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"The fruit of Sciencei, most delectably fair
Did urge all sages, in the days of old,
The solution of our Unknown Cause to snare,
With uncorporeal beauty do we flare;

As all worlds?t first beginning are we heldj
Oour wondrous harmonyi, past all compare,
Charmed Plato, Pythagorasj, and Euclid,
Fillers of the Primordeal Sphere are wej
So perfect is our form that our look did
Unto all bodies the law and Size decree."

Leonardo da Vinci.
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EXPLANATORY LAW IN MECHANISTIC AND STATISTICAL REASONING.

CHAPTER I.

Science And The Particular,
Ie
It is a paradoxical truism that the moment the
attempt is made to bring our practical common sense ex=
- periences under the searchlight of scientific methodology,
they dissolve themselves into dead and artificial abstrace
tions, The paper which I touch and see is for the physi=
cist nathing but a conglomeration of electrical charges,:
interacting with the electrical charges which are called,
in less sophisticated terminology, my psycho=physical ors=
ganism, For the chemist, whose terminology is one step
closer to practical common sense experience, this paper
which I touch and see 1s nothing but a cellulose compoundi,:
composed of certain organic elements, When science ine
trudes, the homely and familiar realm of naive common
sense experiences becomes a sirange and unfamiliar aptie-
fice, The reason for this artificial abstraction is that
scientific methodology can concern itself only with a sube
Jject=matter which is but a tiny crosse-section of our ex=

perience. And, it seems that the smaller this cross-sece
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tion 1s, the more productive and fruitful a scientie
fio methodology booomes,.whoreas the more comprohen;
sive the subjoct;ﬁatter becomes the less it ylelds to
any scientific methodologye TYet it is just the 1n;
oreasing_interost gnd tho more comprehensive p:oblom
of life in its biological, psychological and social as;
peotﬂ&‘which is today foroing'philosophers and soien:
tists to ask themselves the question whether scientia
ric method is solely restricted to the field of physin
cal phenomena or whether there is a scientific method

| applicable to the entire range of human experiencei, -
with a present tendency to advonoo functional explanal

tion as a more adequote method.

In redncing the sensuous or qualitative to 1ts
lowest term--that of figure and motiony, GalileamwuNevq
tonian physics has given us the commonly accepted eris
terion as to what is and what is not a legitimste sub;
Jeot;mntter ro?*soienoe, The only legitimuto suhjeet-
matter for soienee from the traditional ‘mechanistic "
point of view is that which ylelds itself to puroly quun-
titative manipulation and where the pnrticular datum unhe

der investigation can be wholly subsumed under a general
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process of laws But to talk of g‘legit;mape anbject;,
matter,for a scientific investigation is to raise several
questions, Have we any ground for bisecting our world of
experience into a realm which forms the legitimate sub;
Jectematter of scientific investigation and into a realm
which lies entirely outside the confines of any scientlw
fic methodology? Or may we not rather hope to bring une
der the control of scientific methodology the whole of
our experience on the ground that this distinction bg;
tween a legitimate and illegitimate subject;hgtter for
aciénce;is based on a false and erronecus nolion of what
a true scientific methodology is? Do the categories by
which modern physical science has manipulated iis seleo;
ted subject:mattef proceed from the nature of the humen
ﬁndqrgtand;nga'or are they only arbitrary and artificial?
In shorty are we working or trying to work with a system
which falsely dichotomizes our world of experience or is
experience intrinsically of such a nature that it provides
!_S“bﬂ°¢t;§ﬂtt°r which lends itself to scientific investi;

gation and another subject«smatter which does not?

‘The answer to these questions has divided cone

~temporary philosophers and scientists into two groups:
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Those who are hnmbiy satisfied in giving unto Caesar
that which is Caesart*s and unto God that which is Godts;
and the other group which deprives God of that which is
Go&fz 1n_order to givelit unto Caesar, Agsumingrthnt
natural science must work within a re#tricted field, the
first group is content yith‘the consequent dichotomy of
therworld into a field of action and a field of contem;
plation and value; whereas for the latter group the realm
of value and contempiatiomg being naturally continuous
with the realm of action, ultimhtely must lend itself to
acieh&itic inspection or else scientific hope must be
abandoned as futile, And hencg&ftq#‘ﬁh;s lattier group
we must devise new scientific categories and methods
which will be applicable also to that larger portion of
our experience, which mechanistic methodology has not

been abie to touch,

_ ‘It is because mechanism can give an account of
only a very smail fraction of our experience that modern
functionalistic philosophy and psychology have been at
variance with traditional scientific methodology. All
attempts to reduce life and mind to mechanical proeess;

es have falled, This inherent limitation of mechanism
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looms so big for those of our modern thinkers who

place the emphasis on function or processes rather

than on substance or structure, that they are almost
ready to cast it overboard, Scientific meﬁhods egn;
not be restricted according to these thinkers to that
limited and parfci subject:matter which ylields itself
to mechanical explanation, but must take into account
the whole of our experience and not mere frﬁgmentary

aspects of them,

The whole issue seems to be reducible to this
question: Can secience wholly dispense with concepts of
substantial elements and proceed to work solely with
functional relations? If sciénce cannot dispense with
concepts of substance, then the particular nature of
subjecp:mattgr.(i,e.githe degree of its relative eqm;
Plexity) becomes of importance, On the other hand, if
science can dispense with concepts of substance and
wholly focus its attention upon functional behavior
then the particular nature of the complexity of suquct:

*
matter becomes negligible, Those who emphasize func-

*® This question discussed in detail in Second Chapter,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



#iéns and processes invariably choose the second alier=
native. They are in revolt against the "bifurcation® of
nature into a realm which belongs to science and a realm
which lends itself at best only to methodological descripl
tion. The fact that the scientist, in crossing the bor;
derline from the physical to the vital and mantal world,.
runs up against an individual datum which cannot be linked
into the causal chain of mechanical events, 1s one of the
conditions in science which is ground for the dissatis:
factien of the functionalists, Mechanism is unable to
bridge the gap between mechanical process and vitalistic;
menﬁalistic processes. Although organic chemistry has
gone a far way in late years to synthesize so:called or;
ganic compounds, it has not been able to date to synthe:
size any substance which displays the vital processes of
self*maintenancég growth, and reproduction, In crossing
the line from a world determined wholly by mechanical laws
into a world of vital and mental processes, the summation
method based on mechanical schema or model seems to break
dowmnj, or probably better, as some disconcertea critics
would put itly/ has broken down. Consequently the question
isrraisedi-:are we not after al:‘!.‘ laboring under a false no:-

tion of what scientific methodology ought to be? Since

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



+ mechanistic methodelogy is able to satisfy human in:
perests andrquriosityvln only a\very}limi@od::and rgz
stricted field, it has no rightj, according te modern
critics, to claim for itself the overlordship @f know=
ledge, Thus the limitation of snbgect;mattor of tra:

ditional science has led contemporary thinkers to ques=
tion the validity of its method,

~ Another criticism is that the notion of restric;
ting scientific methodology to & limited scope of sub-
Jectematter harks back to the old assumption of an ultin
mate substance of some nature, This concept of ultimate
substance 1s too absiraci), too far removed from the home;
ly and familiar realm of common sense experiencej,l with
which the functionalist hopes to deal by a new scientific
method.,. o

_ In addition to these protests against a aimitq:
tibp of subject:matten;.against an assumption of an nn;
derlying unchanging substance, the functionalist raises
an objection to the traditioﬁal concept of law., He claims
that the rationalsitic assumption that the laws of the uni-
verse are somehow or other discoverable through the method

of a priori deduction is nothing but a hangover of sevenw
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teenth and eighteenth century ratiqnalismhgwhich modern
thought has outgrown, He maintains that this is not a
rationally ordered universej all so:ca;led scientific
laws beingmvhol;yltoundedwnpqnwprob@bi;itiesa.and hence
all so:calleq scientific laws are nothing but the laws
of averages obtained by calculating the mean averages
of similarities and variations existing between factual

material under observation and experimentation.

~ This explicit and implicit dualism of a& mecha-
nized:quantified physical world and a world of qualities
and values has led contemporary philqsephers»andvsc;en:
tists §o discard the method founded largely on the old
notion of an ultimate underlying material substance. The
recent substitution of a method‘foﬁnded upon the notion
of statistical correlation has given rise to several mis- -

conceptions of scientific methodologye.

It is with some of these misconceptions of the
range and scope of sciénee that this paper proposes to
deal, The purpose of this essay is to examine the claim
that through statistical procedure science is able to ex:
tend the scope of gwsnbjeqt:matter in those fields which
mechanistic methodology could not touch, In short, the
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the problem centers around the question of scientific

laws and their relation to the particular and individual.
In this chapter, our attention shall be occupied with a
brief review or contrast between Aristotelian class me=
thod, the Newtonian-mechanistic method, and the modern
statistical or operational method, In the second chap=
ter, Qe intend to deal with the general presupposition
upon which these three methods rest, especially the mecha«
nistic and statistical, This will involve an examination
of the traditional concept of causality and a critical

examination of the modern concept of law.

i1,

In contrasting the Aristotelian method of ap=
proach with that of the Galilean =Newtonian method, several
things must be taken into notice., 1. Under the old Arise
totellan descriptive system, the individual or particular
fell into certain classes. The classification was made
either on the basis of formal logic or in accordance with

certain peculiar simllarities of structure. Both methods
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10

rested on a teleological and qualitative basis, Thus

working wholly with logical eategpr;es in a teleological
system, the location of membership of an object in a
given class was of critical importance ﬁnder_the_old
Aristotelian desoriptive system, A particular horse

must share all therattributas and properties of the class
equinitys. It is equinity which makes the horse, even
though no one has ever perceived equinity. Thus it is
that the eonoreta:particular datum either falls into a
class which determines its particular attributes or pro:
perties wholly in terms of their class; or, if it happens
to be structurally dissimilar to that claéwg it is simply

ignored or classified as a product of inexplicable chance.

