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1. Introduction

Par tic u larly for his con tri bu tions to the do main of phi los o phy of sci ence
Pop per is highly re spected. One of his main con cerns was the prob lem of
de mar ca tion, which in ti mately co heres with the prob lem of in duc tion.

2. Sense experience and its limitations

Within positivistic cir cles the is sue of de mar ca tion was in spired by the
ideal to pro vide an ex pe ri en tial foun da tion for re li able sci en tific knowl -
edge. The term ‘em pir i cal’ is nor mally re stricted to sense ex pe ri ence.

Much has been writ ten about the philo soph i cal ori en ta tion of pos i tiv ism.
The es sen tial el e ment which I want to lift out within this con text is the
em pha sis laid by pos i tiv ism upon sense ex pe ri ence. Of course one can re -
late this to the age-old epistemological quest to un der stand the sources of
knowl edge. Tra di tion ally there were two main can di dates: the senses and
rea son (intellect). Some times in tu ition is in tro duced ei ther as a part of the 
for mer or of the lat ter, while in a few in stances phi los o phers viewed in tu -
ition as a fac ulty tran scend ing the con fines both of sen si bil ity and ra tio -
nal ity.

Al though hu man knowl edge un folds in the for mu la tion of ar gu ments, no
sin gle ar gu men ta tion can side-step the con cepts pres ent in the state ments
or prop o si tions. Im plic itly or ex plic itly phi los o phers of sci ence, in their
at tempt to give an ac count of the sta tus of sci en tific knowl edge, there fore
have to come to terms with the na ture of con cept for ma tion.
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Cassirer points out that the con cept of num ber first of all helped us to ap -
pre ci ate the na ture and value of con cept for ma tion as such. Surely, Py -
thag o rean think ing over es ti mated the role of num ber by claim ing that
num ber con sti tutes the es sence of ev ery en tity. How ever, by leav ing this
meta phys i cal per spec tive aside we were en abled, ac cord ing to Cassirer, to 
re al ize that al though num ber does not con sti tute the es sence of things, it
does form the foun da tion for ra tio nal knowl edge.1 Of course this ac -
knowl edge ment does cause se ri ous prob lems for an ac count of con cepts
based upon (sense) ex pe ri ence. The hu man senses are al ways di rected to -
wards dif fer ent kinds of en ti ties and pro cesses. For ex am ple, one can ob -
serve the dif fer ent peo ple pres ent at a con fer ence and see how they in ter -
act in the course of the event. One can even count those who are pres ent
at the event and as sign a num ber to it, sim ply be cause those attending the
con fer ence in di vid u ally and col lec tively dis play quan ti ta tive prop er ties.
How ever, in terms of af firm ing “sense ex pe ri ence” as the ul ti mate source
of knowl edge the cru cial ques tion arises: is it pos si ble to come to a sen -
sory ob ser va tion (perception) of the nu mer i cal (and other) as pect(s) of the 
event?

3. The ‘objectivity’ of science: ‘reason’ protected from faith?

Within the empiricistic tra di tion – in mod ern phi los o phy ad vo cated by
Locke, Berke ley and Hume – “sense data” re ceives a cen tral po si tion. In
the thought of Kant a pe cu liar re la tion ship be tween “cha otic sense ma te -
rial” and the or der ing func tion of “thought cat e go ries” is por trayed.

It is re mark able to note how in flu en tial this ori en ta tion of Kant is, for
Pop per still de fends it:

Thus Kant was right that it is our in tel lect which im poses its laws – its ideas, its
rules – upon the in ar tic u late mass of our ‘sen sa tions’ and thereby brings or der into
them (1972:68).

The dis tinc tions in tro duced by Kant in this re gard re flect his own at tempt
to ar rive at a de mar ca tion be tween (nat u ral) sci ence and prac ti cal faith.
His po si tion turned out to be an al ter na tive to the tra di tional Ro man Cath -
o lic  dis tinc tion be tween rea son and faith, al though Kant's mo ti va tion for
mak ing this dis tinc tion stems from a dif fer ent ba sic mo tive. The du al ism
be tween na ture and grace was re placed by the di a lec tic be tween na ture
and free dom. Kant wanted to pro vide a firm foundation for the pre ced ing
ideal of an en com pass ing nat u ral sci ence which is re stricted to the do main 
of sense ex pe ri ence (cha otic sen sory im pres sions). Within the super sen -
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sory do main of prac ti cal free dom the category of cau sal ity does not ap ply. 
His fa mous state ment is: “Ich mußte also das Wissen aufheben, um zum
Glauben Platz zu bekommen” (1787, In tro duc tion to the sec ond edi tion,
B:xxx).1

4. Faith in science

Pos i tiv ism and neo-pos i tiv ism pur sued this split to its ul ti mate con se -
quences by claim ing that “sci ence“ is an “ob jec tive” and “neu tral” en ter -
prise. With “(sense-) ex pe ri ence” as the sole and fi nal judge, the cri te rion
of em pir i cal ver i fi ca tion is in tro duced to dis qual ify any and all  philoso -
phical pre sup po si tions. “Sci ence” is sup posed to be with out any pre sup -
po si tions what so ever. Within the ‘cir cle’ of Vi enna meta phys ics was rid i -
culed and re jected while ‘sci ence’ was pro moted to be the only re li able
guide to life.

