thatthat is

148 Cf. Janack (2002).

149 Daston and Galison (2007) claim that science @arabbjectivity, not truth (p. 214). In some instas,
however, they talk about the means to attain tfpitl377) and they also claim that the epistemitues
served a common goal: a faithful representatiomaddire (p. 318).
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their audience wants. Their aim may be ratings, revenues, and profit&kgusty other
business™ If we say that these media outlets are aiming to be objective for the sake of
objectivity itself, then it seems we are confusing means and ends. Thetoward their
audience what it wants (e.g., objective reporting) in order to get what tgy(evg.,

profits). This may seem like a rather cynical view of the media. However, tleggna
should not be taken too far. The point is simply that objectivity, in the media as well as i
science, is not an end in itself. Rather, objectivity is a means to achieviaig egds. In

the case of the media, the ends may be ratings and profits. Even if some media outlets
operate on the belief that it is in the best interest of their audience to know lthe trut
whether their audience likes it or not, it is still the case that objectiatydbe a means

to achieving that aim. Similarly, scientists have learned that the mord¢igbjney are,

the more likely they are to learn something about the domain of interest. They wa
scientific theories to have theoretical virtues, such as consistency, tlo¢ifoswn sake,

but insofar as they think that, by having them, it is more likely that these thexlies

give them knowledge about the world.

Lastly, Michael Devitt discusses the notion of methodological progress (i.e.,
methods and techniques of learning about nature). According to Devitt (1984), “not only
are scientists learning more and more about the world, but also [...] they aredear
more and more about how to find out about the world” (p. 183)ike practical
knowledge, methodological knowledge is also a form of know-how, i.e., knowing how to

learn about nature. The case of Harvey's discovery of the circulation of the béwos se

%01t is noteworthy that state-owned media outlets, those that are not concerned with revenuas as
business, are usually not considered to be obgeclikis may be so, | suppose, because they are also
perceived as having no concern for the truth, eafhgin non-democratic states.

151 see also Kitcher (1993), p. 140.
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to be an instance of methodological progress. Arguably, the methods that Harvey used to
demonstrate the circulation of the blood were as important as the discoverfpitsaf
advancement of physiology and the medical sciences. As we have seen in Ghapters
4, Harvey used common methods, such comparative anatomy and dissection, as well as
new techniques, such as ligature experiments and quantitative analysis, inkhiSawor
example, Harvey used ligatures (tourniquets) to show that arteries carry biapfram
the heart and that veins carry it back to the heart. Since arteries aretdaapeins in
the limbs, a tight ligature around the arm compresses both ligatures and veirss. In thi
case, there is no noticeable change in the hand or veins. A less tight ligaturessas\pr
the veins but not the arteries. In this case, the rush of blood causes the hand to swell.
When a tight ligature is loosened, the rush of blood to the limb causes the hand the veins
to swell. This shows, according to Harvey, that blood flows from the heart through the
arteries to the peripheral tissues and then from the arteries to the vethsrrhare,
venous valves allowed blood to flow only toward the h¥art.

As for quantitative analyses, Harvey supported his theory of circulation with the
following calculations. He considered the size of the ventricle, the amount of ihtont
that it ejects with each contraction, and the rate of its beat. If there iicualaton, he
reasoned, then the amount of blood ejected by the heart into the arteries in half an hour
would be greater than the amount of blood in the whole body and the heart would have to
eject a greater weight of blood in a day than the weight of the whole body. Isah¢e t
not the case, it must be that the same blood is continuously passing through the heart. |

other words, blood circulates around the body. According to Cohen (1985b), this

1525ee Mowry (1985).
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“quantitative method was not then in general use and Harvey was fully awahnesthat
numerical reasoning was as radical in its method as in its results” (p. 193).

To sum up, in this chapter | argued that focusing exclusively on theoretital trut
runs the risk of making a mummy of science. As naturalists, we want to avkiltgnaa
mummy of science. To that end, we have to consider seriously the insights of the
historical investigation of Chapter 2. These are that (a) scientistsciakéfs
knowledge to be the aim of scientific inquiry; (b) scientists make judgments about
scientific progress based on the accumulation of scientific knowledgiénists take
scientific knowledge to include not only theoretical (inferential) knowledgelbot a
empirical (factual), practical, and methodological knowledge. Each contnbtati
scientific knowledge in terms of one of these types of knowledge counts as progress
Science advances owing to not only the grand scale theoretical frameworks of
theoreticians but also the painstaking work of experimenters and data calldtors
technicians, field workers, and the lik&.

If this is correct, then we should revise Bird’s epistemic account of saentif
progress to include not only theoretical knowledge but also these other types of
knowledge. We can do so rather easily, | suggest, if we grant that ‘knowing how’
(practical and methodological knowledge) is a subspecies of ‘knowing thedtétical
and empirical knowledge). Even if it isn't, it still seems reasonable to take@eb/a
practical and methodological knowledge as instances of cognitive successnesad he
cognitive progress. Granted that practical and methodological knowledge both count as
scientific knowledge, and hence that their accumulation counts as scipragress, the

revised epistemic account of scientific progress is the view that §cigmtigress is

153 See the quotation from Rutherford in Chapter 1.
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constituted by the accumulation of scientific knowledge. A scientific episodétates
scientific progress when it shows the accumulation of scientific knowledugzew
scientific knowledge consists of each the following: empirical (fdttreoretical
(inferential), practical, and methodological knowledge. Each of these countsrasgisc
knowledge; the accumulation of each advances science.

This raises another question, which | will address in the concluding chapter of this
dissertation. | suggested that both ‘knowing that’ and ‘knowing how’ constitute cognitive
success, and hence that both should count as cognitive progress in science. It is common
among epistemologists, however, to distinguish between knowledge as a type of
cognitive achievement and understanding as a type of cognitive achieverdeat,|
Duncan Pritchard (forthcoming) argues that understanding is a type of cognitive
achievement, whereas knowledge is not, because, unlike knowledge, cognitive
achievements are compatible with what he calls “environmental epistemit iti&or
exampleSdoesn’t know that there is a barn in front of her, even if it is true, given that,
unbeknownst to her, she is in barn-fagade County.

However, among philosophers of science, as Pritchard points out, it is common to
take understanding as a species of knowledge. Are philosophers of science justifie
taking understanding as a species of knowledge? Perhaps scientific knowdealge, a
instance of cognitive success, may be more accurately characterizetteganding
rather than knowledge? If so, what is the difference between understanding and

knowledge? | will address these questions in the concluding chapter of this tsserta

154 Available at <http://www.philosophy.stir.ac.uk/tduncan-
pritchard/documents/PritchardOnUnderstanding.pdf>.
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Since | am concerned with cognitive progress in science, however, | will slitase

guestions only in so far as scientific understanding is concerned.
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Chapter 7
Conclusion

In Chapter 6, | argued that we should expand our notion of scientific knowledge.
Focusing exclusively on theoretical truth, as philosophers of science oftenaugian
inaccurate picture of science, a “mummy,” as Hacking puts it. Natursiistdd clearly
want to avoid making a mummy of science. To do so, | suggested that we learhefrom t
historical investigation of Chapter 2. This investigation shows that, for scientists
scientific knowledge is not strictly theoretical (inferential) bubampirical (factual),
practical, and methodological. As the scientific practice of assessiggess shows,
when scientists make evaluative judgments about scientific discoveriesptiggler the
accumulation of each of these types of knowledge as advancing science. Adgording
given this revised notion of scientific knowledge, we also get a revised verdioa of
epistemic account of scientific progress. According to this revised versientisci
progress occurs whenever there is accumulation of scientific knowledge, wieatdis
knowledge includes knowledge of the following sorts: theoretical (inferentiabjiyieal
(factual), practical, and methodological.