Let us contrast with this the categories of mo;
dern quantitative physics, where classification according
to formal and teleological categories has been replaced
by continuous gredations, Substantial and qualitative
odncgpts.haﬁe been replaced by dynamic and quantitative
concepts, For modern physicss the particular datum must
be an individual empirical‘manifestation of a general

mechanical process, under which it is subsumed,

It has often been said that the application of
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11

mathematical tools and the tendency towards minmitenses
and exactness 1s the earmark of modern science as 09@;
trasted with the anclient descriptive science, But as

we have shown, the contrast between the old Aristo%i;
lian class method and the pcstuaalilexux physics lies
rather in the fact that the qualitative and teleologi@tl
categories used by the scientists under the Aristotelian
descriptive system inevitably led to class concepts; while
the purely quantitative categories, used in the modern
mechanistic system, lead to the concepts of a homogene-
ous process, wherein individual events are limked together

by mechanical laws which are calculable through mathema-
tical manipulation,

| In passing, we may note another interesting com-
parison between these two systems, Modern mechagistic
methodology has often been contrasted with the old de:
seriptive class system by labeling the former empirical
and the latter a priori. But these are certainly mise
nomersly 1f the terms ‘empirical® and i*a priorit are taken
on their popular face value, Ironical and paradoxical
as 1t may seem,,the old Aristotelian class system came,

in a certain respect, closer to what Bacon calls the eme=
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pirical method, than the modern mechanistic system,
Despite the fact that the subgeat:@atter under obser-
vation in the old Aristotelian descriptive system was
wholly observed through the lenses ot‘class:emnceptwg
the Aristotelian method was in one sense more empirical
than the modern Newtonian scientific method, True, the
individual or particular found its only reality in the
essential nature of the génus or species in which it
happened to fall; mevertheless),i these cl&ss:conegptg,
when founded on similarity of structure,always showed
an immediate reference to the historical given reality
and to the actual course of events, This is &s K., Lewin
points out), almost entirely lacking in modern physics,
The law of falling bodies, under the Aristotelian de:
scriptive system, was partly determined by ths observed
frequency and regularity with which bodies fall down:
ward, But according to the Newtonian seientitic methon
dologyg falling bodies act in accordance vith certain
mathematical formulas which are determined by the gen-
g?al schema or model of homogeneous unity of the physiz

cal warld,

Now,. 1f we mean by an empirical method simply

the gathering and pigeonholing of factual material on
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.the basis of certain similarities of structure or”be;
haviori, then the old descriptive method is probably
less a priori than modern scientific methodology., On
the other hand, if we mean by empirical scientific me-
thod, the organization of subject;matter'in harmony with
an intelligible principle or schema by which we actual=-
ly can manipulate the factual material under observation
and experimentation, then modern mechanistic methodology
is certainly less a priori than the old descriptive class
system, In the old descriptive science, scientific me;
thod consists of simple enumeration and quasi;stgtistieql
classification of the bulky factual material as given to

immediate qualitative and valuative experience, into hetero;

geneous systems or classesj while ih modern aaiencq,.scien:
tific methodology is not complete until its factual maé
tari@l is organized into an all;embracing system of law

under which it becomes intelligible and manipulative,

, This bbings us to the conception of law or 1aw;
fulness, and to a second very important difference between
the Aristotelian descriptive class method and modern mecha:
nistic methodélogy. In the modern mechanistic system there

can be no distinction between lawfulness and chancey, so long
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,gs we keep with;a the narpow sphere vithin which

modern science claims to supply its mechanical cate:
gories, Its dﬁdugtive systematic strudtnre determines

a priori what shall be admitted within the system. Of

what falls outside it has nothing to say, Hence, there

is no such thing as chance, 1ndeterminism,,or the absence
of any assignable and intelligible cause., In his restric;
ted field, the physicist, &s well as the chemist, finds no
room for fortituous events, Chance, accident, 1nde§nr;
minism are simply synonymous with unintelligibility., A
datum remains unintelligible, goptingen#jﬁas long as it
cannot be linked into the chain of events demaﬁégﬁ by the
mathodologiealvseiuntigw’s schema, Whereas the Aristote:
lian scientist, working wholly with logical categories) |
arrives at a concept of law or lawfulness which 1s through;
out of a sort o:&quasi;statistical character, Thevqriteria
of lawfulness were found in the regularity and frequency
with which the particular or individual happens to fit a
qgftaim class, The lawful was simply,considered»as equiva=
lent to that which possessed the higbest‘degree of generalé
ity. gﬁencegﬁthe regularity and frequency are the perfect
antitheses of the infrequent, the individualj, or partiou:

lar event,
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I1I.

It is against both these conceptions of law
that the functionalists, as exponehts of the statistie
’ggl.method, protest. Both the post-Galilean physics
and the old Aristotelian class system are grounded upon
a rationalistic conception of law, hence they fall back
upon the old traditional notion of an underlying causal
substance of some sort. Now the functionalist contends,
80 long as scientific methodology 1s shackled by the old
notion of resting the concept of law on a rationalistic
metaphysicél footing, the particular or individual is
really of secondary importance. Law, so they contend,
is nothing but an empirical generalization of observed
functions or behavior of particular objects or events.
Their own position is that from the point of view of rea-.
son this is a lawless universe, all so=called scientific
laws being wholly founded on the calculation of probabi=
lities, and hence all laws are nothing more than recorded
averages obtained by calculating the mean of similarity
and variations existing between factual material under

cbservation and experimentation.
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‘ - Let us now briefly examine the proposed method
‘or ‘the runctionalist as an exponent of the statistieal
method, Two points must be taken into notice: 1. The
relative status of a causal explanatory theory and 1ts
relation to the particular sub&ect-matter. 2. The rela-
tion of the particular or individual to laws derived
through statistical generaliza%ion,

The fact that the soientist will never be able
Lo dispense with a causalltheory;.which will serve him
as a guide in his researéh; is a common assumption which
no one will denys. The theories and principles, with which
the scientist works, must serve him not only to organize
the factual material already at his disposal, but qlséh
to ;erve him as cues to further discoveries, séienceg;as
science, must have certain hypothetical principles, which
bring law and order into the mass of facts under gbgerva;
tion., This does not mean, however, that science proceeds
by mere predication, nor does it ‘mean that observable data
which have defied all effurts of bringing them under an
intelligible and workable principle are necegsar;ly'out;
side of the general sphere of science, On the contrary,

it is just these recalcitrant data which spur the scieme
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@istt&?ﬁ%zéxaminationvof his theory and hypothesis. It
is one thing to spequlate what the ultimate nature of rea«
1ity may be; 1t is quite another thing to rgcpegk and reé
fine scientific schemas or principles in the light of ob=
servable facts, Principles and schemas in themselves do
not lead to discoveries of heW phegnomena. The only part
they play and can play is to visumlize or account for a
novel facti, and to serve as hints.:in the\po:siblg:discqvéry
| of new facts, As a classical illustration of a scientific
schema, serving accidentally as & cue leading to new dis-
ceverie&g we may}recall the discovery of Neptune 1311846.
Both Leverrier and Adams, working independently, deduced
from a series of recondite methematical calculations, that
the long observed perturbations of Uranus must be due to a
body beyond the planet Uranus, 1f the general schema of
watonian gravitation is werkable,” - To make speculative
leaps and to test and verify these leaps by observation
and experimentation is theivery business of selence. Whe;
ther the new Einsteinlian physics will replace the old‘qu:

tonian 1dea is not a matter of speculation as to the ultie

* "It was just a ’lucky accident* that the newest planet
Pluto was located where the late Percival Lowell figured
that it would be (Time, March 24, 1930), declared A.A.S.!'s’
retiring president, Professor Ernest Wiiliam Brown of Yale,
Plutog he thinks, is not heavy enough to cause the Uranian
disturbances upon which Lowell based his predictions,™ Time,
Jamuary 11, 1932, page 32,
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-mate nature of things|,! but a matter gf checking and
reZchgck;ng its validity by"obaervable and experimental
evidence, In shortj,l when the scientist speculates on
his principles or schemesi, he must have his face turned
to the eapirically given and'not towards the clowds which
veil the ultimate nature of reality. Speculating on the
logical or rational implication inherent in the mechgn;s:
tic concept is outside of the field of science, Such qugs;
lions as whether reality is ult;éately}gontinuqns or atomici,
are a puzzle for the metaphyéieian to play withs In short,
the scientist must always bear in mind that his principles
and schemas are nothing but charts which guide his Qbser:
vations, The tendency of making & metaphysical principle
more ultimate than the subject:ﬁatter forms the net in
which\soumany of our scientists éndvphilosophers become

enmeshed,

With the refinement of methematical and mechanical
instruments, the scientist has been able to shave off one
splinter after another from thé old primordeal, substan:
tial form, until at last he has diminished it to mere re;‘
lational processes, The atomic mass has been reduced to
mere electrical vibrations or charges), and these again

have been so rarified and desubstantialized that they defy

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-the grasp of even the wildest flight of the imagination,
This digging and cutting beneath the surface of scienti-
fic methodology has again led to a renewed and shocking

discovery that science has neither a bottom nor a topa.