5. The alternative route proposed by Popper

Hacohen points out that Pop per “sought to over come the gap the cir cle
had opened be tween sci ence and phi los o phy” (2002:195). By at tempt ing
this Pop per once again opened the av e nue to his tor i cal per spec tives, be -
cause there is no sin gle dis ci pline (spe cial sci ence) which does not mir ror
within its own con fines the suc ces sive trends man i fested in the his tory of
phi los o phy. But we have to ex plore the his tor i cal back ground a bit fur ther 
in or der to ap pre ci ate what Pop per did.

5.1 Kant's ultimate trust in ‘reason’

The po si tion taken by (neo-)pos i tiv ism cer tainly was not to tally new or
orig i nal. Al ready Kant was con vinced by his Brit ish pre de ces sor, Da vid
Hume, that ex act nat u ral (physical) laws can not be founded in “ex pe ri -
ence.” Af ter all, Kant could not agree with Hume that we ob tain all
knowl edge from sen sory per cep tion or “ex pe ri ence” alone.2 What im -
pressed Kant par tic u larly is the abil ity of hu man be ings to pro duce an in -
tel lec tual for mu la tion of the laws which things in na ture obey. As a con -
se quence he fo cussed his at ten tion on the (epistemological) ques tion how
such knowl edge is pos si ble.

Kant was par tic u larly im pressed by the con tri bu tion of Ga li leo to the de -
vel op ment of the mod ern nat u ral sci ences. What im pressed him is that
Ga li leo for mu lated his law of in er tia with the aid of a pure thought-ex per -
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2 Hume clai med: “To hate, to love, to think, to feel, to see, all this is not hing but to per -
cei ve” ( A Tre a ti se of Hu man Na tu re, I,2,6).



i ment. In his fa mous trea tise on “two new sci ences” (1638) Ga li leo used
the fol low ing thought-ex per i ment: if a body is put in mo tion on an in def i -
nitely ex tended track, then this body would con tinue its mo tion in fi nitely,
i.e. it would not dis con tinue its mo tion ex cept if some thing ex erts power
on it (e.g. grav ity or fric tion).1

From this Kant draws the fol low ing con clu sion: if it is pos si ble for Ga li -
leo to for mu late a thought ex per i ment out of the spon ta ne ous sub jec tiv ity
of the o ret i cal thought and to de duce a nat u ral law from it – the kine ma -
tical law of in er tia – then this must en tail that el e ments of knowl edge are
pre vi ously (a pri ori) pres ent within the hu man mind, which in the first
place makes pos si ble our knowl edge of re al ity.

What is known as Kant’s so-called ‘Co per ni can’ rev o lu tion in epis te mol -
ogy – in as crib ing the pri macy no lon ger to the ‘ob ject’ but to the (for mal
law-giv ing) sub ject – re in forced the no tion of things within na ture as ‘ob -
jects’. Some one in clined to de fend the neu tral ity of ob ser va tion nor mally
would be will ing to ac cept as the most gen eral ob ser va tion-term the no -
tion of an ‘ob ject’: all the dif fer ent things in na ture are to be seen as ‘ob -
jects’. How ever, this ob ser va tion-term in it self dis plays the tre men dous
subjectivistic as sump tion so deeply impregnated in our West ern no tion of
sci ence – as such caus ing the in abil ity to ap praise things in na ture as gen -
u ine sub jects, i.e. as be ing sub jected to phys i cal laws for their ex is tence
as ma te rial things.

In so far as phys i cal en ti ties are ma te rial they are not ob jects but sub jects
(sub ject to phys i cal laws), and in so far as they are ob jects they are con -
sid ered ac cord ing to some or other non-phys i cal facet – for ex am ple as
some thing per ceived (sense-ob ject), as some thing analysed (iden ti fied
and dis tin guished from some thing else – log i cal-an a lyt i cal ob ject), as
some thing bought or sold (eco nomic ob ject), and so on. There fore, al -
though things such as these could be objectified by hu mans, this objectifi -
cation pre-sup poses their pri mary ex is tence as (phys i cal) sub jects. Speak -
ing about them in all pos si ble con texts as ob jects simply un der scores the
pow er ful subjectivistic (hu man-cen tred) leg acy op er a tive in West ern
think ing!

5.2 Setting a new scene: transcending (neo-)positivism

(Neo-)pos i tiv ism can be de scribed as the philo soph i cal idol iza tion of the
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ex per i men tal method on the ba sis of sen sory per cep tion. Neemann aptly
re fers to this con vic tion with an apol ogy to the bib li cal say ing: in the be -
gin ning was the Word. “Am Anfang war die Methode.” (“In the be gin ning 
was the Method” – 1986:70.) The cen tral prin ci ple of the Wiener Kreis, in 
the twen ties and thir ties of the 20th cen tury, was that of  “  veri fication.”