In this chapter, | would like to consider a final objection before making some
concluding remarks. In light of what | have said so far, it might be objectech¢tances
of cognitive success in science may be more accurately characterinstbaces of
understanding rather than knowledge. In other words, if knowledge and understanding
are distinct, it might be argued that knowledge is not a scientific aimadifté might
seem as if the goal of scientific inquiry is understanding rather than knowletlge.is
so, then we need to answer the following question: “What is the differencesbetwe

understanding and knowledge?” especially since there seems to be a consensus among
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philosophers of science that understanding is a species of knowledge. It igjteestien
that | now turn, though I will limit the discussion to scientific understandirgarticular.
7.a. Scientific Understanding

According to Grimm (2006), philosophers of science seem to agree that scientific
understanding is a species of knowledge, and hence fattivewever, epistemologists
tend to disagre®® In epistemology, the standard view seems to be that understanding is
not a species of knowledge. If this is so, then it might be argued that knowledge is not a
scientific goal after all. It might be argued that the aim of scieshaaderstanding rather
than knowledge. But what is the difference between understanding and knowledge?
Several epistemologists have argued that understanding, unlike knowledge, isivet fac
To say that knowledge is factive is to say th&khows thap, thenp is true. In the case
of understanding, howeve8may understand even ifp is not true.

Catherine Elgin (2007) argues that “a factive conception [of understanding] is too
restrictive” (p. 33):>" In the case of knowledge,$fknows thap, thenp is true. When it
comes to understanding, however, Elgin arguesShaty understangd even ifp is not
true. She does not deny that we use the term ‘understanding’ in several ways, some of
which are factive. For example, we often use the term ‘understanding’ as a fdevic
hedging, as when we say things like “I understand that she is not going to show up,”

thereby indicating that | am not certain but have good reasons to believedhssthi So

1% g5ee, e.g., Toulmin (1961); Salmon (1993); Schutzagnbert (1994); Weber (1996). Cf. Kosso (2007).
Like other philosophers of science, Kosso doeglray the factivity of scientific understanding. Rat, he
argues that “Knowledge of many facts does not amtmuanderstanding unless one also has a sense of
how the facts fit together” (p. 173). Though | aat sure why “having a sense of how the facts fit
together” does not amount to knowing more factaiabite relations (e.g., inferential, structuralisal,

etc.) that hold between those facts.

1%6 See, e.g., Zagzebski (2001); Kvanvig (2003); E{giD07).

37 1n what follows, | focus on Elgin’s argument inrpeular because it is the most relevant to thestioe

of scientific progress, as Elgin herself argue®9@@0and because Elgin relies on examples fronmseie
particular to make her case for non-factive unaeiding.



180

Elgin does not deny that there are factive uses of the term ‘understandingjie8eiare
not the uses she is interested in. Elgin (2007) is “concerned with cases in which
understanding is a sort of cognitive success” (p. 34). In such caSesdérstandp,
thenShas a claim to epistemic entitlement. Her “argument is that a facingeeption
cannot do justice to the cognitive contributions of science and that a more flexible
conception can” (Elgin, 2007, p. 34). As Elgin explicitly talks about scientific pregres
and draws her examples from science, | will focus on her arguments, in pautineul
argument from scientific idealizations.

According to Elgin (2007), a factive conception of understanding “does not reflect
our practices in ascribing understanding and it forces us to deny that contemporary
science embodies an understating of the phenomena it bears on” (p. 33). More
importantly, Elgin argues that the notion of understanding as factive doesn’t de jastic
contemporary science. She supports this claim by advancing examples of idealira
science that, as she argues, do not mirror the facts. In particular, heymxample is
the Ideal Gas Law. If Elgin is right, then the kind of cognitive successtrusuge to
scientists when we say that they understand a certain phenomenon (e.g., the beéhavior
gases) does not involve attributing success in terms of gaining knowledge about a
particular domain in nature.

Why does Elgin (2007) think that, “for an epistemology that seeks to
accommodate science, an explication that construes ‘understanding’ asinemdact
more serviceable than one that construes it as factive” (p. 34)? This has to do, I think,
with her argument from idealizations in science. But before | examine ghimant, a

clarification is in order. According to Elgin, the objects of understandegatr
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individual propositions, as in the case of knowledge, but rather “bodies of information.”
As Elgin (2007) writes:
Understanding is primarily a cognitive relation to a fairly comprehertaferent
body of information. The understanding encapsulated in individual propositions
derives from an understanding of larger bodies of information that include those
propositions (p. 35).
This seems to correspond to Kvanvig's distinction between “objectual underseatiohg”
“propositional understanding.” The former is the sort of understanding thatnsed/dor
a certain object, such as a particular subject matter, whereas this lattderstanding
that something is the case. For Kvanvig, both objectual and propositional understanding
require thaS successfully grasp ho@s beliefs in the relevant propositions cohere. As
Kvanvig (2003) writes:
Objectual understanding is, of course, not straightforwardly factive, for only
propositions can be true or false. Still, the uses | wish to focus on are ones in
which factivity is in the background. For example, to understand politics is to
have beliefs about it, and for this objectual understanding to be the kind of interest
here requires that those beliefs be true (p. 191).
According to Kvanvig, then, fd8to understand a subject matt®@must have true beliefs
about that subject matt&® Elgin argues that understanding is not factive in this sense.
She says that the notion of understanding she is concerned with must have some fidelity
to the facts. The question is, however, how it must do so. “Following Plato,” Elgin (2007)
writes, “let us call the required connection, whatever it may be, between a
comprehensive, coherent body of information and the facts it bears on an understanding’

tether” (p. 35). But she disputes the thesis that understanding is factive in théhsgns

Kvanvig defends.

38 1n a recent reply to critics, Kvanvig (2009) seemsuggest that, in the case of objectual undedsia,
perhaps most of the propositions and all of theraépropositions that constitugs coherent take on that
subject matter must be true. Perhaps a few peappespositions might be false, aBd understanding
might thereby be degraded, but not destroyed.dhdhse, objectual understanding is quasi-factive.
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As Pritchard (forthcoming) points out, “when understanding is of a proposition, it
does seem to be pretty much synonymous with knows” (p. 11). He then says that he takes
the “paradigm usage of ‘understands’ to be in a statement like ‘I understandatly s
and-such is the case’ (p. 11), and goes on to distinguish between “holistic
understanding,” which applies to subject matters, as in “l understand quantum physics,”
and “non-holistic understanding,” which is understanding why such-and-such is the case
as in “l understand why my house burned down” (p. 12). As Pritchard (forthcoming)
points out, philosophers of science take understanding of this sort, i.e., “non-holistic”
understanding-why, to be a species of knowledge. For example, “I understand why my
house burned down” is equivalent to “I know why my house burned down, which is in
turn tantamount to “I know that my house burned down because of faulty wiring” (p. 12).
Like epistemologists, philosophers of science take coherence to be essential
understanding. For instance, Toulmin (1961) argues that “The business of science
involves more than the mere assembly of facts: it demands also intellechuedcinre
and construction” (p. 108). Unlike epistemologists, however, it seems that philosophers
of science take understanding to be a species of knowledge because they construe
understanding in the sense of ‘understanding why such-and-such is the casd.. iinde
seems reasonable to think that all genuine—as opposed to apparent—understanding is
also knowledge. To understand why something is the case is to know what causes,
processes, or laws brought it about. For example, consider the following exchange:

Q: Did Fabricius know about the valves in the veins?

A: He knew about the valves in the veins but, unlike Harvey, he didn’t

understand their function.
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Q: Why did Fabricius fail to understand the function of the valves?
Unlike Harvey, Fabricius didn’t know that the function of the valves is to

make blood flow in one direction.