. It is just this groping after the unknowable on
the part of our scientists and philosophers today, couz
pled with the desire to give scientific methodology a
broader scope, which has led to the confusion of scimnce
with metaphysics. As a consequence of this, the inherent
limitations of the mechanistic concept on which tradi:
t;onal scientific methodology rests, loom so big in the
eyes of these thinkers that they"entifely lose cognizance
of the fact that scientific methodology is by its wery
nature confined to only a small and comparatively insig;

nificant fragment of our experience.

N The test for a workable scientific'theory do:
spite its limitation and partiality, is how far it serves
the scientist in bringing order and law 1nto‘the~circum;
scribed:subject:matter under his observation, The cri:
terion of a good scientific principle or hypothesis has:
always been the effectiveness with which 1t handleé its

- subject-matter, And it seems to be most effective when
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its working principle and subject-matter are least
hampered by human qquationa. The greater the empha-

8is on the human equation, the less effective a sclen~

tific methodology seems to become,

This brings us to the second and chief point
to be considered in connection with the étatistical me;
, ﬁhod: The relation of the particular or individual to
laws derived through statistical generalization,

- The functionalists®: contention that all our
sg:qalled factual knowledge is ultimately statistical
in origin is certainly true. To deny the fact that the
greatest bulk, if not the whole, of factual material in
physical science is the product of systematic'qbserva;
tion and statistical tabulationy would be the height of

obscurantism,

Now granting the fact that the so-called laws

of physical science are nothing but empirical ganeraliza:
t;cns}der;ved;in the main through a sort of statistical
average does it follow that the statistical method ever
will obliterate the barrier which blocks the path for

mechanistic methodology in throwing light upon the more
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complex particular or individual on the vitaly, mental

and social plane of life? In other words, since the
statistical method can only deal with a complex pare
ticular or individual on the basis of an isolated fnnc;
tional characteristic possessed by a group or an aggre;
gate of individualsjy it follows that the more complex

the particular or individual becomes, the more runctioné
al variability will it display, which means that the
greater are the probabilities of its deviations from the.
average. A method which proceeds by simple statistical
tabulation of datae under observation can at . best only
hope to reach a h;gh_correlatién of particulars on the
bqgis of averages., No matter how high the correlation
m@y be, it will never represent the actual individual or
the partiocwlar datum. The high correlation,for instance,
between arthritis and teeth seems to establish a definite
connection between the two, But the curiosity of medical
research will never receive an answer on the basis of
simple statistical tabulation, as to the nature of con:
nection between tooth trouble and degenerative diseases),
and as long as the nature of the coﬁnection is not known,

the diagnoses of a particular case of arthritis is after

all nothing but an average reading.,
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. The germ theory, which 1s itself a product of
observations and statistical tabulatipns,.has given me:
dical science a powerful instrument by which to detect
the cause of a disease and its mode of trgnsmission'and,
hence, to check its spread by speéific preventive and
curative agents, But, if we seek for a specific intellie
gible connection between a specific germ and a certain
specific disease, our search is hopeless. Neither buc;
teriology nor histology can give us any light except a
description which is based on statistical tabulations.

To be sure, the principles of modern biological classii
fication are diametrieally opposite from ghewad_prin:
ciple on which the Aristotelian classification has been
based. Modern biological classification 1s based on gengl
tic principles rather than on external structure or form;
nevertheless, the outcome in the final analysis is the |

same: heterogeneous classification without end,

Ironical as it may seem, the modern method of
,statistical tabulation when applied to & subject-matter of
increasing complexity, inevitably shares the same weakness
and defects of the old Aristotelian descriptive system,
How statistical mamipulations lead to nothing but the
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old Aristotelian class concepts is clearly seen when

‘ we enter the field of the so:oalled social andrpstho;
logical sciences, As an example from chiid psychology:
Three:jeqr 0ld children are very often found to be nega;
tivistic; ergoll negativ;sﬁ is inherent in the nature of
three:&ear old children, The same applies to the so:"
called intelligence test, ability test, etc, The whole
gtatistical procedure through which experimental psychol
1ogy'and‘the‘soeia1 sciences arrive at their concept of
law or lawfulness is in the final analysis grounded upon
the "dictum de omni et nullo," In order to exhibit the
common features of a given group of fgcts the average 1s
e&lculated, This class or average acquires a represehta:
;ive value, and is then used to characterize such things
or idgaé as mental age, negativism and a large host of

so-called social and psychological laws,

~ The denial on our part that the particular or 1n;
‘dividual ever can come within the reach of statistieal pro;
cedure may invite some counter attack on the part of its
exponent, Let us look at some of the arguments of the
proponents of the statistical method, In the first place,l
it may be argued that statistical tabulations are depended
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upon just as much to ascertain the deviations from the
average as to ascertain the actual average reading, Hence,
by a method of isolating all 1rrélevant deviations from
the average, statistics lead to what is called probability
Judgments concefning the individual or partioular, Grant=-
ing this, we still ask the statistician what sort of an
individual or particular this is, It certainly is not the
concrete unified particular or individual of common sense
experience, For statistics can deal only with functional
variations on the basis‘qf abstractions. Each deviation
from an ascertained set of averages leads to a new set of
averages, In again ;solating‘the deviation from this new
set of averages, it leads to another set of averages, and
so on ad infinitum, As a resultVeveryﬁrgfinemnnt”of‘sta:
tistical tabulation leads only to an inopeasing plurality
of functional variations and each new set of these simply
forms an additional set of class averages, Now, suppose
for the sake of argument, that the statistiedan can get a
perfect correlation, would not that fact give him ground
for making a definite statement about the particular or 1n;
dividual? The question has already been answered by ime
plication, The statistieian is able to make a definite

- statement about the individual, only in so far as this pare
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ticular individual displays a certain common functional
characteristic abstracted from an aggregate group of
heterogeneous individuals. 8Since the statistician can
deal only with functional characteristics or relationm,
thercopcretérparticular individual as a unified organic
being has ceased to exist, The individual or particular
is in the final analysis nothing but a bundle of discrete
functional chargcteristics or relations which are accue

mulated through the mean or average reading.

To reach the particular datum, you must work with
a homogeneous system, where the particular observed datum
is an expression of a homogeneous process, If you haventt
such a system or principle to work with, the individual
either falls into a class or 1is left dangling\as an unin:
telligible and inexplicable product of chance, It is in:
teresting to note that statistical tabulation reaches its
highest mark of efficiency just in that narrow and limited
sphere of subject:mgtter where mechanistic methodology has
been most effective, The chances of approximating the par-
ticular or individual seem to be greatest just in that field
of»subjgctQmatten,swhere mechanistic methodology is most ef;
fective, In other wordsi, the chances of discovering a conQ
stgnt correlation between events thrbngh statistical tech;
nique are the greatest in the sphere of the so:called pure-

ly quanktitative sciences.
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CHAPTER II.

Iaw And The Particular.

We saild, in the first chapter, that the dis=-
tinguishing feature of post=~Galilean: physies is tﬁe
concept of lawfulness or law. Conformity to law is
its slogan., It was pointed out.there also that the
particular is outside of the field of scientific exe
planation as long'as it cannot be subsumed under a
general process of 3daw, So far, the term lawfulness
has vaguely been identified with mechanical causation,
FPounded upon the traditional notion that the complex
whole is beyond the reach of scientific explanation so
long as it canndt be analyzed into its ultimate, simple
components, mechanism still c¢lings to the old idea of
substantial property rather than purely functional re-
lations. 1Its laws being thus founded upon the substane
tive causality, it still is haunted, so its critics ar-
gue, by a classical, absolutistic metaphysical tradition,
Now, since the term explanation, as science uses it, is
in many respects closely related to the concepts of caue

sality, we shall briefly take up this concept in its his-
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- torical settingj but our attention will be chiefly
focused upon the’conceptlofylaﬂﬁ treating this qon:.
cept in three aspects: l. Its status or meaning. 2,
In its origin, 3. Its mode of operation or its rela=

tion to the particular or individual,

The prime merit of Newtonian physics, as point-
ed out in the first chapten, lies in the fact that the
anthropomorphic or the human equation is eliminated and
the sensuous or the qualitative reduced to its lowest
terms.* By means of categories wﬁich have been‘stripé
ped of all anthrépomorphic implications, explanations
invterms of final causes have been ruled out entirely.
But by retaining what may be called a sort of skeleton
of the sensuous in the form of an immutable subsiratum,
mechanics still clings to the old notion that science

and scientific laws must ultimately be grounded on sub=

stantive causality.

Now, since it is the business of sclence to

take its point of departure from natural phenomensa them-

¥ The meaning of force, which Newton construed to -
be an imponderable what=-not residing in matter and as act=
ing from within bodlies through space to draw or pull them
together, may be said to be an indispensable remnant of —
the anthropomorphic or the qnalitative, which ever you pre=
fer to call it,
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belvesaaandrto}describe_what really happens, the
question may legitimately be asked,l why shouldvgcien:
tific method be dominated by the notion of an nlti:

mate immutable substance? It is of greater import-
ance to ascertain the determination of phenomena in
terms of their dependence on an orderly relation to
other phenomena and to rest our causality concept 6n
the discovery of these orderly relations, than to
shackle scientific methods with the old assumption of
an existential material substance. If change 1s the
brate and ultimate fact of experience, why not make

it the terminus a quo and terminus ad quem of all seien:
tific investigation? Being forced to assume ultimate
immutable components, mechanism will always be ham:
pered more or less by the traditional notion of a eau:
sal substances In the Newtonian system, which rests
upon the concept of inert mass particles, the concept

of gra#itation aQ according to which the motion of every
particle of the universe is continually and instantly
responsive to the position and mass of every other par;

ticle in the universe =~ is simply anomalous from the

point of view of substantive causality. Furthermore,
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since the categories of the Newtonian physics ine

clude the principle of force which is in itself

nothing but the last remnant of the anthropomorphic

or the qualitative),l why not take the last step and
permit the seed which the post:Galileaam~revolu§19n 7
has sown to sprout in all iis glory by turning sclence
and philosophy into nothing but quantitative and‘mgthe:
matical formulation of lew? When this is doae,‘phygics
no more can arrogate to itself the prerogative of being
the elect of the gods as a final arbiter of scientific
methpd._ Since sclence will consist in nothing but a
methodological description of observed frequency and
regularity of behaviory there will be no dichotomy into
a subject:matter that yields itself to scientific ine
vestigation and a subaect:ﬁatter which does not., The
Newtonimn concept of inert matter, on which the laws
of mechanids are founded, is nothing but a convenient
conditional "referenee:frame" Serving to bfinghths me;
chanical categories into an intelligible unity. Hence,
the concepts or categories of physics have no intrinsic
priority over those of any other field of methodological
investigation, At best they only serve the scientist
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‘as temporary tools by which he manipulates his bulky,
factual material until he is able to fit his subject-
matter into the moulds of the ganeral 1aw which seem

to, or at least are assumed to govern natural phenomena.