5.2.1 Wittgenstein and Popper

Al ready Ernst Mach claimed – on the grounds of em pir i cal (i.e. sen sory)
per cep tion – that only math e mat ics and phys ics are to be al lowed within
in the domain of the sci ences.

This de lim i ta tion of sci ence led Wittgenstein, the math e ma ti cian-en gi -
neer- phi los o pher, to the point of view that the lim its of my lan guage are
the lim its of my world (Tractatus 5.6.). Ac cord ing to Wittgenstein the task 
of phi los o phy is to de limit the con tro ver sial ter rain of the nat u ral sci ences 
(= phys ics) (4.113) – and the to tal ity of the nat u ral sci ences con sti tutes
the to tal ity of true prop o si tions (4.11). That which tran scends the prop o si -
tions of phys ics (which is mean ing ful) and logic (the prop o si tions of
which are tau tol o gies and there fore mean ing less: 4.461) can not be known
or lin gually ex pressed – it be longs to the sphere of non sense (Unsinn).
The ob jec tion that the Tractatus it self would be a vic tim of such a de lim i -
ta tion of sci ence (to logic and nat u ral sci ence) is ob vi ated by Wittgenstein 
with his com ment that his prop o si tions serve an il lu mi nat ing end:

any one who un der stands me even tu ally rec og nizes them as non sen si cal,
when he has used them – as steps – to climb up be yond them. (He must,
so to peak, throw away the lad der af ter he has climbed up it) (6.54)!

Karl Pop per re acted strongly against this at tempt at de lim i ta tion by
Wittgenstein. He in ves ti gates, for in stance, the fol low ing sen tence by
Wittgenstein: “Phi los o phy is no the ory, but an ac tiv ity” (4.112). This sen -
tence clearly does not be long to the to tal ity of nat u ral sci en tific prop o si -
tions, and there fore also not to the to tal ity of true prop o si tions. On the
other hand it is not a false prop o si tion ei ther, since if it was, then its ne ga -
tion would have to be true and there fore it would be long to the nat u ral
sci ences. The only pos si bil ity then would be the men tioned con clu sion of
Wittgenstein (6.54): the sen tence is non sen si cal. Al though Wittgenstein
ad mits with this that the Tractatus is non sen si cal, he de clares in the fi nal
para graph of the Pref ace that the truth of his no tions ap pear to him un as -
sail able and de fin i tive. He is even of the opin ion that he has on all car di -
nal points found the fi nal so lu tion to the prob lems!

In a rad i cal fash ion Pop per responds:
“This shows that we can com mu ni cate un as sail ably and def i nitely true
thoughts by way of prop o si tions which are ad mit tedly non sen si cal, and
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that we can solve prob lems fi nally by pro pound ing non sense.” The im pli -
ca tion is that “[i]t means that all the meta phys i cal non sense against which
Ba con, Hume, Kant and Rus sell have fought for cen tu ries may now com -
fort ably set tle down, and even frankly ad mit that it is non sense. For we
now have a new kind of non sense at our dis posal, non sense that com mu ni -
cates thoughts whose truth is un as sail able and de fin i tive; in other words,
deeply sig nif i cant non sense” (cf. 1966-II:297)!

Pop per asks him self how one can op pose this po si tion of Wittgenstein.
Ev ery pos si ble ob jec tion against it, af ter all, is philo soph i cal in na ture and 
there fore non sense!

Ac cord ing to Pop per this sim ply con sti tutes a for ti fied dog ma tism:

All that is re quired, is to de limit the con cept sense (or: mean ing) in an ap -
pro pri ately nar row way so as to rid one self of all awk ward ques tions sim -
ply by say ing that one does not find them mean ing ful. Ev ery rea soned ob -
jec tion to this con cep tion of mean ing is sim ply re jected as non sen si cal:
Once en throned, the dogma of mean ing is for ever raised above the pos si -
bil ity of at tack. It is un as sail able and de fin i tive (1966-II:297).

This mean ing-con cep tion of Wittgenstein, with its in cluded de lim i ta tion
of sci ence, is just as un ten a ble as the “ver i fi ca tion prin ci ple” of neo-pos i -
tiv ism. The term “log i cal pos i tiv ism” (or log i cal em pir i cism) was brought
into be ing to re fer to a group of phi los o phers, lo gi cians and math e ma ti -
cians who be came known in Vi enna as “der Wiener Kreis.” The move -
ment orig i nally cen tered around Moritz Schlick, with philo soph i cally ori -
ented mem bers such as Carnap, Neurath, Feigl, Waismann, Zilsel and
Kraft, as well as nat u ral sci en tific and math e mat i cally ori ented mem bers
like Frank, Menger, Gödel and Hahn. Carnap, Neurath and Hahn in 1929
pub lished a man i festo en ti tled “Wissenschaftliche Weltauffassung, Der
Wiener Kreis.” In this cir cle Wittgenstein’s Tractatus was also dis cussed
and from it (cf. 4.024) they bor rowed their fa mous ver i fi ca tion prin ci ple:
the mean ing of a state ment lies in the man ner by which it is ver i fied.