Q: Did Fabricius have an idea about what the function of the valves might
be?
A: Yes. But he was wrong to think that the valves obstruct the flow of blood,

so that the veins wouldn’t rupture.
This example seems to illustrate that genuine understanding-why is @sspieci
knowledge, and hence factive. And that brings me back to Elgin’s argument.

Elgin (2007) contends that “the cognitive achievements embodied in [scientific]
theories should be a central concern for epistemology” (p. 38). Epistemology, Elgin
argues, should explain what makes current scientific understanding better. #&een if
accept Kvanvig's proposal that these uses of understanding should be considered as
honorific (Kvanvig, 2003, p. 201), we should still explain why certain topics meriticertai
attributions of honor. The factive conception of understanding will not do in this regard,
according to Elgin (2007), because of “science’s penchant for idealization” (p.$38). A
Elgin (2007) writes:

Science streamlines and simplifies. It devises and deploys comparatigtére

models that diverge from the phenomena it seeks to explain. The ideal gas law

accounts for the behavior of gases by describing the behavior of a gas composed
of dimensionless, spherical molecules that are not subject to friction and exhibit
no intermolecular attraction. There is no such gas. Indeed, there could be no such
gas. Nonetheless, scientists purport to understand the behavior of actual gases by

reference to the ideal gas law (p. 38).

This is the argument | would like to examine closely. Does it show that sicientif

understanding, i.e., the cognitive success that we attribute to scientistfastine?
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To answer this question, some terms must be clarified. First, what istiesds
Law? The Ideal Gas Law is based on the following gas laws, which are gedside
special cases of the general law:

Boyle’s Law: The volume\() of a given mass of gas at a constant temperatire (

is inversely proportional to its pressum. V = constang

Charles’ Law: The volumeJ of a given mass of gas at a constant pressure is

directly proportional to the absolute temperatie.constang T

Avogadro’s Law: At a given temperature and pressure, equal volumes of gas

contain equal numbers of mol&é= constant n
For a given mass of gas kept at constant volume, the pressure law statespheddure
is directly proportional to the thermodynamic temperature. These gasdavie
combined in the Ideal Gas Lap¥ = nRT, wheren is the number of moles, aftis the
universal molar gas constant.

Second, what is an ideal gas? An ideal gas (or a perfect gas) is a gagykat o
the gas laws. It is supposed to consist of molecules that occupy negligible spacea
negligible forces between them. All collisions that occur between molezutethe
walls of the container or between molecules and other molecules are supposed to be
perfectly elastic, because the molecules have no means of storing ercsofyasx
translational kinetic energy. To derive the Ideal Gas Law, sciengsergly assume the
following:

(GL1) Gas molecules are moving in random directions in the sample. If, for some
reason, the gas molecules were all moving strictly up and down (or from

left to right) in the container, then the law would not hold.
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(GL2) Interactions between gas molecules can be neglected. In sorsgtigase
are unusually large attractions or repulsions between molecules. For the
most part, however, the average distance between molecules in a typical

gas sample is large enough to be neglected in the calculations.

(GL3) The average energy of gas molecules is proportional to the tempafatur

the gas.

So, does the Ideal Gas Law describe the behavior of ideal gases oresallgasems to
me that framing the question in this way is a bit misleading. In some sensend that
there are no “ideal gases” and “real gases.” There are just Basesnce scientists
themselves talk in terms of “real gases” and “ideal gases,” |allidivi this terminology.
But notice that an ideal gas is, by definition, a gas that obeys the gas law®ehhssts
suggest that scientists are aware that there are deviations from thedaulsat there are
gases that do not obey the gas laws under certain conditfons.

It is important to keep in mind that the Ideal Gas Law is the simplest equation tha
relates the pressupg volumeV, and thermodynamic temperatdref an amount of
substance. The equatiopV = nRTdoes not take into account the volume occupied by
the gas molecules and any forces between the molecules. Howeverr¢hame
accurate equations of state, suchpasK) (V —nb) = nRT, wherek is a factor that reflects
the decreased pressure on the walls of the container as a result ofttivattorces
between particles, amb is the volume occupied by the particles when the pressure is

infinitely high. The behavior of gases usually agrees with the predictions ofethleQds

19 5ee, e.g., Pan, et al (1998).
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Law to within +5% at normal temperature and pressures (Bonder, 20@¢)low

temperatures or high pressures, gases deviate more significantly fradedah&as Law.

When that happens, scientists can do one of the following. First, when gases deviate from

the ideal behavior predicted by the Ideal Gas Law at states neatutatisa region and

the critical point, scientists can account for this deviation at a given tenmeeaaid

pressure by introducing a correction factor known as the “compressibdity favhich

is defined aZ = pV/IRT. Second, they can use more accurate equations of state, like the

van der Waals equation. This equation explains the deviations from the Ideawas L

and it describes the behavior of gases over a wider range of temperaturessinepre
According to Elgin (2007), “There is no expectation that in the fullness of time

idealizations will be eliminated from scientific theories” (p. 38). | think Eigin rightly

says that an expectation to fully eliminate idealizations from theorasssto be

impracticable. However, it seems to me that there is an expectation todeakzations

more accurate and precise, i.e., to have them describe the intended domain in nature to a

greater approximation. It seems that the case of van der Waals illustiatpoint. He

knew that the kinetic molecular theory assumes that gas particles ococeglgble

fraction of the total volume of the gas. He realized that this holds at predssestocl

atm. As the gas is compressed, however, this is no longer the case. Realegaseasar

compressible at high pressures as ideal gases. The volume of a realrgas thda

what the Ideal Gas Law predicts at high pressures. He then proposed thatisglarac

term from the volume of the real gas before it is substituted in the ideadjgason

should account for this fact. He then introduced a condtanit the ideal gas equation

that was equal to the volume actually occupied by a mole of gas particlasrmh@at

180 Available at <http://chemed.chem.purdue.edu/gemétopicreview/bp/ch4/deviation.php#analysis>.
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is subtracted from the real volume of the gas is equal to the number of moles of gas
multiplied byb (because the volume of the gas particles depends on the number of moles
of gas in the container). So, when the pressure is relatively small and the volugte is hi
thenbterm is too small to make a difference in the calculation. At high tempesature
however, when the volume of the gas is smalljptiheerm accounts for the deviation
from the ideal gas equation.
Indeed, van der Waals also knew that, according to the kinetic molecular theory,
the force of attraction between gas molecules is zero. He realized, howavénete is a
small force of attraction between gas molecules that tends to hold the molegaiher.
This attraction accounts for the way gases condense to form liquids at lowdemgse
and for the fact that the pressure of a real gas is sometimes shwalleviat the ideal
gas equation predicts. So, to correct the deviations from the ideal gas equatiptiai
the pressure of a real gas is smaller than what the equation predicts)etiea aelan to
the pressure in the equation. He introduced a second corsgtantd thus he got the
following equation: | + an®/V?) (V —nb) = nRT.*%*
According to Elgin (2004), idealizations in science are fictions or “felisit
falsehoods” (p. 116). As Elgin (2007) writes:
The ideal gas is a fiction that exemplifies features that exist, &utaad to
discern in actual gases. The idealization affords epistemic accessetdethinses,
and enables us to explore them and their consequences by prescinding from
complications that overshadow the features in real cases. It is valuablecbhécaus
equips us to recognize these features, appreciate their significance,senolutea
subtle consequences that might be obscured in the welter of confounding factors
that obtain in fact. It serves as a focus that facilitates indirect caaapawhere
direct comparisons are unilluminating or intractale understand the
phenomena in terms of their deviations from the ideath idealizations are not

true, do not purport to be true, and do not aspire to be replaced by truths. But it is
hard to deny that they are cognitively valuable (pp. 40-41, my emphasis).