What is the issue here? We héve talked about
anti-absolutism as opposed to mechanism, The term mecha~
nism has attained in current philosophical and acienti-
fic literature a variety of meanings, Thus mechanism
may refer to the simple and basic laws of mechanics or
it may refer to an underlying pringiple of identity, in
terms of which change and motion are explained, As for
instance, the immutable atom which is, so to say, the
ultimate changeless component of the cosmic machine,

Ever since the time of the Renaissance, science has been
primarily concerned in reducing reality to mathematical
terms. But since explanation in terms of purely quanti-
tative or_mathematical relations were thought po be be-
yond the grasp of the imagination, postQGelileanm physics
has also been interested in the search for an ultimate de;
termining\principle which would somehow yield itself to
purely mathematigal calculations, By stripping reality

of all qualitative and anthropomorphic attributes and re=-
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/ducing}it to bare figure and motion, science thought it
at least had discovered a method which would give an

answer to both the what and the how of reality.

B - There seems to be in current secientific and
philosophical literature some confusion as to the ad;
verbial usage of the terms ?the why", "the what", and

"the how," Before proceeding with our discussion of the
causal concept 1n‘its traditional setting and the con-
cept of law in its threeéfold aspect, let us pause a
moment and examine these three iroublesome and ambiguous
terms, The whole issue of this paper largely hinges uponl
a definite meaning of these three terms. What do these

three terms really denote?

The usage of the term “why" is probably the most
troublesome, for some of our most eminent writers and cri-
tics use it in the sense of either rational or empirical
demonstrative knowledge, It 1is said that science not only
1s concerned to know how things change, but also why things
change** Now a little reflection will show immediately its

* Meyerson?s Jdentity and Reality. Page 335,
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rather obv;ous finalistic apd teleological denotation.

The question why certain chemicalS combine, requires a
‘tgleologiéal and finalistic explanation. To answer this
qaestion would mean nothing less than knowledge of the
‘ultimate grounds of existence and reality. Hence, the
term "why" has no meaning in the realm of scientific disQ
course, for science can concern itself only with “the how"
and "the what," Now what do we mean by "the how" and "the
what®?

va you ask what is X, you may receive two quite
distinct answers. I may describe or explain X in terms of
its substantial properties, or I may describe it 1in terms
of its functional relations.. Let us first note the "what"
and the "how" of a thing when described in terms of sube

stantial property.

Describing a thing in terms of its substantial
properties usually involves reductive analysis, Suppose
you ask me about the "whatness" of this paper or what this
paper is., I may answer that it 1is a cellulose compound,
But in defining this paper as a cellulose compound, I have
only whetted your intellectual appetite to know what a cel;

lulose compound is. The desire for explanation will never
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-be satisfied until we arbitrarily accept an ultimate
substratum, in reference to which the wwhatness® of
phenomena is expléined, Thus whatever may be the na-
ture of this substratum, whether it be material, elec:
trical, neutral, etcs would largely depend upon the
‘problem in quesiion. One of the_major‘aims of science
1s to analyze composite things into substantial elements,
chording to Newtonian physics a thing 1slsa1d to belex§
plained when analysis has been pushed as far as it is in@
telligible. Reducing reality to ﬁatter and motion, posti=
Galilean:: physics has worked with a material substratum
in terms of which it has been able to arrive within a
very narrow limit, of course, at a formal explanation of
how phenomena operate. Two things must be noted heres
To say what the thing}§;oessitates an explanation in
terms of 1ts material or substantial properties, Aris;
totle called this the material cause, The particular na#
ture or structure of this material substratum will de;
termine our explanation of phenomena so that "how" a
thing operates is determined by what we conceive to be
the ultimate nature of this thing, The "how" may be

said to be concerned with the operation or the laws whdich
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' follow from the intrinsié nature of the conceived"what;
ness" of our substratum. Thus, whether we cenceive ul;
timate reality to be material, electrical or what;not@,will
1argely determine our concept of mechanical and physical
laws, The point to be kept in mind is this: That the
"whatness" of a thing refers to its material nature or
composition, The "howness" has to do with the function
or opehation of this materials, Thus the term mechanism
as we here use 1t may be said to have two aspects, I%
may refer to its structural aspect or to a functional»as~
pect, The "whatness" 1s concerned with the deseription
of the ultimate structure: the "howness" with the func-
tion or operation of this structure. Now a mechanism Qf
whatever variety it may be is meaningless without the as;
Sumption that ils operation 1s somehow or other dependent
upon the nature of its component elements, Furthermore,
and this is a point of the greatest importance, the simQ

~ pler or the more homogeneous the component of a mechanism
is the more is it within the reach of the imagination, In
other words, the simpler its form or structure the more

intelligible is it in its actual operation,

Let us now turn to the question as to what is
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meant when "the mha%" and "the how" are both defined

in terms of functional relations. In deseribing the
'“what" of a thing in terms of its fungtiongl relations,
there is no need of any reductive analysis., The "what;
ness" of this paper simply consists in the immediate
role it is playing or may play in experlence. Right
now it is a thing to write on, It is also instrumen;
tal in performing the function of conveying my ideas

to yous The guestion is not what is X 1n‘and for 1t;
selfj, but what is X in its functional relation to Y.
Hence, here the "what" of a thing is always some form
of meaning with which the immediately perceived data
are invested and these are only definable in terms of
the functional relation with each other. The chemist
from this point of view is not so much interested in
the ultimate nature or sensuous character of an eleQ
ment as he is in ascertaining the functional behavior
which certain elements display when brought into spe;
cially conditioned relations, Knowing theaphingqin its
functional relation is to know the "how"; Knowing it as
meaning is to know the fwhat." Given then data un;‘

analyzed as to inherent nature, but serving as the new
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. material or "whatness" of any situation, the explicit-
formulation of the relations in which these data enter

constitute the "howness,"

‘ To compare these views more concisely: The
"whatness" of substantial property is the ultimate ele;
ment to which the raw material of the situation is re;
duced by analysis. The "whatness" in terms of function;
al explanation refers directly to the whole unanalyzed
data of the situation, The "howness" of substantial
property is the expression of the inherent natural ca;
pacities’of ultimate elements in the Aristotelian sense
of the true function of a creature being the true ex;
pression of its own natural activity, i.e, how it na-
turally acts; the "hbwness" 1niﬁerms of functional ex:
planation is simply the explicit formulation of rela-
tions subsisting between unanalyzed data as they per=

form in conditioned situations.*

Note then, as long as scientific categories are

founded upon substantial properties, explanations do not

* Contrast molecular theory of gases and law of
gravitation, Sometimes the "how" 1s deduced from the
"what"; sometlimes nol, sometimes you have a "what" which
resembles a substantial property (mass or foree) and a
"how" which is reached by inductive generalization,
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merely consist in a de facto knowledge of the law under
which phenomena manifest themselves, but in the knowledge
or understandihg of the underlying substantialycomponénts
in terms of which it 1s explained, In other words, the
"howness" of the thing is conceived 1n.terms of the’na;
ture and constitution of the "whatness." Dealing sole;
ly with functional relations on the other hand, the na;
ture and constitution of the substantial "whatness™,
namely the thing, is of secondary if not wholly negli;
gible importance. It need only be recognized, not ana;
lyzed. kScientific explanations are here founded on mere
deseriptiqn of functional relations which an object or
thing désplays when brought into certain conditioned |
situations with other objects or things. Since by this
hypothesis the "whatness" of a thing does not consist in
its intrinsic, substantial constitution, but in its func;
tion or behavior, science has no need to base its expla;
nation on 1té underlying substantial components, The
“whatness®" of a ihing consists here in a de facto rela;
tioﬁ of certain functional characteristics or unanalyzed
meanings which a thing ihvariab;y displays when brought
into relation with other things., Thus the “"whatness" of
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oxygen or any other element does not consist in its
inner or intrinsic constitution but in the oxygen

qua datum in an almost infinite number of combinations,
Knowing the functional relationships in which a datum
gignifieantly figures, 1s to know the "howness" of its
laws, Knowing the laws under which phenomena thus

operate, science is said to be able to explain phenomena,

o Now what do we mean by explanation? The term
isvambiguously used in scientificyliterature and this
ambiguity is closely bound up with the equivocal uses
of the termsgéthef"what" and the "how." In saying that
the law of chemic&l“affinity explainsi,: or that such phy;
sical laws as heat or freezing explain phenomenaj, we
surely do not mean explanation here in the sense of a
purely abstract rational understandings That is, law
hére simply denotes a brute de facto connection exist;_
ing between certain data. This connection 1s beyond the
grasp of human imagination. We have already intimated
that the greater portion of physical laws are founded
upon non-rational or non-imaginable bases, And, as
we shall see, all laws in their origin and status are

of an irrational nature, But granting,that laws in their
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genesis and status do rest upon nothing else but the
observed frequency and regularity with which phenomena
tion and operation is equally non=rational? In short,
does scientifie expldnation éonsist in the mere desorip=
tion of functional behavior of phenomena; or does in;
tellect in the sense of ﬁnderstanding and not in the |
semse of mere "acquaintance-with" still have a role to

play on the scientific stage?