In his Lan guage, Truth and Logic (1936) A.J. Ayer ex plains that fac tual
as ser tions are sub ject to the fol low ing cri te rion of ver i fi ca tion: a sen tence
is mean ing ful for any spe cific per son if and only if that per son knows
which per cep tions would lead him (un der cer tain con di tions) to ac cept the 
prop o si tion as true or to re ject them as false (1967:35). A closer anal y sis
causes Ayer to dis tin guish be tween a strong and a weak sense of ver i fi ca -
tion. A prop o si tion is ver i fi able in the first sense, if and only if the truth
thereof can be con clu sively de ter mined in ex pe ri ence. A prop o si tion is
ver i fi able in the lat ter sense if it is pos si ble to ren der the ex pe ri ence prob -
a ble (1967:36-38). Ayer fully re al izes that gen eral for mu la tions of laws
can not be con clu sively ver i fied – in con se quence he has to ac cept ver i fi -
ca tion in the weak sense. In a later pref ace (1946) he is none the less of the
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opin ion that there ex ists a class of em pir i cal prop o si tions which are con -
clu sively ver i fi able. These are the ba sic prop o si tions which re fers ex clu -
sively to the con tent of a sin gle ex pe ri ence and which can be iden ti fied as
unique. Ayer is con vinced that he has elim i nated all meta phys ics by
means of this ver i fi ca tion-cri te rion.

The newer the ory of sci ence of the past 40 years has re al ized, due to the
in flu ence of Pop per, Toulmin, Polanyi (orig i nally a chem ist) and es pe -
cially Thomas Kuhn (phys i cist) that even phys ics is in ev i ta bly gripped by
a the o ret i cal pic ture of re al ity (par a digm) and that it is pos si ble to speak
mean ing fully of an ul ti mate com mit ment in ev ery sci en tific ac tiv ity – a
cen tral con vic tion out of which the sci en tist ac counts for the deep est fun -
da men tal ques tions of do ing sci ence. This re al iza tion came about partly
be cause of the non-verifiability of the (neo-posi tiv ist) ver i fi ca tion prin ci -
ple.

5.2.2 Popper's ‘critical rationalism’

As an al ter na tive to (neo-)pos i tiv ism Pop per de fends a crit i cal ra tio nal -
ism. Pop per ex plains that the choice he had to make does not concern
“sim ply an in tel lec tual af fair” be cause it is “a moral de ci sion” (1966-II:
232). If only that which can be de fended by “means of ar gu ment or ex pe -
ri ence” is con sid ered to be ac cept able” then we have an un crit i cal or com -
pre hen sive ra tio nal ism. This boils down to “the prin ci ple that any as -
sump tion which can not be sup ported ei ther by ar gu ment or by ex pe ri ence
is to be dis carded” (Pop per, 1966-II:230). Ac cord ing to Pop per this kind
of ra tio nal ism is de mon stra bly in con sis tent:

Now it is easy to see that this prin ci ple of an un crit i cal ra tio nal ism is in -
con sis tent for since it can not, in its turn, be sup ported by ar gu ment or by
ex pe ri ence, it im plies that it should it self be dis carded. (It is anal o gous to
the par a dox of the liar, i.e. to a sen tence which as serts its own fal sity.)
Un crit i cal ra tio nal ism is there fore log i cally un ten a ble; and since a purely
log i cal ar gu ment can show this, un crit i cal ra tio nal ism can be de feated by
its own cho sen weapon, ar gu ment (Pop per, 1966-II:230).

Pop per pro ceeds by gen er al iz ing this crit i cism. He says that since “all ar -
gu ment must pro ceed from as sump tions, it is plainly im pos si ble to de -
mand that all as sump tions should be based on ar gu ment” (Pop per,
1966-II:230). He ex plic itly re jects the de mand raised by many phi los o -
phers, namely that we should start with out any assumptions whatsoever.

In an tic i pa tion of Gadamer's crit i cism of Enlightenment, man i fested in its
prej u dice against prej u dice,1 Pop per shows that the “as sump tion” be hind

Popper and the Achil les' heel of positivism

7

1 “The over co ming of all pre ju di ces, this glo bal de mand of the Enlighten ment, will it self 
pro ve to be a pre ju di ce, and re mo ving it opens the way to an ap propri a te un der stan ding 



the re jec tion of all as sump tions should  be recognized:

For they them selves rest upon the truly co los sal as sump tion that it is pos -
si ble to start with out, or with only a few as sump tions, and still to ob tain
re sults that are worth while. (In deed, this prin ci ple of avoid ing all pre sup -
po si tions is not, as some may think, a coun sel of per fec tion, but a form of
the par a dox of the liar) (Pop per, 1966-II:230).

