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Are Functional Laws Universal Generalizations? 

l. THE FORM O F fUNCTIONAL LAws 

Scientific laws, it is claimed, 
cannot be verified on account of (the 
problem of) induction; and cannot 
be falsified because of Duhemian 
holism. It follows that the laws are 
metaphysical in Karl Popper's 
celebrated sense of the term. This 
(il)logic of science roots itself in an 
ubiquitous assumption that has 
survived all vicissitudes in the 
philosophy of science, viz. that the 
form of scientific law is universal 
generalization. It is within the 
co~text of this first-order predicate 
log1c that the Scylla of induction and 
the Charybdis of holism rear their 
ugly heads. 

Is the presumption justified? Laws 
in mathematical physics which state 
functional dependencies do not 
seem to betray this log1·c C 'd · Onsl er 
the se~oQd and third laws. of 
Newtontan mechanics: Put bald! 
these state respectively that •c .Y . 10rce ts 
proportional to acceleration • or that 
'f==ma'; and that 'v1 is proportional 
to--v ~' o r t h a t ' m 1 v = m v • 1 

1 2 2 • n 
themselves, these are statements of 
a· relation of mathematical propor­
tionality between properties-with 
no (essential) reference to bodies, or 
the predication of properties to such 
bodies; and the law-likeness of the 
statements subsists precisely in this 
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relation of proportionali ty between 
properties, and no t in the univers­
ality of ascriptio n of the properties 
to any kind of body. Th e p redication 
comes la ter. Obj ections might be 
raised here. 'F = rna' fo r example, 
could be construed as reading 'For 
all bodies, the force on the body is 
equal to mass times th e accele ration 
of th e body', wh ich makes the law 
look as if it concerns physical bodies. 
But to realize that th is is not really 
so, we have only to compare it with a 
genuine universal generalization like 
'All emeralds are green '. T his says 
that all emeralds anywh ere anytime 
are green. Or again that all bodies 
of a certain kind (i.e. emeralds) are 
uncondi tionall y green. Whereas 
'f=ma' is to be interpreted as 
asserting that for all bodies of any 
kind the force is equal to mass times 
the acceleration, only if there are no 
perturbing conditions, i.e. 'f=rna' 
holds for all kinds of bodies, but only 
conditionally. Hence the law-likeness 
of 'f=ma' cannot reside in its 
universality of occurrence. The 
universali ty signaled by the 'all ' 
pertains only to the generality of 
application of the law viz. to all kinds 
of bodies; whereas the law-likeness 
of the law resides in the relation of 
proportionality between the 
properties of force, mass and 
acceleration; a relationship which 
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holds only conditionally, i.e. in the 
absence of perturbing conditions. 

II. I MPLICATIONS OF HOLISM FOR 

VERIFICATION 

The testing of laws of fun ctional 
dependencies involves measurement 
and calculation. Instruments there­
fore, are an indispensable part of the 
experimental set-ups designed to test 
functional laws. The really interest­
ing aspect of this Duhernian situation 
is that instruments measure by exem­
plifying some fun ctional law/s ; so 
that, as Duhem 1 pointed out a long 
while ago, if the expe rim ent fa ils, 
b lam e may be apponioned to the 
laws of th e instrument/ s, instead of 
being directed at th e theory under 
tes t. But what if the experime nt 
succeeds? A successfu l experiment 
presupposes successfu lly functioning 
instrumen ts; and what is it for an 
instrument to function successfully 
but to exemplify the laws/ principle 
of its construction; and what is it for 
a n exp e riment to succeed but to 
exemplify the laws under test? The 
point of Duhemian holism, I think, 
is not just that fun ctional laws can 
only be tested together, but more 
importantly that (sets of) such laws 
can only succee d toge the r. 
Duhemian holism which is a hydra­
headed Gorgon in the contex t of 



falsification ism , leaves unscathed the 
successful co n text of a verifying 
experiment. 

But d o successful experiments 
verify (a se t of) functional laws? If 
functional laws we re universal 
generalizations, no number would . 
But for func tional law what counts 
as ver if ication is just that th e 
(measure d) results of a particular 
expe rime nt tally with those of 
(theoretical) calculation . What such 
as result establishes of course is that 
th e rela tio nships of mathematical 
proportionality sti pulated by theory 
are sa ti s fied in th e p a rticu lar 
case; but since the law-liken ess of 
functional laws subsists precisely in 
this (cl a im of) sys tematic inter­
relatedness of properties, and not in 
the u niversality of th eir co-occurr­
ence; if the relationships are satisfied 
in the parti cular instance, then the 
d emands of laws-likeness are fully 
met. It is the particular experi~Jent 
the refore, a n d indeed o nly a 
particular ex peri men tat a time, that 
can verify a se t of fun ctional laws. 
This is in stark con tr ast to the 
ver ifi catio n o f universal laws, 
prec isely because th e law-like ness 
of unive rsal laws pertains to th e 
universali ty of co-occurrence of 
properties; so that what is verified in 
single experi ments is not so much 
the laws, as that the laws hold in the 
p articular case. Bu t (it cannot be 
suffic iently emph asized) for fun­
ctional laws, law likeness subsists in 
the r ela tionsh ip of mathematical 
proportionali ty between properties 
and not in the universality of their 
co-occurrence; relationships which if 
they h old , wield the material context 
wherein they are exemplified, into a 
systemic whole. Successful experi­
men ts constitute physical systems 
gove rned by mathematical laws. 
Functional laws therefore, are 
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systemic and structural in a way that 
universal laws are not. 