The erux of the whole matter seems to lie in
the phrase"rational explanation," If substantial pro«
perties are of any concern to science then explanations
are ultimately grounded upon some form of substantive
causality. In other words, science is not merely in;‘
terested in ascertaining de facto laws governing phenoé
mena, but also in the venture of trying to give a’ra;
tional explanation of those laws, In this case, scien=
tific explanations do contaln a rational causal element
in the old traditional sense. Thus the issue seems to
resqlve itself into these alternatives, Either the logic
of science does in part at least consist in the old clas;

sical method of rational reductive analysis, 1.e., re=
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ducing phenomena to its ultimate substantial struc;
ture, or science is solely founded and grounded on a
logic of statistics, Either science must willy-nilly
somehow satisfy our causal instinct by offering some
form of rational explanation of the nature and origin
of phenomena, or the sole business of science”consists
in the observation and tabulation of datal, the formu;
latédyresults being called law. In the formef case,
sciéntific explanations do rest in part at least on
sﬁbstanpial_concepts, while in the latter case, science
is solely and wholly concerned in the functional beha;
vier or the process of phenomena. In the first alter-
native, the criteria of science rests upon explanatory
laws which are partly founded upon the substantial “whatn
ness" of phenomena, while in the second‘alternative,
scientific éxplanations are founded wholly upon funq;
tional "howness" or on the methodological deseription
of}observed regularity of sequences of events, Before
we are able to come to any agreement on this point, it
is necessary to consider briefly‘the concepts of causa;
lity and of functional law in their treditional historié

cal setting. This will involve a brief examination of
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the metaphysical and logical presuppositions upon

methods
which rest the three/already discussed in the fore-

going chapter,
II.

In taking an historical retrospect, we may
distinguish ihree general periods of scientific think;
ing. First, the concepts of causality and of law were
both closely identified with some rational, metaphysi;
cal system, Second, the concept of law was sharply dif;
ferentiated from the causal concepts The concept of
law took on a new meaning, while the concept of céusa;
lity has been more or less confounded with the old ra-
tionalistic and absolutistic tradition. Third, the at;
tempt in contemporary thought to reunite the concepis of
cause and of law to a new synthesis on the basis of a
relativistic metaphysic, Oub attention here will be fo-
cused chiefly upon the first twb,‘reserving for a later
work a more critical examination of the third. To sepa;
rate each period by any sharp line of historical demar;
cation would be folly. Just as Greek or medieval eull

ture is not a matter of mere chronological order, but
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x rather an expression of a dominant attitude toward
the problems of life, so an arbitrary division of
sclentific method into chronological periods must not
be taken too literally, All that is meant is that a
certain attitude toward the nature of scientific prob;
lems prevailed, A particular type of thought or be-
lief may be sald to enjoy a certain priority in a par#
ticular historical period; but it never can be said
that it entirely monopolized that period to the exclu;
~ sion of every other type of thought or method of ap:
proachs Bearing this in mind, we may say that almost
up to the tiﬁe of French positivism in the 19th csnturyy
the attempt to explain phenomena on the basis of some
causal principle, rather than trying to describe pheno:
mena on the basis of functional law, has occupied a
large part of the energies of scientists and philoso#
phers of science, Since it was the prime business of
S¢1enCe_to_exp1ain the initiation of changing phenomena,
itsimajor occupatidn consisted in the search fer anyun;v
derlying perdurable principle ip terms of which phenomena
must be explained. Prbceeding on the assumption that

changing phenomena must somehow be explicable in terms of
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‘ rational laws founded upon a causal metaphysical sys~
tem, scientific inquiries énvisaged the world of phe;
nomena as & rational system which somehow or other must
yield to.a method of.lpgical reductive analysisa. Apez’
dictic certainty was the end and aim of sclence, Causal
connections were synonomous with rational conneetions,
which meant, in other words, the copcept of law and the
concept of causality were confusingly combined with the
notion that existence must ultimately be rooted in a
rational ground, The wedge which gradually separated
the causal concept from the old notion of a rational
ground was made by Hume in his revolt against metaphy=
sical speculation, Causal connections turn out to be
beypnd}the sphere of human knowledge. Sinqe no rationé
al connections or binding causal principles are anywhere
to be found in nature, scientific and philosmphicalhin;
vestigations must be rigidly confined, as Comte would
sayly to the analysis of phenomena with a view to the
discovery of the actual law, i,.e., Pheipvcpn$tant’rela;
lions of sequence or similarity. But along with the
search for causal explanations, the phenomenalistic
movement continuglly gained ground, Always influential

in post-Galileanm: science, and particularly in Newton,
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it found full expression in the philosophies of Hume
and Mill,

| The basic characteristic of the positivistic
movement), ushered in by Hume and Mill, lies in the fact
that all metaphysical speculations are taboo, Scienti:
fic as well as philosophical investigatlons must begin
and end with concrete empirical facts. This positivis;
tic doctrine, coupled with other influences which we

shall bring out later, completely revolutionized seiéné
tific thinking,. WhereAermerly science was chiefly can:
cerned in trying to explain phenomena in terms of ra:
tional, immutable principles, the sole business of
sclence next consisted in giving a methodological or

descriptive summary of observed regularities in the se-

quences of events,

) ‘ This»brings us to seéeral obvious though 1m;
portant observations with reference to the concepts of
law and of causality, which we must briefly take into
account here, One of the paradoxical consequegces_of the
positivistic movement is that theiconcept of causality
has been left in midair, To identify causality with
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mere sequences and cerxistence of events 1s certainly
doing just as much if not more violence to the term, as
it is to identify it with sufficient reason or rational
ground, From a purely sensationalistic point of view,
Hume and his followers are undoubtedly right in holding
that the mere impression of an an@ecedent state and the
concomitant impression of a_subsequent state reveal no
real connection or necessary rélations other than psy;
chological habits, The trouble, however, with this doc;
trine is its‘one:sidadness. The rational 1life of man
carmot live and prosper by merevempirical impressions
alone, Merely to describe changing phenomena on the
basis of observed regularities and frequency with which
phenomena manifest themselves in succession of time 1is
Just as unsatisfactory to scientific thinking as the old
metaphysical search tor the immutable, It‘is_truebias
far as my empirical acquaintance with explosives 1is con:
cerned, that the only connection between the spark and
the powder is a mere habitual association of a certain
antecedent state with certain invariable subsequent
states, But no scientist, I am sure, will accept the

statement, without any protest, that scientific method
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'consists in nothing but an elaboration and refinement
of this crude, empirical method. To be sure, the qon:
cept of law, as we shall see laten, is founded upon the
Humelan and positivistic principles of coeéxistence and
sequences, But this surely does not mean, at least for
the scientist, that the causal concept which is closely
knitted with the concept of law has no other material to

deal with than spatial or temporal proximity.,

III.

We have so far spoken about the concept of caue
sality and the concept of law without giving any cleara
cutflefinitiom of them. In discussing the equivocal usages
of the terms "what" and "how" it was said that the ambie-
guities in the use of these terms are due to aﬁ indis« |
criminate confusion between what we have called substanw
tial properties and functional relations. When X is de=
scribed or explained in terms of substantial properties
its "whatness® consists in its inner constitutive nature.

. On the other hand, when X is described in terms of its
functional relations, its essence consists in its fimmew

diate functional relation to other things. Now letl wus
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‘tentatively lay down two propositions to be established
later: 1. That the causal concept in order to be intel-
ligible must rest on some form of substantial property.
2. That the concept of law as a systematic description

of the functional behavior of phenomena has no need to
take into account substantial propertiesi Bearing this
in mind, let us first briefly distinguish these two 6oné
cepts, and secondly, take up the origin and status of the

second concept.

To distinguish the concept of causality from the
concept of functional law, let us say that the former is
primarily concerned with explaining phenomena in teﬁis of
some'homogeneous principle of identity;'uhile the latter
is merely interested in describing phenomena on the basis
of external similarity of qualitative structure, or on the
basis of correlated behavior, In speaking about describe
ing phenomena on the basis of similarity of qualitative
structure, we have in mind the old Aristotelian class=
method. But since this particular question will come up
later, let us define law here as a deseriptive formula of
the order or pattern under ﬁhich certain properties or

~characteristics of phenomena manifest themselves.,
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The term lawfulness is probably one of the

most treacherous terms in contemporary thought. Yet

conformity to law is one of the major tenets on which

modern science rests. That nature is uniform and ore

derly 1is a common assumption of sclience and common

sense. The old schools of philosophy were chiefly cone

cernedy as already stated, to account for this observed

orderliness in nature on abstract rational grounds,

while contemporary thought is concerned in describing

the mode of behavior under which natural phenomena

manifest this order in empirical experiehoe, In other

words, contemporary thought is disposed to turn its

back upon all speculative attempts to éxplain phenoe

mena in terms of underlying, causal principles or

agents. It has focused its attention upon the observa=
tion and description of the conditions under which pheno=

mena display peculiar modes of behavior. Thus the chemist

is primarily interested in the invariably subsequent rew

éult which supervenes when his elements have been brought

intoya peculiar relation. In his experimentation the chea

mist or any other scientist is more interested in discovere

ing new properties or functional relations and the formue

lation of law on the basis of these discoveries than in
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the speculation as to the ultimate nature of his ele=

ments.