161 See Dilworth (2007), chap. 10. See also Losee4R00
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By way of illustration, Elgin considers the case of Copernicus and the heliocantiel.
She argues that it is a problem for the Copernican model that the orbit of the Batth is
circular. Such understandings, which contain propositions that are false, ard of nee
improvement. As Elgin (2007) puts it, “They are just way stations toward a better
understanding of the subjects they concern” (p. 41). On the other hand, she argues that it
is not a problem for the Ideal Gas Law that there are no ideal gases. Sucatidealido
not require improvement. Unlike false propositions embedded in understandings,
idealizations like the Ideal Gas Law “are not mere way stations to i étetter”
(Elgin, 2007, p. 41).

| would like to suggest that the case of the gas laws is an instance ofw@gniti
success, not because it is a “felicitous falsehood,” as Elgin argues, but besaase
instance of describing a given natural phenomenon to a greater approximation. The
history of the gas laws, and in particular, the case of van der Waals, seems thathow
idealizations do need improvement, and often are improved. It seems that we would not
attribute cognitive success, and scientists would not say that they understaekatier
of gases, unless we (and they) thought that their approximations are gettengnador
more accurate (i.e., that they are describing the behavior of gaseseuitbrgrccuracy).
In that respect, idealizations are “way stations to something better,” buensliyreo.

To see why, consider the heliocentric model again. Why does Elgin think that it is
a problem for the heliocentric model that planetary orbits are not circulat,i$uabt a
problem for the Ideal Gas Law that there are no ideal gases? The helkooentel is
supposed to model a certain phenomena, namely, planetary orbits, just as the Ideal Gas

Las is supposed to model a certain phenomena, namely, the behavior of gases under
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certain conditions of temperature and pressure. What is the difference betweeri?the
According to Elgin (2002), “The difference is plain” (p. 21). As Elgin (2002) writes:
That there exists no ideal gas does not discredit the ideal gas law. Bbetlea
exists no phlogiston decisively discredits the laws of phlogiston theory. The
difference is plainThe ideal gas law is a fictioso its falsity does not tell against
it. Since phlogistic laws purport to be factual, their falsity is their undoing (p. 21,
my emphasis).
This difference doesn’t seem so plain to me, however. On the one hand, if by saying tha
the Ideal Gas Law is false Elgin means that the equation that relesssinay,
temperature, and volume of gases is wrong, i.e., that every time the equatioret tappl
actual gases it yields the wrong results, then that is not true. Thexenaeegases
(though not all gases) that obey the Ideal Gas Law, and since an ideal gas is, by
definition, a gas that obeys the gas laws, it follows that there are ideal Qagbg other
hand, if by saying that the Ideal Gas Law is false, Elgin means thassbenptions made
to derive the law are wrong, i.e., (GL1)-(GL3), then | don’t see how it follovighka
whole thing is false. The Ideal Gas Law doesn’t give us the truth, the whihieand
nothing but the truth about the behavior of gases. Rather, it tells a partial, trugbstory
the behavior of gases. Admittedly, there are deviations from ideal-gagdrelBat
scientists know that and, presumably, the law is not meant to be universal ift®cope.
Apparently, then, if it is a problem for the heliocentric model that planetarg orbit
are not circular, it would be a problem for the Ideal Gas Law if thereaveneo ideal

gases. Indeed, it seems that if Ptolemaic astronomers were to introducepropcées to

their model in order to “save the phenomena,” we wouldn’t say that their understanding

182 According to Cartwright (1999), theoretical statnts are not meant to have universal scope; there a
no laws or principles that hold across the boatiaross all domains of inquiry. But this doesalerout

“a variety of different kinds of knowledge in a iety of different domains across a range of highly
differentiated situations” (p. 23).
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of the world thereby improved. We wouldn’t say that, it seems, precisely because
scientific understanding is factive. Since there are no epicycles théavggdcentric
model says there are, then accounting for the phenomena in terms of such ejpicyaties
an instance of the cognitive success we call “understanding.” Simifatgre were no
ideal gases, i.e., no gases that obey the gas laws, we wouldn’t say thatscientis
understand the behavior of gases. We wouldn't attribute understanding to them because,
if they were to try to describe the behavior of gases by making predictict drashe
gas laws, they would get things wrong most of the time. The laws would predict one
thing and gases would do another. If this were so, then it seems that this sitwatidn w
be more aptly characterized as an instance of failure rather than success.

Accordingly, it seems that if we deny that scientific understanding tivéagve
cannot attribute to scientists the kind of cognitive success or epistemieneetit that is
the mark of the sort of understanding in question. But if understanding is factive, then we
can attribute this sort of cognitive success to scientists when they emgédigations,
such as the Ideal Gas Law, precisely because they mirror the factseto som
approximation. That is to say, in the case of the Ideal Gas Law, it isglselbecause of
the agreement between the predictions of the gas laws and the behavior at%fdses (
margin of error in the case of the Ideal Gas Law) that we attributeti@gsuiccess to
scientists in this case. Otherwise, it seems, we would say that ssibatistno idea how
gases behave.

To this it might be objected that these idealizations arstriotly true, i.e., they
do not describe the behavior of gases with absolute accuracy across the bophy. lin re

wish to point out that the intended domain of the equations must be kept in mind. Of
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course, if scientists were to claim that all gases obey the gas laarsalindrcumstances
without any exceptions, and thus they understand the behavior of all gases, then that
would be incorrect. But that is not what they say. They are aware of the fatiotstat

gases obey the Ideal Gas Law only under certain conditions (i.e., relatbrelal ranges

of temperature and pressure). Under more extreme conditions of low temgeoature

higher pressure, there are deviations from ideal-gas behavior. And that is prshigel

more sophisticated equations were proposed by scientists like van der Waals. So, if
anything, this seems to suggest that their understanding is gettingieetiese they
understand the behavior of gases in terms of the gas laws as well as the conditions unde
which the gas laws hold true.

To illustrate this point, consider an analogous, and more familiar, casdyStrict
speaking, Newton’s laws of motion are not true. However, they are still very good
approximations when it comes to middle-sized objects traveling at speeds nosttocl
the speed of light and close to the surface of the Earth. As Bird (2007) points out,
“Newton’s laws provide a good approximation for middle-sized dry goods travalling
moderate speeds within the Solar System and not too near the Sun” (p. 81). When we
restrict the domain in this way, Newton’s laws of motion are correct aneheety useful
as well. Indeed, this is how we send satellites into orbit, by using esseNealtpnian
mechanics to make our calculations. That is to say, our orbital mechanics fcahrtif
satellites is essentially Newtonian. So, physicists used to think thabNewaws of
motions were universal (i.e., that they applied to all bodies under all conditions
everywhere). But then they realized that these laws hold only under certditians of

velocity, acceleration, proximity to massive objects, and so on. If this is Gdirea it
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seems reasonable to say that physicists had a limited understanding of mation the
whereas now their understanding has improved a great deal, partly due to leasning ne
facts about the conditions under which certain laws hold. This understanding is factive,
since statements of the form ‘Systems a Newtonian system (i.e., it obeys the laws of
Newtonian mechanics) under conditidCisare true. Similarly, we can attribute to
scientists who use the Ideal Gas Law understanding that is factive bdwaobgects of
their understanding are statements of the form g3asan ideal gas (i.e., it obeys the
Ideal Gas Law) under conditio®s (whereC specifies conditions of temperature,
pressure, and the like) and ‘Gadeviates from ideal-gas behavior under conditiofs
Kitcher makes a similar point about restricted generalizationse fomstrue a
statement about the double-helical structure of DNA as a strictly universaladization,
then it will likely be false. Molecular biologists make use of singlarsted DNA
artificially and ssDNA also occurs naturally under certain circuncgts (e.g.,
replication). The fact that there are such “counterexamples,” however, isauntsawith
the intended interpretation of the statement about the structure of the DNA mokwall
statement is meant to be interpreted “asstrictedgeneralization about the DNA
molecules typically found in cells in nature throughout most of the phases ottbé lif
the cell” (Kitcher, 1993, p. 118). The same point, | suggest, applies in the case of the gas
laws. We simply have to bear in mind that the laws are not meant to be strictlssahive
and hold under all conditions. Rather, we must be aware of “the limits and margins of
error within which the [law] holds true” (Bird, 2007, p. 81). Indeed, overall