Since nei ther log i cal ar gu ment nor ex pe ri ence can es tab lish the ra tio nal ist 
at ti tude, Pop per opts for a dif fer ent stance: that of crit i cal ra tio nal ism. He 
first of all points out that

who ever adopts the ra tio nal ist at ti tude does so be cause he has adopted,
con sciously or un con sciously, some pro posal, or de ci sion, or be lief, or be -
hav iour; an adop tion which may be called ‘ir ra tio nal’. Whether this adop -
tion is ten ta tive or leads to a set tled habit, we may de scribe it as an ir ra tio -
nal faith in rea son. So ra tio nal ism is nec es sar ily far from com pre hen sive
or self-con tained. This has fre quently been over looked by ra tio nal ists who 
thus ex posed them selves to a beat ing in their own field and by their own
fa vour ite weapon when ever an irrationalist took the trou ble to turn it
against them. And in deed it did not es cape the at ten tion of some en e mies
of ra tio nal ism that one can al ways re fuse to ac cept ar gu ments, ei ther all
ar gu ments or those of a cer tain kind; and that such an at ti tude can be car -
ried through with out be com ing log i cally in con sis tent. This led them to see 
that the un crit i cal ra tio nal ist who be lieves that ra tio nal ism is self-con -
tained and can be es tab lished by ar gu ment must be wrong. Irrationalism is 
log i cally su pe rior to un crit i cal ra tio nal ism (Pop per, 1966-II:231).

This view of Pop per in deed re sounds not only in the think ing of Ga -
damer, but also in the works of an other prom i nent phi los o pher of 
 science, Wolfgang Stegmüller. In re ac tion to the men tioned at tempt of
Kant to remove sci ence in or der to make room for be lief, Stegmüller says:

One does not have to re strict knowl edge in or der to make room for faith.
Much rather one al ready has to be lieve in some thing to be able to speak
about know ing and sci ence at all.1

This in sight should be con nected to the na ture of ev i dence. Stegmüller ar -
gues that one can be lieve in ev i dence or that one can not be lieve in it, but
this be lief or un be lief is not ca pa ble of ac quiring a more ba sic foun da tion. 
It is a pri mor dial de ci sion pre ced ing all ra tio nal ity. It has to be taken in
ev ery sin gle case where some thing has to be known.2
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zu können” – Stegmüller, 1969:33.

2 “An Ein sicht kann man glau ben oder nicht glau ben, mann kann die sen Glau ben oder
Unglau ben aber nicht wei ter begründen, ... Es ist eine 'vor ra ti o na le Urent schei dung',
die hier ge trof fen wer den muss, und zwar in je den ein zel nen Fal le, wo et was aner kannt 



Sim i larly, in har mony with Pop per's ac knowl edge ment that the con fi -
dence in the ra tio nal ity of hu man think ing in it self is not ra tio nal,
Stegmüller points out that within no sin gle do main of know ing think ing
can lay claim of a self-as sur ance:

some where an ul ti mate know ing must be given; with out that we could not 
even start1 ... We should al ready ‘dis pose of’ an ab so lute ev i dence. i.e. we 
have to be lieve in it in ad vance,2 ... in sci ence be liev ing is found, in re li -
gion one knows (or: pre tends to know).3

This en larged ap proach cre ated room for the con vic tion that the range of
sci ence should not be nar rowly re duced to (the meth ods of) math e mat ics,
phys ics and logic (as the mod ern nat u ral sci ence-ideal claims) – it in deed 
en com passes all of re al ity.

6. The Achilles' heel of positivism

Pop per dis cusses uni ver sal ity first of all with ref er ence to what he calls
strict and nu mer i cal uni ver sal ity (1968:62 ff.). It is clear to Pop per that
the uni ver sal ity of nat u ral laws pre cludes any at tempt to as cer tain em pir i -
cally ev ery sin gle event to which the law might ap ply:

For the ver i fi ca tion of a nat u ral law could only be car ried out by em pir i cally as cer -
tain ing ev ery sin gle event to which the law might ap ply, and by find ing that ev ery
such event ac tu ally con forms to the law – clearly an im pos si ble task (Pop per,
1968:63).

The other side of the coin is that Pop per does not con sider it to be mean -
ing ful to es tab lish a di rect con fron ta tion be tween state ments and ob ser va -
tions. He re al izes that hu man ob ser va tion is al ready in ter twined with con -
cep tual el e ments.

The psy chol o gist bias poses the ques tion “how could we ever reach any
knowl edge of facts if not through sense-per cep tion?” (Pop per, 1968:94).
What ever we know about the “world of facts must there fore be ex press -
ible in the form of state ments about our ex pe ri ences” (Pop per, 1968:94).
Pop per then ar gues that this doc trine “found ers” in his “opin ion on the
prob lems of in duc tion and of uni ver sals”  (Pop per, 1968:94).

It is note wor thy that Bernays in tro duces the con vic tion that the “proper
char ac ter is tic of ra tio nal ity” is “to be found in the con cep tual el e ment”
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wer den soll” (Stegmüller, 1969:169).

1 “Irgen dein ab so lu tes Wis sen muß es ge ben; ohne die ses könnten wir über haupt nicht
be gin nen” (1969:194).

2 “Abso lu te Evi denz müssen wir schon ‘haben’, d.h. wir müssen an sie be reits glau ben,
...” (1969:194)

3 “... in der Wis sen schaft wird ge glaubt, in der Re li gi on weiss man (oder: be haup tet man, 
zu wis sen)” (1969:212).