In discussing the genesis of this concept of
law it becomes a prerequisite to distinguish in the
first place what may be called the ideal aspect of law
from the objective or ontological aspect of law. If law
is a descriptive rormulaaithenvit is an ideal construct
and not an external, ontological reality. In saying this,
however, we do not mean in any way to imply that law is
subjective or mental in the old idealistic sense. we are
not interested here in any epistemological problem. To
.call law an ideal construct simply means that law, whate
ever its existential status, receives 1its:'formulation
from béings who are endowed with the power or faculiy of
generalization. Man, in his practical and workea-day
walk in life, implicitly assumes‘the uniformity and or=-
derliness of nature. This commonwplace assumptioh is
generated by our everyhday; perceptual, practical exe

..... Thet a body invariably falls downward and not
upward unless propelled by a counteracting force has been
sunp an invariable observetion to ordinary common sense

experience, that the exception to this would be styled a
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miracle. But miracles and the common-place have reaw=
lity only for an animal endowed with the power of looke
ing before and after, An animal lacking this power may
instinctively behave in such a manner that he adjusts
himself to a periodic demand from his environment or
inner eonstitutibn,{but it would hardly be in aeccordance
with fact to say that the animal is conscious of a unie
form order of sequences. Neither the commoneplace nor
the miraculous is diniinguishable by a being who lacks

the power of generalization.

From the total mass of undifferentiated experience
man has grédually learned to distinguish and select cere
tain properties and attributes for the purpose of experie
mental inquiries., Out of this chaos of unfeflectivé oX=
per;en0333 man has learned to generalize the selected data
into rules or laws. Long before the law of the lever was
formulated,he had constructed such artifices, as for inw
stance the shovel or the ax, which served him in his prec-
tical life. Thus, in groping his way through a Jjungle of
fortuitous pereeptual experience, man gradually learned,
more or less unconsciously at first, to observe and apply

certain general principles. The method of thought which
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advances science and which results in the generalization
of absiracted properties into rules or laws in no way
differs in kind from that of the most hardheaded man

of common sense, who in practical problems is not dominae
ted by individual whims and caprice, The elimination of
the anthropomorphic or the personal equation was what
made possible a method wholly confined to purely guanti-
tative measurements., S0 long as scientific method is
hampered by an anthropomentitic otitlook, quantitative
measurements and mathematical calculations become merely

secondary and piece-meal,

It is this quantitative or mathematical interest
which distinguishes the post=-Galilean: from the old facule
ty physics, In contrasting the Aristotelian descriptive
method with the modern statistical method, we have noticed
in the previous chapter that the former proceeds to classie
Ty the subject-matter on the basis of similarity in exe
ternal;qualitative structure or in accordance to logical
categories; while the latter method consists in a methodoe
logical or purely quantitative descriptive summary of the

modes or conditlions), under which phenomena manifest theme
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‘selves. The Aristotelian system or method may be

said to rest on a purely qualitative or antrhopomorphic
basis, while the modern statistical method proceeds on
the basis of purely quantitative measurements and mathe=
matical calculations. The arrangement of objects in a
class which had been 1n‘vogue prior to the time of Dese
cartes, and the formulation of a law wxpressing the re-
lationship or functional behavior of objects on the basis
of certain abstracted properties turn out to be two quite

distinguishable results in scientific activity.

Iv.

Two rather obvious historical facts must always
be borne in mind in the proper understanding of the shift
of emphasis from the absolutistic type of thought which
dominated philosophy up to the time of Locke. The frrst
was & shift of emphasis from a transcendent world of
ideas to the concrete, worke-a~day, practical experience.
The effort and ingenuity which were formerly spent on
giving man a unified and systematic picture of an ideal
world were gradublly shifted to the externall, empiricale

- ly verifiable aspest of life, The Aristotelian type of
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\thoughtaiwith its emphasis upon inner, logical organic
unity, geve way to the Newtonlian conception of a world
ultimately reducible to inert mass particles. All exs
planation in terms of theological and of teleological
causes has been ruled out by post-Galileanm physics.
And the dictum sets forth that natural processes, na-
tural phenomena must be explained solely in terms of
themselves. Closely bound up with this shift of empha
sis from the internal world of logical selfwconsistency
to the external or practical world was the new Eole
which mathematics and quantitative measurements played

in physical investigations,

But if Newtonian physics discarded the anthroe
pomorphic, it still retains a skeletonalike ghost of the
sensuous in the form of figure or extension. In eliminate
ing all final causes as explanatory categories of phenomenai,:
it has, nevertheless, not dispensed with causal categories.
Being a child of rationalism, it has founded its system
on substantive causality. Logical analysis and mathema=
tical calculation were only a means toward a rational,

causal explanation. Nature was interpfeted in terms of
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itself, to be sure, but this nature was stripped

of all qualitative attributes and reduced to bare
figure and motion. Dealing only with inert particles,
science could freely construct mechanical models which
served to illustrate causal explanatory principles. In
eliminating the anthropomorphic from its system and re=~
ducing the sensuous to its lowest terms, those of fi=
gure and motion, mechanism haé worked with categories
which yielded to mathematical or quantitative measure=

ments .
V.

The secondary position which contemporary posi=
tivistic thought has given the concept of causality in
science, and the exaltation of mere descriptive laws as
the aim and end of scientific and philosophical inquiry
are traceable to two sources. In the first place, the
concept of causality always has been identified with an
underlying principle of permanence or self-identity. 1In
the second place, the notion of the absolutistic prinn'
ciple of immutability and perdurability has been dis=
carded by modern relativistic philosophy, with the lo=
gidal result that the concept of causality in the sense
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implying fixity or permanence ceases to have any
meaning, Before discussing this problem, let us
briefly reeexamine the traditional tenets on which

the concept of causality has rested.

Explanation, in terms of causal categories,

has in traditional philosophy usually been identified
with what is called & priori determinatianﬁ. Aside

from other meanings which the term a priori may have,
it generally denotes in rationalistic and absolutisé
tic philosophical thinking, a determinate ground from
which reality is deducible, Up to the time of Locke,
the power of the human mind to penetrate into the in-
ner recesses of nltimate reality by logical pr rational
analysis was implicitly teken for granted, with the re-
sult that thé concrete empirical world was left in the
background., Logical self;consisteney and thinking in
harmony with abstract principles were the two canons
which governed the absolutistic and rationalistic phie
vlosophyﬁ Taking its point of departure from some as=
sumed immutable rational ground, it strove to eliminate
all factors which it was impotent to explain on these
rational grounds. Since qualitative diversity and
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change are beyond the scope of rational deductive
analyslis, they are cast into a realm of non-being.
The practical and mundane aspect of life could not
be permitted to pollute the waters of clear logical
and rational analysis. What good can come out of
Nazareth! The empirical was even for such men:as
Kant and Hume nothing but an unavoidable obstacle
which blocks the path of true knowledge. Despite
the fact that the post=-Galilean science embraced
this changing sense world as the sole and only sphere
in which it can live and strive, it, nevesrtheless,
explains this world of sense in the light of the
world of reason. Whatever defies explanation by
mere mechanical impact or quantitative spatlial ar-
rangement is simply discarded into the limbo of mys-
tery and illusion.

VI.

Sensory qualities have played a peculiar role
in the history of metaphysical thought, but our ine
terest is the peculiar part which sensory qualities
have played in causal explanation. Both in the Arisw
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totellan: and the Democritean tradition, causal exe
planations are grounded upon what we have called
above substantial properties, Consequently, the
whatness, the whyness, and the howness of things are
always interpreted or explained in terms of some ule

timate or essence.

Perhaps the most important feature in the
old Aristotelian faculiy physics was the tacil pre-
supposition that the sensuousLmnst be explained in
terms of qualitative differences. It was the late
hypostatization of such sense qualities, as Aristotle's
hot and cold, moist and dry, into»absolute propere '
ties of things or 1ndependent material substances which
served as a basis for explanatory theories of nature.
Now, so long as the complex sensuous thing is made
the determining factor, even though the sensuous is
reduced to a bundle of abstract and simple qualities,
gquantitative measurements and mathematical calculations
are largely left in the background. And this means, of
course,‘as already pointed out in the first chapter,
that classification is a logically implied goal of ine

vestigation.
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~ In saying, however, that the Aristotelian de=
scriptive method is founded upon statie qualitiesi, we
have told only a partial truth., It was not so much the
static properties according to which individual objects
were classified or pigeondheled;{as the essence which
each object possessed in common with other objects or
a general class, Now what is implied in the old Arise
totelian and medieval concept of essence? The apprew=
clation of this concept of essence, in particular its
implication, is very important to the real distinction
between the class concept and the modern quantitative
concept of law, Merely to say that the one is qualitae
tive and the other guantitative is telling half the
story, and the least important half at that. The pri=-
mary distinction between the modern statistical method
with its concept of quantitative laws and the old de=
scriptive method with its class concept, lies in the
fact that the latter contains a causai_element which
is totally absent in the former. It 1s this causal

element which we must take into account.