understanding seems to get better when we know the scope of scientific laws.
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Realizing that certain laws apply only within certain ranges contriboiteserall
understanding, not because the laws themselves get things approximatehutight
because the objects of the scientists’ understanding are recognizedoxsagipons. In
other words, the object of scientific understanding is not a body of information about a
particular subject matter, as Elgin argues. Rather, the objects offsciemtierstanding
are statements about the state of affairs to which the law is an idealiati
approximation). If the cognitive object is something that acknowledges thizadiea or
approximation (the “boundary conditions”), then that object is true, and hence
understanding, in this case, is factive. To say that the object of understanding is an
idealization or approximation is not to say that it is a “felicitous falsehoodtieRat is
to say that the conditions under which the law holds true must be specified. Bird (2007)
shows how this could work as follows:

Let <py,..., px> be a series of hypotheses, accepted in that order over time, that

monotonically get closer to the truth. [...] We can see that there is alsonatdisti

but related sequence of propositions, entailed by the first, that exhibits the
accumulation of truth and (potentially) the accumulation of knowledgeA(Le)

be a propositional operator whose meaning is given &(piff approximately

p. Assuming first, for simplicity, that all thg are approximately true, the

sequence of proposition&\,),..., A(pk)> will be a sequence of propositions

each of which is fully true and adds to the truth provided by its predecessors (p.

77).

According to Bird (2007), this shows that the “improving precision of our
approximations can be an object of knowledge,” for “where there is accumulation of
verisimilitude there is also accumulation of truth” (p. 77). Similarly, | sugt/es

improving precision of our idealizations can be an object of (factive) understangng. J

as truths about approximations are still truths (i.e., statements of the form fampgedy
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p’ can be fully true), facts about idealizations are still facts (i.éersents about ‘the
state of affairs to which law is an idealization’ can be fully true).
This kind of understanding is the kind that is typical of science because it is tied
to explanation. According to Wesley Salmon (1998), “we Ismventific understanding
of phenomena when we can fit them into a general scheme of things” (p. 87, original
emphasis). Salmon argues that scientists are able to fit phenomena into bsgbeera
of things when they uncover the causal connections between them. For example, in
Chapter 2 we have seen that the likes of Pasteur and Koch were credited with advancing
scientific knowledge for uncovering the causes of infectious diseaseadthaf f
contagion, however, was known long before Pasteur and Koch. IndeedHistbry of
the Peloponnesian W&#31 B.C.E.), Thucydides (c. 455-400 B.C.E.) reports on a plague
that broke out during the war and recounts how healthy Athenians “caught themfecti
in nursing each other” (Book 2, Chapter VII), and how “even the previously healthy
soldiers [caught] the infection from Hagnon’s troops” (Books 2, Chapter%71§0, one
might argue, Thucydides knew about infection, but his knowledge stops there, and he
didn’t understand how or why the disease was passed from one person to another. As
Longrigg (1998) puts it:
Thucydides certainly observes and recordddhtof contagion. However, this is
not to say that he clearly enunciated dloetrineof contagion or possessed an
‘understandingf contagion and immunity’ or had any conception at all of its true
cause (p. 126, original emphasis).

If we go a step further, however, and ask why Thucydides failed to understangiaanta

the most reasonable answer seems to be that he didn’'t know the “true cause.” Not

163 Available at <http://ebooks.adelaide.edu.au/tAllites/crawley/index.html>.
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knowing that the cause is microorganisms or germs, he failed to understand how healt
humans can catch a disease by being around those who af¥ sick.

As Elgin (2007) points out, “The ideal gas law lies at the core of statistical
mechanics, and some such law is likely to lie at the core of any successoetd curr
theories” (p. 38). However, gas laws have undergone several transmutatiertbeainc
time of Boyle, Mariotte, Charles, Gay-Lussac, and even van der Waalshe .Bedttie-
Bridgeman equation and the Benedict-Webb-Rubin equation). These changes improved
the gas laws insofar as they now describe the behavior of gases with greatacya
Increasing accuracy and improving precision of approximations and idealizegiothe
the objects of (factive) understating, since what is understood is an approximation or
idealization (or the state of affairs to which the law is an idealization}.iFb@asay, the
cognitive object of scientific understanding is acknowledged by scientistsehass as
an approximation. But that means that the cognitive object itself is factive.

We must keep in mind, however, as scientists often do, the intended domain of
the gas laws. Is it true that all gases obey the gas laws under anystacoes? No.
However, it is true that the behavior of gases usually agrees with the ipresiwft the
Ideal Gas Law to within £5% at normal temperature and pressures. And it isuelsloat
the van der Waals equation is doing even better when it comes to high pressures. That is
why, | suggest, scientists claim that they understand the behavior of gaselsatisd t
also why we think that they have achieved this sort of cognitive succ#ss.iff correct,
then it seems that Elgin’s argument from scientific idealizationsttagtow that
scientific understanding is not factive, since it mischaracterizests$icieinderstanding,

and it fails to take into consideration the fact that the cognitive objects ofifscient

164 Cf. Kosso (2007).
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understanding are approximations and that understanding can improve by finding the
limits and margins of error within which laws hold true. If this is correct, themtstc
understanding is grounded in facts because scientists acknowledge that theyaweet
are approximations, they refine them by learning more about the conditions umcler w
they hold true, and they actively seek more accurate equations. If thiseistctiven
philosophers of science are justified in taking scientific understanding to beiesspec
knowledge, given that scientific understanding, just like scientific knowledgastisd.

The apparent disagreement between epistemologists and philosophers of science
about the nature of scientific understanding, it seems to me, is rooted in thetfact tha
philosophers of science construe scientific understanding as an externalist notion,
whereas epistemologists construe understanding as an internalist notion. Foppkiles
of science, on the one hand, the objects of understanding are natural phenomena. For
instance, according Schurtz and Lambert (1994), scientific understandary is “
intersubjective (objective) notion and independent of the psychological featyiesrof
persons” (p. 663%° For Schurtz and Lambert (1994), “Tiaderstanda phenomenoR is
to know howP fits into one’s background knowledge” (p. 66, original emphasis). Schurtz
and Lambert (1994) explicate this notion of understanding as follows:

To understand means to be able to give an answerundanstanding seeking

how-questionnamely, “How doe#® fit into the cognitive corpu€?” An

explanation seeking why-question—*"WR®”"—can also bémplicitly an

understanding seeking question because an answer of the form “Bx¥tause

shows implicitly howP fits into C. But it is only an answer to the above how-
guestion whiclexplicitly describeiow P fits into C, for example, by stating that

P is inferable fromX. The basic idea, then, can be regimented as follows: A

sentencd yields understanding &f if and only if it answers the question, “How
doesP fit into C?” (p. 67, original emphasis)

1%5|n other words, scientific statements are intejesttively testable, i.e., different researchersusthde
able to obtain evidence for a statement. See Ric¢2003).
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Note that a phenomenon is taken as a nonlinguistic entity, which may or may not obtain
(state of affairs), and that can be expressed by a declarative statehiehtriay be

singular or general, true or false). Hence, we may talk rather looselytadhwut
phenomenol® fits into C, but what is meant is that the statement expre$sfitg into C
(Schurtz & Lambert, 1994, p. 68). As Schurtz and Lambert (1994) put it, “the intended
objects of scientific [understanding] are not primarily scientific statds or other

linguistic structures, but theal phenomenriap. 73, original emphasis). This gives us a
notion of scientific understanding that is not only factive but also progressive in a
straightforward way. For “understanding is a feature of the developmeénnas C* (C

- C*)” (Schurtz & Lambert, 1994, p. 68).