III . PREDICfiON AND CONFIRMATION 

IN FuNcriONAL (LAw) CoNTEXTS 

Where does this leave prediction? 
Hempel's2 D-N model and Popper's3 

H-D model, both embedded in the 
trad itional log ic of the square of 
opposition , assu·ne the symmetry of 
explana tion and prediction. Present 
and past cases are explained ,and 
fu ture instances predicted. But 
functional laws predict not (cases of) 
fresh instances, but future behaviour 
of th e same tried and tested system/ 
s. If the laws hold in the particular 
case, it constitutes a system; and if 
the system continues to hold, then 
give n values of some variables, other 
valu es may be computed (predict­
ed ). And no one would pre tend that 
physical systems hold forever. Hence 
the claim of functional law-likeness 
is j us t not the claim of unive rsal 
Jaw-liken ess viz. that the laws hold 
everywhere, every time. Since 
predic tion for funttional laws is 
rela tive to a physical system, its scope 
extends just to th e life of such 
systems. In general we have thumb­
rules for calcu lating the life-spans of 
d ifferent physical systems; and in any 
case, every physical system has but a 
fin ite li fe span. This renders the 
calculation of probabilities >0r fun­
ctional Jaws with respect to finite 
reference-frames; a situation in stark 
co ntrast to th e calculation of 
probabi li ties for universal laws. 
Confirmation then , for functional 
Jaws would consist in the probability 
of a particular physical system, for 
which the laws have been verified as 
currently holding, continuing to 
hold ove r a finite life-span to be 
esi.imated on the basis of thumb­
rules . The computation of such 
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probabilities would, of course, have 
to be relative to the (projected) 
p articular conditions or context in 
which the physiCal system has to 
operate; hence probabilities for the 
same se.\. of laws and for the same 
system would vary from context to 
context, rendering the confirmation 
of functional laws a concept for the 
pragmatics, rather than of the logic 
of science. It is verification which 
remains the central logical concept. 

IV. SEMANTIC IMPLICATIONS: 

QUANTITATIVE VS. QUALITATIVE 

CONCEPTS 

If the verification, prediction, 
probability and confirmation of 
functional laws is relative to the 
context of a particular physical 
system , so is predication when it 
comes. Thus it is for a Newtonian 
system and no t for all bodies as such 
that we may predicate 'inertia is .. .', 
'force is .... ' etc. Does this sneak in 
universality through the back door? 
The answer to this question leads 
directly to the semantics of 
the situation. A statement like 'A 
Newtonian system is . .. · Is defin­
itioniil, but it is not conventional. 
This is because theoretical terms like 
'Newtonian system' which define 
physical systems, have for their 
principle of apolication, sets of 
functionalla; . ..., which are not me~ely 
testable but verifiable. On the other 
hand, terms both scientific and nbn­
scientific, which are defined in terms 
of essen tial properties, have for their 
principle of application, universal 
laws which are neither verifiable 
nor falsifiable. This renders the 
application of systemic terms 
empirical in a way that other terms 
are not. Philosophers of science like 
Feyeraband'' however, have been 
quick to poin t out that the term's of 



the functional laws themselves, are 
vulnerable in exactly the same way 
that the non-systemic terms are. T hey 
emphasize that terms like ' force' and 
'mass' are theoretically defined, and 
what is worse, viciously defin ed , in 
terms of the very theory which serves 
to introduce them, leading it is 
claimed, to theory d epen dence, 
relativism and incommensu rabili ty. 