Just as everything in the old absolutistic
tradition must ultimately be reducible to a rational,
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metaphysical ground, so we may say that the Aristotee
lian logical concept of essence rests on a metaphysical
basis. The concept of éssences under the Aristotelian
class system is meaningless, unless one associates it
with the Stagiritets explanation Qf change and motion,

In the hylozoic cosmology which generally prevailed
throughout Greek and medieval thought, natural phenomena
were thought to move and change of their own accord., The
solution, however, of the problem of motion and change'was
not as simple as the above statement seems to imply. Fﬁr
Greek and medieval thinkers have always made a distinca
tion belween a propelling or activating agent and that
which is propelled or is acted upon, namely, the static
and the dynamic. If animism implies a vital or psychical
motivating agent, then nature or natural phenomena cannot
be conceived to be simple or undifferentiated, but must
be thought of as being sundered into activity and passie
vity, to use the language of Aristotla. We are not here
concerned with the long history of this implieitly and
explicitly implied dualism between the mover and the moved
in Greek and medieval thought, nbr with the intricate na=

ture of this problem. What we are interested in is the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



60

v nature of the causal element which by its dominance
in the Greek and medieval class concept has exerted

such a persistent influence.

The fullest realization of the thing's own
intrinsic nature or essence may be said to be the fune
damental notion of Greek and medieval metaphysiecs. |
The statement: "Realizing its own nature or essence,"
logically implies that the essence or nature of a thihg
is sdmething fixed and immutable, while the process of
realization is something tramnsitive, 1In the previous
chapter, we have contrasted the principle of spontanelty
with the principle of inertia., To say that a thing aets
or behaves spontaneously means that it acts freely out
of its own nature, But in saying that it acts of its
own nature is simply to beg the question, We immediate=
ly ask: What do we mean by the "thing!s own nature or
essence?® Pushing this query‘further and fﬁrtheng we
finally end by defining the “thing?s own essence" in
terms of fixity and immutability. ‘Thus the evolution
ary processes, i.e. transitive change and motion, are
secondary from the point of view of causal explanation,

-The effect of changé is potential in the cause. Whether
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this cause is 6onceived in terms of ends, (i.e, short
| of the external Final End of all), or, in terms of
form or structure, the point to be noticed here is
thet the causal concept in the Aristotelian as well
as in the Newtonian doctrine, is reduced to a single

term: Immutability or fixity.

Endless ohange, without any permanent goal or
without any ultimate principle of identity or perdu=
rability, is inconceivable to reason and the unders
standing. This inconceivability of endless changing
without any fixity or identity may be said to be the |
specter which has haunted metaphysicians at all times,
As an illustration of the old classical method of reae
soning on the problem of causality, I shall give a quo«
tation from Aristotle, although many others may be cited
to the same effect, In the Metaphysics 994 2] - bshy
he writes in part: "evidently there is a first prine
ciple, and the causes of things are neither an infinite
series nor infinitely various in kind, For (1), on the
one hand, one thing cannot proceed from another, as
from matter, ad infinitum, e.g. flesh from earth, earth

from air, air from fire, and so on without stopping;
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nor on the other hand can the efficient causes form
an endless series, man for instance being acted on

by air, air by the sun, the sun by Strife, and so on
without limit. Similarly the final causes cannot go
on ad infinitum, =~ walking for the sake of health,
this for the sake of happiness, happiness for the sake
sake of another sasssssss SO that if there is no first

there is no cause at all,"

v Searching for an ultimate principle in terms
of which the whatness, the whyness, and the howness of
the ssnsory flux is to be defined, the old rationalis~
tic tradition both of the Aristotelian and Democritian
veriety was more interested in Jogical consistency or
in thinking in terms of abstract principles rather than
in actual observation and experimenzation. The what:
ness and the whyness of things were thought to be rcot~
ed 1nran ultimate primordeal ground in terms of which
the‘howness must be explaine@. Since this whatness of
reality was identified with permanence or immutability,
the sensory flux became either illusory or an inegplie-

able miracle, Causal explanation here takes its point
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of departure from some ultimate,. immutable term,
This immitable term may either be at the beginning
or at the end of a series as in the case of efri;
cient or final causalitys. In a metaphysic, where
the ultimate term in a series is put at either end,
the cosmic or ontological reality, if you»wish,abe:
comes an organic interrelatad complex whole where

change and motion are nothing but spatial and tem=
poral 1illusions or appearances when rationally oon;
ceived from the eternal whole, Since the sense obw
jects are bound together by infinite causal series,

the task of causal reasoning is never completed un;
til that ultimate something is found which is the

cause itself, (Causa sui), or that of which the‘es-
sence involves its ekistenceg (Spinoza=Natura nas
turans). The world must be rational, and since per=
ceptual experiences do not reveal any causal relation
in the sense of rational connection, but mere sequences
of events (Hume and Mill) they are outside of the sphere
of knowledge or understanding. As W. P. Montague puts

it: "A world of none=sense is preferable to & world of

unreason. "
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The shift from teleological causality to
mechanical vausality was made at a time of implicit
confidence in the pbwer of human reason to 1ift the
veil which hides ultimate reality. But éuriously
enough, the activating forces which produced this
shift were rather pragmatic than rationalistic. As
long as science was encumbered by a method which
takes the complex whole as its subject-matten, quane
titative exactitude was out of the question. By rule
ing out all final purposes and other supernatural ine
fluences and reducing the sensuous to the simplest term,
that is atomic mass, post-Galile&n: physics seems to
have arrived at last at a method which both satisfies
the rational and the practical. But paradoxically
enough, the rational has been bcught at the price of
the practical. The concept of inert mass particles,
which may be‘satisractory to our wavering imagination,
makes change and motion an inexplicable miracle which
has to be taken simply as a brute and irreducible fact.
Change under the Aristotelian metaphysics could be ex=
plained in terms of an organic whole, But to explain

change by simply displacement or pearrangement of inert
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Now inconsistency and apparent contradice
tion between a theory and fact are not necessarily
fatal. The question is not whether a theory ultie=
mately fits into a coherent logical system, but
whether 1t is useful in supplying the scientist with
some form of imagery in his experimental procedure.
Thus the physicist uses the atomic hypothesis which
regards matter as discrete, and then may turn right
around and use any other hypothesis which presupposes
material bodies to be continuous as regards the space
they occupy. To say that a hypothesis is supplying
the scientist ﬁith,some form of imagery does not mean
that it gives him a pictﬁre of existence, but rather
that it serves him as a cue which promotes experimenw

tal research.
VII.

The confusion between an imegery as a definite
picture or model of existence, and an imagery denoting

only a hypothetical cue which is useful in promoting
scientific research, harks back to the old confusien,
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of causality with a logical or rational ground.

Paradoxical as it may seem, the identifica=~
tion of causality with some underlying rational ground:
or in other words,y the confusion of the causal with
the rational or logical may be said to be in a certain
respect the progenitor of the various forms of schalled
anti-rationalism which are running rampant in the pree
sent day. Now, it is a truth not to be made light of,
that some thinkers have at all times been conscious
of the fact that logical or rational thought cannot be
identified with ontological exlistence. Aristotle was
fully conscious of the fact that defining a thing is
very different from proving its existence. But the
light which flickered in this sporadic instance has
always been smothered by other dominant interests of
which the old ontdlogical proof for the existence of
God 1s a classical example. This particular phase of
the problem is, of course, quite outside of our pree
sent field. The point to be noted here islsimply this,
that anti-rationalism may be said to be in one respect
traceable to this old historical fallacy. The rations

~alistic tendency in contemporary thought may be traced
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to three general sources. First, the substitution

of some irrational principle, either in the form of

will or in the form of life-~urge as an ultimate ground
of reality, is in the final analysis nothing but a cerw
tain species of the search for the immutable. Seconde
ly, what else is the empirical positivistic dogma, which
we have already touched upon above, but a sort of quasi-
pathological=negativism which has never really come to
the realization and appreciation that intelligible ex=-
planation may be rooted in a purely methodological soil?
Thirdly, the presenteday confusion and speeulationvin
the so-called sub-atomic region is largely motivated by
the persistent predisposition of searéhing for the ul=
timate ground of reality. Finding that the traditional,.
accepted‘laws of physics are as inapplicable in the sube
atomic regions as they are in the so=called higher, vital
and mental area, anti=rationalism with its shibboleth
about dynamic energy,forganic life force, été& is ready
to discard a method which is intelligible or at least
imaginable within its restricted field of subjectematter
for a method which, at best, can only lure our unre=

strained appetite for explanatory theories into regions
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‘where it may be there simply is no explanation.

The two little words "how" and "why" in
their equivocal usage have alréady‘been cited as exe
amples of this old confusion between the logical and
the rational ground, The loose use of these two terms
by many writers of the present day 1is probably the
best illustration of the fact that the concept of cau=
sality is confusingly and unconsciously identified with
the old classical notion of a rational or super=rational
system, Thus even as eminent and acute a thinker as
Emile Meyérson invariably seems to identify causality
with the why of a thing and law with the how of a thing,
and yet the problem of causality is left in midair. Fer

instance, in his book, Identity and Reality, page 5555
he says in part: "We wish to Know not only how things
change, but also why they change." 1In another place he
says, "Chemistry cannot be a purely empirical science.
Mere demonstration of the phenomena leaves it as incom-
prehensible as it was béfore. The chemist must also be
interested in the rational or theoreticsl that explains
why the propertfes of matter result from those of the

elements which compose them."