For epistemologists, on the other hand, “the view of understanding outside of
epistemology such that understanding is a species of knowledge is falsaigifel
forthcoming, p. 17) because “understanding is construed along epistemicallylisiterna
lines” (Pritchard, forthcoming, p. 12) and the objects of understanding are subject
matters, or whole theories in the case of science, as in “l understand quantws’physi
(Pritchard, forthcoming, p. 12). It seems, then, that epistemologists take this objec
understanding to be scientific theories, rather than natural phenomena, asppleiis ©f
science do. But perhaps scientific theories are sometimes the objedentfisc
understanding. As Feynman (1965) once said, “I think | can safely say that nobody
understands quantum mechanics” (p. 129). That seems to suggest that scientistgare try

to understand not only natural phenomena but also their theoretical representahens.
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is so, then perhaps this kind of understanding should be construed as objectual
understanding®®

However, we have already seen why we should reject this kind of holism about
scientific theories. Given that our main concern here is scientific progredsa
construal of scientific understanding might open the door to skeptical attacks of the
pessimistic sort. As we have seen in Chapter 5, the Pessimistic Metadndiggumes
an implicit holism about scientific theories. So, if we construe scierttifigrtes as the
objects of objectual understanding, where there could be some propositions in the
periphery that are false, but those at the core are true, then the pesgmistrgue that,
since the theory is not strictly true, then the whole thing is false. If gle wiavoid this
kind of pessimism about scientific progress, however, | think we should resist this kind of
holism about theories. To do so, | suggest that we focus on individual claims to
knowledge as opposed to whole theories. Statements (or propositions) are the proper
objects of knowledge as well as understanding, since understanding is a gpecies
knowledge (both are factive). If this is correct, then scientific progressstonsthe
accumulation of those statements that qualify as knowledge, not only of the tla¢oretic
(inferential) variety, but also of the empirical (factual), practiaaj methodological
variety. As for quantum mechanics, | suppose many physicists find the scientifi

understanding that it affords less than satisfactory precisely bebausesta great deal

1% 1n response to Elgin, Kvanvig (2009) writes, “Tiesue here concerns the object of understanding. On
might understand the model or theory itself, asmige understands phlogiston theory. One does not
thereby understand combustion, however. Understgrttie world scientifically is not simply a mattr
understanding the given model but involves, ratbeme relationship between the model and reality.
Scientific understanding of the sort in questionsists in the possession of a model and a realizafithe
extent to which it is an idealization and what aspef reality the model is intended to shed light (p.

342).
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about the theory and its applications that we still don’t know (Schurtz & Lambert, 1994,
pp. 103-107).
7.b. Concluding Remarks

Before | settled on philosophy, | was studying computer science. Weautssd t
the following anecdote about a logic professor whose logic class wadedtby both
computer scientists and mathematicians. One time, the professor lined up taedoys
end the classroom and the girls at the other end and told them that once everyhaynute t
could move forward exactly half of the remaining distance between them. When the
professor said “go,” all the mathematicians stayed put because they kyemothd
never get there, but all the computer scientists stepped forward becausectvdiey
would get close enough to make it count.

If my arguments are successful, then scientists in general (aini¢hast
biosciences) are more like computer scientists than mathematitidimst is to say,
scientific knowledge counts as knowledge if we grant that the objects of Bcienti
knowledge are individual statements with a restricted domain of application, ttather
whole theories, and that it is fallible insofar as it is based on non-deductiveents.
Not only theoretical (inferential) knowledge counts as scientific knowledgedmt al
empirical (factual), practical, and methodological knowledge. The acctiorutd each

of these types of knowledge counts as scientific progress because, in sciencegknow

187 Although, if | am right, then progress in sciemsrall is more continuous and cumulative like pesg
in mathematics. According to Dauben (1992), “Like tnicroscopist, moving from lower to higher levels
of resolution, successive generations of mathemasgacan claim to understand more, with a greater
stockpile of results and increasingly refined téghas at their disposal. As mathematics becomes
increasingly articulated, the process of resolulidngs the areas of research and subjects folgrreb
solving into greater focus, until solutions areaotéd or new approaches developed to extend the
boundaries of mathematical knowledge. Discovernpesimulate, and some inevitably lead to revolutignar
new theories uniting entire branches of study, peiy new points of view, sometimes wholly new
disciplines that would have been impossible to poedwithin the bounds of previous theory” (p. 63).



200

how’ is just as significant as ‘knowing that’. That is how scientists evapuatgess, and
that is how philosophers of science (at least those who are naturalists) shtudteeva

progress as well.
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Appendix
The Analysis of Knowledge
The traditional analysis of knowledge is known as the JTB account, which
analyzes knowledge as justified true belief. According to this acc®untyws thap if
and only if:
(B)  Shbelieves thap

(M pis true
@)] Sis justified in believing thagb

According to the JTB account, theédknows that it is raining, for instance, if and only if
it is true that it is rainingS believes that it is raining, ar®ls justified in so believing.

In “Is Justified True Belief Knowledge?” Edmund Gettier (1963) advances two
counterexamples against the JTB account. Each case involves (or at leiagtlntui
seems to involve) instances of justified true belief that nonetheless failristaeces of
knowledge. Although it seems that most epistemologists have accepted tleatlRet
cases (at least those that do not involve a false lemma) are genuine courgk®iam
the JTB account (i.e., they are genuine examples of situations in which themgiesti
“DoesSknow thatp?” and “DoesS have a justified true belief thp?” have different
answers, and thus show that the JTB account of knowledge is either wrong or
incomplete), it is not clear what is the lesson to be learned in the wake ef'Getti
seminal papet®®

So what have we learned from Gettier's cases and the deluge of litéhatiure
followed the publication of his article? Well, it seems that there is no atesaver to this

guestion. In the aftermath of Gettier’s article, it seems that eptbgists have taken

188 See Shope (1983).
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almost every conceivable position with respect to the analysis of knowledgesHexe i
Frank Jackson (2002) describes the situation:
What did we learn from the Gettier incident and its fall-out? A few say that we
learnt nothing. Knowledge is true justified belief despite Gettiertslke
examples. Some say that we learnt that knowledge is not true justifiedanelief
we must seek a fourth condition to add to truth, belief and justification. Perhaps
they have a candidate ready to hand. Some say that we learnt that knowledge is
not true justified belief but that Gettier's examples mislead us. We should not
look for a fourth condition but should rather look for a suitable replacement for
the justification condition. Some say that we learnt as much from the fall-out as
we did from Gettier's examples. His examples prompted a search for ansnalys
of knowledge that can only be described as failure. This tells us that there is no
unitary concept of knowledge but rather a series of interlocking and to some
extent vague notions, each of interest and value in its own way. Finally, some
agree that we learnt as much from the fall-out as from the examples but urge that
what we learnt is that our single concept of knowledge is unanalysable (p. 516).
This messy state of affairs might lead one to think that the concept of knowledgetoes
admit of a conceptual analysis in terms of necessary and sufficient conditions.
According to Timothy Williamson (2000), Gettier's examples taught us that our
single concept of knowledge is unanalyzable. We can construe the claim tr@aidbptc
of knowledge is unanalyzable in at least two ways. In its weak sense, it laithéhat
there is no unitary concept of knowledge, but rather a series of interconnected, and to
some extent perhaps vague, notions. In other words, there is no single notion that
underlies our ordinary use of ‘knowledge’. In its strong sense, it is the claim treaighe
a single notion of knowledge. However, it is unanalyzable, like many other unanalyzabl
notions. It seems that Williamson argues for the strong rather than theseresk He
argues that knowledge is a key concept in epistemology. For Williamson, knowledge
does important theoretical and explanatory work that cannot be done by justified true

belief or any other variant. Knowledge has an explanatory and predictive vdlbelteh

lacks. For example, lengthy persistence is better explained by initial éaigevthan by
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initial true belief. If I know that there is a beer in the refrigeratom haore likely to look
longer for it than if | merely believe, even truly or justifiably, thatéhera beer in the
fridge.