(1974:601). On this ba sis he sup ports Pop per in the lat ter's em pha sis on
the pres ence of con cep tual el e ments in ob ser va tion:

All em pir i cal in ves ti ga tions of na ture are based on this fun da men -
tal stock of con cepts con tained in our back ground knowl edge.
Pop per has re peat edly stressed the cir cum stance that the state ments 
which we or di narily re gard as sim ply ob ser va tional al ready pre -
sup pose this con cep tual ba sis, so that in a proper sense we can not
say that nat u ral sci ence starts from ob ser va tions (Bernays, 1974:
602).

Un for tu nately, in his sub se quent dis cus sion of uni ver sal ity, Pop per does
not dis tin guish be tween the uni ver sal ity of prop er ties and the uni ver sal ity 
of en ti ties. This dis tinc tion is par tic u larly use ful when it co mes to a crit i -
cism of the con cep tual untenability of pos i tiv ism.

Let us ex plore this is sue in some more de tail. In or der to high light the
lim i ta tions of the senses in the ac qui si tion of knowl edge, we con sider the
con cept of mat ter in terms of some of its main con cep tual trans for ma -
tions.

We have re ferred to the fact that the Py thag o re ans ad hered to one state -
ment above all else: ev ery thing is num ber. Af ter the dis cov ery of ir ra tio -
nal num bers – re veal ing within the seem ingly form-giv ing and de lim it ing
func tion of num ber some thing form less – Greek math e mat ics as a whole
was trans formed into a spa tial mode (the geometrization af ter the ini tial
arithmetiza tion). As a con se quence ma te rial en ti ties were no lon ger de -
scribed purely in ar ith met i cal terms. The as pect of space now pro vided
the nec es sary terms re quired to char ac ter ize ma te rial en ti ties. This spa tial
an gle of ap proach re mained in force un til the rise of mod ern phi los o phy,
since phi los o phers like Des cartes (1596-1650) and Kant (1724-1804) still
saw the ‘es sence’ of ma te rial things in their ex ten sion.

Par tic u larly through the work done by Ga li leo and New ton the main ten -
dency of clas si cal phys ics even tu ally un der went a shift in per spec tive by
at tempt ing to de scribe all phys i cal phe nom ena ex clu sively in terms of
(kinematical) mo tion.1 Writ ing about the foun da tions of phys ics, Da vid
Hilbert2 re fers to the mech a nis tic ideal of unity in phys ics but im me di ately 
adds the re mark that we now fi nally have to free us from this un ten a ble
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1 The Bri tish phi lo sop her, Tho mas Hob bes (1588-1679), was fa mi li ar with the mecha -
nics of Ga li leo enab ling him – as op po sed to Des car tes – to em ploy the ba sic con cept
mo ving body as de scrip ti ve tool.

2 Per haps the gre a test ma the ma ti ci an of the 20th cen tu ry.



ideal (cf. Hilbert, 1970:258).1

Since the in tro duc tion of the atom the ory of Niels Bohr in 1913, and ac tu -
ally since the dis cov ery of ra dio-ac tiv ity in 1896 and the dis cov ery of the
en ergy quan tum h,2 mod ern phys ics re al ized that mat ter is in deed char ac -
ter ized by phys i cal en ergy op er a tion – the phys i cal as pect of re al ity must
there fore be seen as the qual i fy ing func tion of mat ter, stamp ing phys i cal
en ti ties in their en ergy-operation.

This brief sketch of the gen e sis and growth of the con cept of mat ter il lus -
trates in which way dif fer ent (modal/as pec tual) prop erty-terms served to
char ac ter ize mat ter – start ing with the per spec tive of num ber and then
pro ceed ing to the as pect of space, the kinematical as pect and even tu ally
the phys i cal as pect of re al ity.

What is im por tant to re al ize is that the de scrip tion of mat ter was de ci -
sively de pend ant upon a par tic u lar the o ret i cal view of re al ity (Kuhn
would have used the ex pres sion par a digm or dis ci plin ary ma trix) which
is en tailed in the pref er ence which is as signed to spe cific prop erty-terms.
Is it pos si ble to ac count for this foun da tional choice in an em pir i cal way?
Is it pos si ble to per ceive the nu mer i cal as pect? Can we weigh the spa tial
as pect? Can we de ter mine the vol ume of the kinematical as pect? Can we
‘mea sure’ the ‘dis tance’ be tween the spa tial as pect and the phys i cal as -
pect?

The ob vi ous ab sur dity of these ques tions not only il lus trates the unten -
ability of the positivistic faith in facts, but at once points at a cru cial dis -
tinc tion im plic itly op er a tive through out the his tory of the spe cial sci ences, 
namely the dis tinc tion be tween as pects and en ti ties. These as pects en able
our schol arly re flec tion to es tab lish a uni ver sal co her ence be tween dif fer -
ent kinds of en ti ties – just think about the (un spec i fied) uni ver sal scope of 
the fun da men tal laws of ther mo dy nam ics (which hold for all pos si ble
phys i cal en ti ties). In gen eral at this level an im plicit choice of sci en tific
con vic tions cause a di ver gence be tween spe cial sci en tists. The ques tion
con cern ing the re la tion ship and co her ence be tween the dif fer ent as pects
of re al ity (in terms of which we can de scribe any thing) sim ply can not be
set tled with the aid of the positivistic method of (em pir i cal) per cep tion
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1 It is the re fo re strange that the con tem po ra ry phy si cal scien tist from Cam brid ge, Step -
hen Haw king, still wri tes: “The even tu al goal of scien ce is to pro vi de a sing le the o ry
that des cri bes the who le uni ver se” (1987:10).