The way out of the imbroglio 
consists in noticing the following: 
Firstly the distinction between 
statements of 'essential' properties 
and structural laws, is best under­
s to od in terms of the logical 
distinction between universal state­
ments and functional statements. 
Statements about essential proper­
ties have the form 'All things of 
a ce rtain kind have (esse ntially) 
properties xyz .. . ' Functional laws on 
the o ther hand , state relationships of 
proportionality between properties 
of the system . Testing of the universal 
law would involve testing singular 
statements of the form, 'an entity has 
properties xyz . . . ' and hence having 
to pick out an e ntity and to describe 
iL T he testing of universal laws is thus 
embedded in the logic of reference 
and predica tion , within which all 
seman tic discussions of scientific laws 
are conducted. T i does not seem to 
me that .functional laws exemplify 
this log1c. Fo r example in the 
statements 'f=ma', the term 'force' 
performs ne ithe r the job of 
reference nor of predication. Rather 
its job seems to be to indicate the 
systemic property to be measured/ 
calculated, and h ow i.e . by what 
measuring device th is might 
be done. Of course (the a ct of) 
measuremem presup poses ( the act 
of) reference, for properties must be 
picked out in order to be measured. 
But such identification is not th e 
function of'force' as a term of theory 
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(as mani fes te d for example, in 
Newton 's second law). We may th ere­
fore , fo llowing Kuhn 5 d isting uish 
between th e qualitative concept and 
the qua n titative concept of, fo r 
exam p le 'force'. T h e qua li tative 
concept is modified by the first law. 
But the quan ti ta tive concep t is 
introduced by the second law (or by 
Newton 's gravitational law). This way 
of pu tting th e m a tte r , d oes n o t 
however, quite distinguish between 
the notion s of a q uali tative con cept 
and th e corresponding quanti tative 
one. It cann o t b e su fficien tly 
emphas ized th at th e se m a nti c 
fun ction of th e qualita tive concept 
would be to pick out a 'force' by its 
essential p rope rties , wh e th e r 
superficial or underlying; whereas 
the job of th e corresp o nding 
q uantitative conce pt is to indicate 
how the fo rce/s thus picked out may 
be measured/calcu lated . T h us as 
Kuhn[5) points ou t the term 'force' 
is introduced in Newtonian theory 
by means of th e spring-balan ce . 
Obviously 'force' neither refers to 
the spring-balance nor describes it. 
Instead the point of the spring­
balance is to indicate h ow force/s 
may be measured. It would seem 
therefore, that quantitative concepts 
encompass neither reference nor 
predication, he nce they cannot be 
adumbrated in terms of th ese 
standard notions of trad itional 
seman tics; nor the refore are th ey 
subject to the travails there~f. The 
conclusion we may draw ts that 
theories wh ich share the same 
qualitative concepts are not 
incommensurable e ither as regards 
meaning or as regards reference. 

Further, to maintain of two 
theories that they differ in respect ~f 
the ir quantitative conce pts, I S 

tantamount to saying that the 
systemic properties or variables of 
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state, are measured diffe rently, i.e. 
by the use of differen t measuring 
in str uments. Just wh a t d oes this 
differen ce in instruments amount to? 
Sin ce instrumen ts measure by 
exemplifying some functional law's, 
a difference in instruments implies 
a d iffe rence in the fu n c tio n a l 
laws in to which th e proper ty to be 
measured enters. Does th is 
d iffe rence in laws render theori es 
incommensurable? Does it, even, 
ren der theories in comp atible? 

V. METAPHYSICAL I MPLICATIONS 

At th is j uncture we may review th e 
me taphysical im plica ti o n s: T o 
reiterate, functional laws are tested 
by measuring instrume n ts wh ich 
measure by exempli fy ing so m e 
(o th e r ) fu nctional Jaws. T he 
resultant experiment, if falsifying is 
a m biguo us; but if su ccessfu l 
vindicates the whole set. Further, a 
successful experimen t verifies the set, 
for the sin gle (successful) 
experimen t exhausts the claims to 
law-likeness of functiona l laws . 
More pertinen tly, the successfu l 
expe ri ment in ver ify ing the se t , 
verif ies that the laws of th e 
instruments are being exem plified , 
so that nothing need be stipulated, 
nothing taken for granted. There is 
no dist inction therefore, in 
experimentation, between the laws 
of the instrumen t and the Jaws un der 
test, excep t perhaps the epistemic 
one of known versus unknown, old 
versus new. Both are equally under 
test, and success imp lies that the 
mathematical interrelationships of 
properties, postulated by the set, are 
being exemplifie d in the particular, 
concrete experiment. It follows that 
the verification of functional laws is 
about successful experime ntation. 
Now a long tradition of post 



modernists from Hacking6 to Latour7 

would h ave it that successful 
experimentation is a ll about 
successful manipulations. Just what 
are the metaphysical implications? 
There are two scenarios here: 
philosophers of science who accept 
an on to logy of actualities wou ld 
argue that since it is the scientists 
who manipulate into existence the 
physical systems which exemplify the 
law-like relationships of properties, 
it follows that Nature has no role to 
play in the creation of what a re 
essentially scientific artifacts. So it is 
humans who create and use science. 
This is the dogma of the closure of 
the lab ora tory to Nature. T h e 
opposing ontology of causal powers 
and potentialities, envisages science 
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as a collaborative enterprise bet­
ween Nature and Man. Sc ien tists 
manipulate the experimen tal con­
ditions for the exemplification of 
law-like relationships; but in doing 
so they only actualize the potential­
ities/ possibilities inherent in Nature. 
On this view, differing (successful) 
experiments, exempli fying varian t 
sets of funct ional laws, realize 
different possibilities in Nature. Are 
then the variant laws/ theories 
incompatible? 
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