Another important thesis Williamson argues for is the thesis that evidenbatis w
we know. He expresses this thesis as follows: E = K. For Williamson (1997), erary it
of evidence is something we know, sometimes knowledge that things seem so and so (p.
718). Belief and knowledge, for Williamson, are both mental states. But beliefestal
state that aims at knowledge, not merely truth. If Williamson is right abmsythen it
seems that we use the concept of belief to describe the mental stateawetsrever
we try to know something but fail.

None of the aforementioned considerations amounts to denying that knowledge
entails truth. Indeed, Williamson accepts that knowledge entails truth and thae&gewl
and belief are mental states, but he does not think that we can come up with a conjunctive
analysis of knowledge with belief as one of the conjuncts. He also insistsdtatre
differences between truth-seekers and knowledge-seekers. As Widiraps (1897)
pointed out, human cognition is characterized by two distinct “imperatives”eReli
truth!” and “Shun error!” (p. 18). A truth-seeker who follows the former but not the latter
might satisfy her desire for true beliefs by venturing a guess. Inwtirds, in the
absence of considerations pointing one way or another, a truth-seeker shouldabelieve
random as many things as she can because that will maximize true bdéefd,Ishe
might even believe contradictions and thereby guarantee at least oneietie bel
However, if we take the aim of belief to be knowledge rather than truth aloneni see

that we can easily account for these aspects of human cognition and betiefyfor
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behavior. A knowledge-seekeripso factoa truth-seeker, because knowledge entails
truth. But a knowledge-seeker is also a falsehood-avoider, for a belief-forming
mechanism that might have easily generated a false belief rather tignone is not a
reliable belief-forming mechanism, and hence cannot yield knowledge (dnamiiv
actually generates true beliefs on occasion). When we think of knowledgezas thie
belief, it seems that we can account for this safety from error and randomietief-
formation that is required for knowledge. As Williamson (2000) writes: “If one know
one could not easily have been wrong in a similar case. In that sense, oneis belief
safely true” (p. 147).

| think that Williamson’s view that belief aims at knowledge is congenial to the
epistemic account of scientific progress. If the aim of inquiry is knowledge tlleeaim
of scientific inquiry is scientific knowledge. As Bird points out, argumentsi@r
epistemic account of progress would lend support to the view that belief aims at
knowledge, and arguments for the view that belief aims at knowledge would lend support
to the epistemic account. We can see why this is so by considering thendéfeetween
truth-seekers and knowledge-seekers again. According to Bird (2007):

The aversion to falsity—the requirement of reliability that truth-sep&annot

explain alone—is explained by knowledge-seeking precisely because a

mechanism that might easily have given a false belief cannot gekeoattedge

even when it in fact generates true belief. Randomness in belief-formation is

inconsistent with belief aiming at knowledge (p. 86).
Conceiving of scientific knowledge as the aim of scientific inquiry would @xpay

scientists are concerned with not only gaining new knowledge but also avoidingret

correcting erroneous belief®

189 See Chapter 2 of this dissertation.
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As Bird (2007b) also points out, Williamson’s E = K thesis provides a way to
respond to skeptical arguments, such as the following:

(OBS) all evidence is observational.

(INF) from observational premises only observational conclusions may be

rationally inferred.

therefore

(SCEP) only observational propositions can be known (p. 69).
If we adopt E = K, then (OBS) can be reformulated as follows:

(OBS*) all knowledge is observational (p. 70).
But then it turns out that (OBS*) and (SCEP) assert the same proposition, nantely, tha
we can only have observational knowledge. In that case, Bird argues (2007b), this
skeptical argument is clearly question-begging (p. 71).

Williamson’s account is by no means widely accepted among epistemologists. |
think it is safe to say that most epistemologists take knowledge to be trefephedia
“third condition,” which involves some sort of epistemic justification or evidence. This
“third condition” has to somehow avoid the Gettier problem. According to Zagzebski
(1999), for an account of knowledge to avoid the Gettier problem, the satisfaction of the
“third condition” must entail the satisfaction of the truth condition (p. 104). One way to
make an account of knowledge “Gettier-proof” in this way is to make attributions of
knowledge sensitive to context. Recently, Ram Neta (2002) has argued for the following

contextualist account of knowledge:

(K) Sknows thap if and only ifSreasonably believes thabn the strength of
Ss conclusive evidence fqr(p. 670).

To have “conclusive evidence fpy’ according to Neta (2002), “is to have evidencepfor

that one couldn’t have g weren’t true” (p. 670). It might appear as though (K) is



206

inconsistent with the way | characterize scientific knowledge abl&lh Chapter 5.
According to Feldman (1981), fallibilism is the claim that:

(F1) It is possible fo6to know thatp even ifSdoes not have logically conclusive
evidence to justify believing that(p. 266).

This amounts to claiming that we can know things on the basis of non-deductive
arguments. So are (K) and (F1) inconsistent? That depends on what “conclusive
evidence” is.

It might seem as if inductively formed beliefs must be based on inconclusive
evidence. However, Neta argues that (K) does not rule out inductive knowledge. Neta
(2002) gives the following example:

| see a row of 50 switches and, adjacent to it, a row of lights. | press switch A and
the light next to it turns on. Then | press switch B and the light next to it turns on.
The same happens with switches C and D. On the basis of these observations, |
form the belief that each switch controls the light next to it. Do | lsanelusive
evidence for this belief? That depends on what my trials have shown. If ly tria
showthat each switch controls the light next to it, then | do have conclusive
evidence: my trials canghowwhat isn’t so. But it may seem as if my trials do

not show this. But then what do they show? Do they show that switches A, B, C,
and D control the lights next to them? Or do they show that switches A, B, C, and
D control the lights next to them at the moments at which | pressed those
switches? Or do my trials not show anything about what controls what, since the
noticed correlations may be accidental? Or do my trials not show even that there
are any lights or switches, or any external objects? If we do not allomyhat

trials show that each switch controls the light next to it, then why should we allow
that my trials show anything at all about a world external to my mind? (p-'872)

According to Neta, this example illustrates that the apparent inconsitetvogen (K)
and inductive knowledge is an instance of the apparent difficulty in understanding how
any knowledge of the external world is possible, where knowledge is constrigechs

of (K). This is where the context-sensitivity of attributions of evidence cames

170 think this example also illustrates how skepticiabout theoretical knowledge and “unobservalites”
unprincipled. See Chapter 5 of this dissertation.
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What is involved in having evidence? Part of the answer, according to Neta
(2002), has to do with the following:

1. For “Sto have evidence fqris for Sto have evidence that favgrover some
alternative(s) that are relevant in the context of epistemic apprgis&l73).

2. “Scan have evidence that favgrever some relevant alternatigenly if there is
some difference between the way that things would b8 ifop were true and the
way that things would be f@&if g were true” (p. 673).

3. “Scan have evidence fprwithout knowing thap, without believing thap, and
without knowing that she has evidenceo(p. 673).