2 In or der to ac count for the dis cre te na tu re of the omis si on or ab sorbti on of ener gy,
Planck pos tu la ted that ra di ant ener gy is quan ti zed, pro por ti o nal to the fre quen cy v in
the for mu la E = hnv – whe re n is an in te ger, v the fre quen cy, and h the quan tum of ac ti -
on (Wir kung squan tum) with the va lue 6.624  ́10-34.



and ver i fi ca tion.

Pos i tiv ism did re al ize that we can only dis cover the struc tural na ture and
the laws hold ing for phys i cal en ti ties by in ves ti gat ing the law ful ness
(law- con for mity) they evince. How ever, pre cisely the dif fer ence be tween
the uni ver sal ity of a law and the unique in stances em pir i cally tested in ex -
per i men tal set tings once again un veils the untenability of a positivistic
po si tion. A lim ited num ber of ex per i men tal in stances could never war rant 
the claim of uni ver sal ity con tained in law state ments.

In its ma te ri al is tic vari ant pos i tiv ism re veals even fur ther in con sis ten cies.
Let us look at the typ i cal claim that mat ter is all there is: at oms, mol e -
cules, and macro-mol e cules in in ter ac tion. This state ment claims that
there is noth ing be yond mat ter – but what about the state ment mak ing this 
claim!? Is it true? If so, then there is some thing im ma te rial (truth). And
what about the nat u ral laws hold ing for ma te rial things? They con di tion
be ing ma te rial but are not them selves ma te rial! Thus both with re spect to
the truth-value and the uni ver sal va lid ity of nat u ral laws the ba sic claim
of positivistic ma te ri al ism is self-de feat ing!

Pop per did not make this dis tinc tion be tween modal and typ i cal laws.
Mak ing this dis tinc tion en tails the ac knowl edge ment that dif fer ently
struc tured en ti ties all func tion within uni ver sal modal as pects of re al ity
(ei ther as sub jects or as ob jects). There fore, whereas modal laws are
given for all kinds of sub jects, typ i cal entitary laws are only given for a
lim ited class of sub jects. Typ i cal laws al ways spec ify (but never: in di vid u -
al ize) the uni ver sal modal laws – for ex am ple, ther mo dy nam ics, as a
purely modal phys i cal the ory, ab stracts from the typ i cal dif fer ences be -
tween the solid state, the fluid state, and the gas eous state. Dis cuss ing the
na ture of an a pri ori syn thetic el e ment in the “em pir i cal sci ences,”
Stegmüller raised the fol low ing pos si bil ity (1969a: 316):

Surely, this can not im ply that the to tal ity of law-state ments pres ent in a
nat u ral sci ence could be of an a pri ori na ture. Much rather, such an
apriorism should limit it self to the con struc tion of a lim ited num ber of a
pri ori valid law re la tion ships, while, fur ther more, all more spe cific laws of 
na ture should be de pend ent on em pir i cal test ing.

In fact this dis tinc tion is al ready pres ent in the thought of Kant, who dis -
tin guished be tween his (sup pos edly uni ver sally valid a pri ori) thought
cat e go ries on the one hand and so-called em pir i cal laws of na ture on the
other hand:

We rather have to dis tin guish em pir i cal laws of na ture, which al ways pre -
sup pose par tic u lar per cep tions, from the pure or gen eral nat u ral laws,
which, with out hav ing a foun da tion in par tic u lar per cep tions, only con tain 
the con di tions of their nec es sary con nec tion in an ex pe ri ence. In re spect
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of the lat ter na ture and pos si ble ex pe ri ence are en tirely the same; and
since within these the law-con for mity of the nec es sary con nec tion of ap -
pear ances in an ex pe ri ence (with out which we are to tally in ca pa ble of
know ing any ob ject of the world of the sense), ac tu ally is based upon the
orig i nal laws of the un der stand ing, so it ini tially does sound strange, but it 
is none the less cer tain, when I state with re spect to the lat ter: un der stand -
ing cre ates its laws (a pri ori) not out of na ture, but pre scribes them to na -
ture (1783 par.36:320).1

Keep ing in mind that we must dis tin guish laws in an ontical sense from
our hy po thet i cal law state ments in sci en tific for mu la tions, it is still re -
mark able to note the sim i lar ity be tween the afore men tioned state ment of
Stegmüller and the fol low ing ex pla na tion of Stafleu (re lated to the dis -
tinc tion be tween modal laws and typ i cal laws):

Whereas typ i cal laws can usu ally be found by in duc tion and gen er al iza -
tion of em pir i cal facts or lower level law state ments, modal laws are
found by ab strac tion. Eu clid ean ge om e try, Ga li leo’s dis cov ery of the laws 
of mo tion . . ., and ther mo dy namic laws are all ex am ples of laws found by 
ab strac tion. This state of af fairs is re flected in the use of the term “ra tio nal 
me chan ics”, in dis tinc tion from ex per i men tal phys ics (Stafleu, 1980:11).