Accordingly, the notion of evidence in (K) is context-sensitive in the followingese
We can truthfully claim tha® has evidence fgy only if Sis in some
introspectible state that she would be ip Were true, but that she would not be
in if relevant alternative tp were true. What's available 8s introspection
thereby indicates that rather than any of its relevant alternatives, is the case
(Neta, 2002, p. 673).

What counts as evidence is relative to a context of attribution of evidence, agdordin

Neta. Two hypotheses, h1l and h2 are “introspectively indistinguishat#if@and only

if:

(a) If h1 were true, the®would be in mental state M1, and

(b) If h2 were true, the®would be in mental state M2, and

(c) Any difference between M1 and M2 is not introspectively availab to
(Neta, 2002, p. 674).

Suppose that hypothedibsis “an uneliminated counterpossibility” with respecS®
knowing thatp att if and only if “(i) H implies thatSdoesn’t know thap att and (ii)H

and ‘Sknows thap att’ are introspectively indistinguishable 8 (Neta, 2002, p. 674).
Then, “An appraiseX ‘raises’ an uneliminated counterpossibility with respe& o
knowing thatp att just in caseX (seriously and sincerely) treats that counterpossibility as

relevant to the appraisal 8% epistemic state, and relevant by virtue of being an
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uneliminated counterpossibility” (Neta, 2002, p. 674). Neta (2002) states this ada rul
add to his account of knowledge:
(R) When one raises an hypotheadithat is an uneliminated counterpossibility
with respect t&s knowing thaip att, one restricts what counts in one’s context
of appraisal aSs body of evidence dtto just those mental states tidtas, and
would have, at whether or noH is true (p. 674).
Together, (K) and (R) give a contextualist account of knowledge that treceentext-
sensitivity of knowledge ascriptions to the context-sensitivity of evel@scriptions. On
this account, inductive knowledge is possible. As Neta (2002) writes:
Sinductively knows thap just in casés believes thap on the strength of
evidence thashows thap. But whetheiSs evidence shows thatdepends upon
whatSs evidence includes. Wh&s evidence includes is relative to a context of
ascription, and so too, therefore, is the possibilitg ®possession of inductive
knowledge (p. 674).
| find this account congenial to the epistemic account of progress because iteseems
point to the way in which background knowledge guides scientific research.
Philosophers of science have long pointed out that ampliative inferences, the kind
of inferences that are ubiquitous in science, are sensitive to background information and
context, especially when explanations are concerned. Consider the followmglex
discussed by Peter Achinstein (1983). It is commonly known that if a person iagests
pound of arsenic, she will die within 24 hours or so. So, from the fact that gehsmn
ingested a pound of arsenic, we may infer that she died within 24 hours from the time of
ingesting a pound of arsenic. Suppose, however, that, unbeknownsatovaskilled by
a bus before the arsenic could take effect. So, in fact, the faét imgested a pound of

arsenic doesn’t explain her death. In this case, in addition to the inference pbackgr

knowledge is required in order to figure out the explanation. The point, | think, is a
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familiar one. Unlike deductive reasoning, non-deductive reasoning is non-monatanic, i
the addition of premises may annul what was initially a good inductive inference
Some might be worried that knowledge based on inductive inferences is
impossible because of the Humean problem of induction. Thus understood, Hume’s
problem is a problem concerning the capacity of inductive reasoning to yield kigewle
As Bird (1998) puts it:
Hume’s problem suggests that inductive knowledge is impossible. The inductive
sceptic requires that, in order for an inductive argument to yield knowledge, |
must be able to demonstrate that my use of induction will yield knowledge. This
demonstration must itself amount to knowledge. So, in order for induction to yield
knowledge, | must know that it yields knowledge (p. 216).
As Bird (forthcoming) points out, Hume’s problem assumes some version of irgernal
That is to say, “it assumes that in order for some method to yield knowledgegthatim
needs to be justified, in the sense that we must be in possession of good reasons for
thinking that this method of reasoning is one that yields true conclusions when geven tr
premises” (p. 9" This may be considered as a version of internalism about justification,
since the internalist would require that a method may justify our beliefsfotdy i
capacity to do so is apparent to a sufficiently reflective subject. Thenaksedenies
that. For the externalist, the capacity of a method to justify beliefs mapdem some
feature of the world that is not accessible to the subject who is using that method.
One externalist view that may be useful in addressing this problem about
inductive knowledge is reliabilism. According to reliabilist epistemolégpwledge is
true belief acquired by a reliable method. On a reliabilist account digastn,

inductively inferred beliefs may be justified as long as certain conditibtasn. In the

case of inferred beliefs, one condition that must obtain is that the subject hasrguffici

1 Available at <http://eis.bris.ac.uk/~plajb/resédpapers/Induction.pdf>.
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and relevant evidence for the inductive inferential rule to apply. The reliadfitibe

inference would require that nature is in fact law-governed in certain respeets.i3 no
requirement, however, that the subject be aware that these conditions about nature hold.
The condition regarding nature being law-governed is external and need notgl&ayna r

the subject’s reasoning. So, externalism about justification in general, andisehabi
particular, allow us to think about inductive beliefs as justified when some dxterna
conditions hold, even if we are not aware that they/tlo.

Some may find this externalist move quite unsatisfactory and demand a
justification for the belief in the reliability of inductive inferences. kedlewve do often
think that we have warranted beliefs concerning certain belief-forminggses and
methods. For example, we usually take biopsy to be a more reliable processitg for
beliefs about a person’s medical condition than chiromancy (palm reading). Hothever
inductive skeptic warns that any attempt to justify use of a certain method oiiveduct
rule of inference by relying on that same method or rule would be viciously circular

In the spirit of externalism, or reliabilism in particular, a reply to thisgdhaf
circularity proceeds by drawing a distinction between “premise-aintyill and “rule-
circularity.””® On the one hand, premise-circularity, i.e., an inference that purports to
establish the truth gf by usingp itself as one of the premises, is viciously circular. On
the other hand, rule-circularity is not an instance of vicious circularity -&rdelarity
occurs when we use an argument to establish a proposition concerning éergle that
Ris reliable) and the form of this argument is an instanée binlike premise-

circularity, an argument that displays rule-circularity does not contaienaige that

172 5ee Bird (forthcoming), pp. 9-12. See also Me{lik891), chap. 15.
173 See Braithwaite (1953).
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asserts the reliability d®, and thus the conclusion is not among the premises. Since this
is s0, rule-circularity is not vicious circularity As an externalist response to the
inductive skeptic, this move is especially effective because it will not do fondhetive
skeptic to complain that we are tacitly assuming the reliabili§ loy employingR. For,
according to reliabilism, the subject need not have any tacit beliefs on@ssos about

the reliability of the rules that she is using. For knowledge and justificatisnjsually
enough that the rule is in fact reliable.

In conclusion, | would like to emphasize that this appendix is by no means
intended to be a comprehensive survey of analyses of knowledge. Rather, | simply
presented accounts of knowledge that | find especially congenial to the epigbemiint
of scientific progress. It seems to me that these accounts of knowledge cawo serve
illuminate the notion of scientific knowledge. | also find them useful as faddiessing
skeptical attacks on scientific knowledge is concerned. | prefer Williamaoatint of
knowledge as unanalyzable for the reasons pointed out by Bird and discussed above.
Since Williamson’s account is by no means generally accepted amongneisfists,
however, | mentioned other accounts of knowledge that | find congenial to the epistemic
account of scientific progress. | think that the epistemic account of scigmbfijcess
would work just as well with any one of the analyses of knowledge discussed in this

appendix.

17 See Bird (forthcoming), p. 11.
175 See Psillos (1999), p. 83. Cf. Iranzo (2008).
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