Whereas Kant ought to re ceive credit for hav ing wres tled with the di men -
sion of modal uni ver sal ity – in his search for the syn thetic a pri ori (cf.
Strauss, 2000) – pos i tiv ism and neo-pos i tiv ism ought to be ac knowl edged 
for their em pha sis on ex per i men tal test ing (not the same as: verification!). 
Only through study ing the or der li ness or law-con for mity of en ti ties is it
pos si ble to ar rive at an un der stand ing of the type laws hold ing for that
lim ited class of en ti ties con form ing to their pe cu liar type laws. In the case 
of phys ics it re quires em pir i cal re search through ex per i men ta tion. Of
course this does not free phys ics from an over arch ing and un der ly ing par -
a digm (the o ret i cal per spec tive) in which modal prop er ties are also ac -
counted for. Some times this di men sion of the ory for ma tion is im plic itly
ac knowl edged when ref er ence is made to the o ret i cal terms which can not
di rectly be tested against ac tual ex pe ri ences.

7. Concluding remark

Pop per ac cepted a plea of be ing guilty to the ac cu sa tion that he “killed”
pos i tiv ism (1974-I:69 ff.). His con sid er ations with re gard to uni ver sal ity
and the prob lem of in duc tion could have been strength ened if he would
have been able to con sider the implications of what we have called
modal/as pec tual uni ver sal ity.

The way in which Stegmüller trans formed Kuhn's thought on the ba sis of
Sneed's the ory of math e mat i cal phys ics co mes much closer to an ac tual
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ac knowl edge ment of modal uni ver sal ity. Ac cord ing to him, what would
ap pear to be unique and un prec e dented in Kuhn’s work,

is the fact that he ap pears to im pute ir ra tio nal be hav ior to the prac ti tio ners 
of the ex act nat u ral sci ences (of all peo ple!). And in deed he ap pears to im -
pute it to both of the forms of the sci en tific prac tice dis tin guished by him.
Any one en gaged in nor mal sci ence is a nar row-minded dog ma tist cling ing 
un crit i cally to his the ory. Those en gaged in ex traor di nary re search lead ing 
to sci en tific rev o lu tions are re li gious fa nat ics un der the spell of con ver -
sion, try ing by all means of per sua sion and pro pa ganda to con vert oth ers
to the new par a digm as re vealed to them selves (1976, p.vii).

Not only do the nat u ral sci en tists work in an ir ra tio nal man ner – ac cord -
ing to the crit ics of Kuhn it would ap pear as if he is also a pro po nent of
the non-in duc tive na ture of the nat u ral sci ences.

A com par i son be tween four prominent fig ures pro vides the fol low ing pic -
ture:

(1) Hume: the na tu ral scien ces pro ceed in duc ti ve ly and non-ra ti o nal ly;

(2) Carn ap: the na tu ral scien ces pro ceed in duc ti ve ly and ra ti o nal ly;

(3) Pop per: the na tu ral scien ces pro ceed non-in duc ti ve ly and ra ti o nal ly;

(4) Kuhn: the na tu ral scien ces pro ceed non-in duc ti ve ly and non-ra ti o -
nal ly; (cf. Stegmüller, 1975:487-490).

It will take us too far to ex plore in more de tail the way in which
Stegmüller ac counts for a three fold im mu nity of the o ries against pos si ble
fal si fi ca tions. It will be suf fi cient to say that the so-called struc tural nu -
cleus of a the ory, which re mains un touched when hy po thet i cal ex ten sions 
of it are chal lenged with fal si fi ca tion, op er ates on the level of modal uni -
ver sal ity. Only those sci en tists who suc ceed in erect ing new struc tural nu -
clei are in volved in ex traor di nary re search. Nor mal sci en tists merely ex -
plore the struc tural nu cleus of a the ory by work ing on hy po thet i cal ex ten -
sions of it.

It turns out that Pop per is mainly fo cused on ab nor mal sci ence, whereas
Stegmüller is of the opin ion that the pro cesses of rig or ous test ing and
con fir ma tion or fal si fi ca tion ac tu ally typ i cally be long to nor mal sci ence.
If the nor mal sci en tist is sub jected to the norm to be con stantly in volved
in the change of the struc tural nu cleus of the o ries, it would en tail an in hu -
man chal lenge to the av er age sci en tist: “Be come a New ton or an Ein -
stein!” He re marks:

In so far as this maxim is di rected to wards ‘nor mal sci en tists’, who are in
their do main of work con stantly in volved in so ber and pro duc tive la bour
and who are also by far the ma jor ity of sci en tists, it is grue some and in hu -
man. It im plies that the as sess ment of ev ery schol arly com pe tence is made 
de pend ent upon the ex tent to which it con forms to this de mand and that
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with it a dev as tat ing value-judg ment is passed upon prac ti cally all sci en -
tists (Stegmüller, 1980/I:52).
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