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



69

Now, if we ask for the howness and the whyness
of the thing in the literal senSGQ# we certainly expect
quite different answers. If you ask me, for instance,
why I get up and go to the door, the question calls for
an 1mmediate teleological explanation. I may answer it
from the point of view of my immediate interest, and you,
not being disturbed at the present moment by any further
Socratic curiosity, would accept my immediate answer as
final or ultimate. But suppose the Socratic curiosity
would lead you on to analyze criticélly my immediate
answer as to shy I get up from the chair and go to the
door, where 1is the halting point in your further quesé
tioning=analysis? 7You wlll find yourself entangled in
an endless series of either final or effiecient causal
explanations. The only way that you are able to free
yourseif from the uncomfortable and embarrassing net-
work of causal series in which you are entrapped is by
cutting the knot and accepting any arbitrary theory

which may appeal to you as a causal explanation. But

* Or in reference to the thing's substantial
property as over and against its functional relations,
noted on Page 31.
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now suppose we turn the tables, and I begin t0 ques=
tion you as to how you arrive at a certain explanatory
theory. Immediately the question takes on a different
aspect. I now ask you to give an account as to how you
arrive at your present explanatory theory of why I getl
up and go to the door. It is now up to you to give an
explanatory account of the underlying mechanism which
produces your present explanatory theory. While the
former Socratic inquiry led both of us to pursue the
problem of the whyness in a finalistic or forward die
rection, the question,as now put,would force us to pur-
sue it in a backward movemeni, The full answer to the
first query as to my purpose in getting up and going
to the door is never reached until the ultimate and
final purpose of reality is known. Since this is be«
yond the power and capacity of human reasoning, the
metaphysical and theological systems which are the pro«
duct of this quest are nothing but an arbitrary closing
of the door to reason. Thus, whether ybu pictnre the
universe as an organic or pantheistic whole or as
governed and regulated by a Divine Being is, after all,

nothing but a product of your reasoning pcwexﬂt It 1s
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now up to you to give me an expbanatory account of

| the mechaniém underlying this reasoning process. In
doing this there is a large variety of explanatory
categories at your command, You may choose, if you
wish, the shortest and most direct route by resorting
to many forms of supernatural categories, But suppose
you choose to remain on a strictly naturalistic plane
by choosing categories that are somehow within reach
of our human understanding. Where would you hegin in

your analysis of the reasoning process?

Suppose you begin on the anthropological or
socialstychological level by saying that the reasonse
ing process is explainable in terms of some purely.
social mechanism -- say that of habit, imitation, sug-
gestion, etc. At once the question will be asked, what
are the components of this social mechanism? Remember
we are here wholly concerned in explaining how pheno=-
mena come about, and this from the pbint of view of
substantive causality is impossible without the assumpe
tion of an underlying structural mechanism. Again this
structural mechanism is only intelligible when c&nceived

in terms of its components. So in asking what are the
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components of the soeial-mechanism, we are forced

to take into account the next level,which is fhat

of the so=called psycho=physical individual. But

no sooner havg?beached this level than the inquiry
proceeds to take us downward again. Omitting for

the sake of simplicity the old aggravating and per-
plexing problems of the psychical and vital factors,
without which our psycho=physical individual has no
reality, let/us at once reduce it to its physical and
chemical basis. Our search for the homogeneous come=
ponent of the mechanism underlying a psycho=physical
individual turns out to be just another mirage, For
the physiological processes 6f the brain and nervous
system are dependent upon highly complex and hetero-
geneous components and our search for an explanatory
mechanism is never completed until we know its homo=
geneous components. In analyzing this neural mechanw
ismg,we again find it to be composed of highly,hetéro-
geneous physical and chemical components. For on
reaching the physico=chemical level, we still are far
away from all homogeneous components for which we are

searching. The chemical compound is highly hetero-
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. geneous and the atom which was supposed to be homoe
geneous is, according to modern speculation, a highly

H
complex microcosm,

VIII.

So long as scientific explanations are based
upon a causality concept which has its historical set=
ting in what might be called the Apollinian tradition,
they proceed on the two general presﬁppositions: that
every event is ultimately the effect of a determinate
cause and that everything has a rational ground for 1its
being and existence, -

Now, this old rationalistic tradition, as we
saw abovea‘hagizﬁﬁén its deathblow by the post-Humelan
and positivistic revolution in science and philosophy.
The revival 6f the Dionysian temper or world view in
modern philosophy has dethroned the intellect from its
soverelgn position and reduced it to the artifice of an
irrational will., The old classical point of view,with
its emphasis upon logical and rational selfeconsistency,

has given way to the romantic temper whith emphasizes
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action and adventure into the irrational rather than
contemplation or rational analysis. As a consequence

of all this, the concept of causality has been reduced
to nothing but laws of recurrence and succession in
time. In the old Apollinian or rational tradition,

the causal concept had been founded upon the principle
of identity or immutability. The whyness of a thing
received its complete meaning in terms of the complex
and interrelated organic whole. (Telology, vitalism,)
The "whatness" and the "howness" of a thing must be
explained in terms of its underlying, substantial come
ponents of homogeneous elements., (Mechanism,) Since,
according to cbntemporary thought, there 1s no absolute
or closed system nor homogeneity, the whatness, the why-
ness, and the howness of a thing have lost their origine
al and traditional meaning, The essence or the whatness
of a thing does not,consi$t in its intrinsic constitu=
tion or makeup, but in its role in avfunctional situation.
8ince,scientific explanations do not rest on substane
tial properties, the knowledge of the whatness and the
howness do not consist in the apprehension of any sube

stantial structure, but in the knowledge of the characw=
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teristic behavior which an object displays when
brought into relation with other objects or things.
In short, scientific knowledge consists in the ace
quaintance with law. We have defined law as an exe
pression of relationship or functional behavior of
objects on the basis of certain abstracted propere=
tiles. That is, law is a description of the rules or
conditions under which phenomena display a reéurrent
functional relation. Taking their departure from
change and motion, scientific laws are wholly cone
cerned with the process of phenomena and not with

the intrinsic nature of phenomena themselves. 1In so
far as law is a descriptive formula of a unique beha=
vior on the part of phenomena, it only deals with a
phenomenon on the bgt&s of its functional relations
and ignores more or less the substantial nature of the
thing. Consequently, we attain laws only by doing
violence to the concrete object by isolating, more or
less artificially, certain unique properties of the
complex whole. Let X stand for the substantial cone
stitution of a thing, in this case oxygen and Y for

another thing in its substantial constitution, here,
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two parts of hydrogen. law, as suchj, 1slneither cone
cerned with the substantial nature of X and Y, but
wholly and alone in the interaction or behavior when
X is brought in a peculiar relation to Y. Law merely
formlates the manner in which change occurs when X

is brought in relation with Y; and not with Y nor with
X, as denoting static substance or objects as such.
This generalization of the observed regularity of see=
quential happenings when X is brought into relation

with Y may be called the essence of functional law.

Being but a methodological or descriptive sume
mary of observed regularity in the sequences of events,
law can tell us only that things happen in a fixed ore
der. Yet, according to Meyerson, it is said that the
cause of phenomena is the law. Knowing the law under
which certain phenomena manifest themselves, means to
be able to describe them, which in turn means, that on
the assumption of the uniformity of nature, we are able
to prédiet their future behavior. Now, if law de-
scribes a constant mode of behavior to such an extent

that we, on the assumption that nature acts uniformly,
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are able to predict the future, what is all the
fuss about explanations in terms of "the how" or
fithe why" ? If science, by systematic and metho=
dical observation and mathematical tabulation is
able to discover the rules or modes under which
phenomena invariably reveal themselves, why worry
about explaining them in terms of any underlying
substantial component which the o0ld traditional sube
stantive causality always assumes? So long as the
0ld notion of thinghood, which always is defined in
terms of its substantial property, is uppermost in
our mind, then the old bugbear of explanations in
terms of an underlying, substantial mechanism will

- haunt us. Hence, the slogan of contemporary re
lativistic and functionalistic methodology is that
scientific concepts must be defined in terms of their
operation rather than in terms of any intrinsic sube

stantial property.

IX,.

Let us examine this so-called operational

method a little more elosely,* Several questions must

* Since this chapter is limited to the practical
aspect of scientific methods, we shall not concern oure
selves here with any logical or theoretical implications.,
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now be considered, 11, If science can deal only with

a plurality of functionally ordered data, i.e., a plura#
lity of whatnesses in terms of which it seeks to get at
the howness or the law of phenomena, how far does this
method give us what may be called an explenation of phe=
nomena? 2. What do we mean by saying that law explains
a particular phenomenon? 3. Does rationality, in the
sense of conceivability or imaginability, play any role
on the modern scientific stage? If so, what office and

role does it perform?

Aécording to traditional mechanism, physical
éhange could be interpreted only as variation of spae
tial relation among unchangeable elements. Thatlis,
change is simply the rearrangement or displacement of
immitable elements. (Democritus.) In explaining phee
nomena in terms of subsimatddl properties, we are forced
to asaume e mechanism composed of homogeneous parts.
Now, since the supposed indestructible atoms which were
believed to be the homogeneous elements have been found,
according to médern physics, to be highly complex and
heterogeneous, discursive thought finds itself threatens

ed with bankruptcy in offering explanatkon in terms of
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rational or intelligible underlying mechanism. Hence,
causal explanation in the sensé of an assumed undere
lying principle of identity had to be abandoned and
science must be contented with abstracting certain funce
tional properties for the sake of observation, experi=-
ment and tabulation. Now,(just what do we mean when we

say that the law explains a phenomena?

The guestion is complicated by the hypothetical
principles which serve the scientist as a preliminary
guide in collecting and organizing his data. Without
some sort of hypothesis, the sclentist would not get
very far in his work, In using hypothesis, the scien=-
tist is forced to encumber his problem by the intrusion
of a causal element in a quasi=qualitative or even an=
thropocentric form, That qualitative theory wilill plays
and always will play a tremendous role in scientific re=
search, is seen ﬁhe moment we Step outside the realm of
the physical science. And even here many hypotheses of
physics rest upon substantial properties which are quasie
qualitative in nature. Thus ridding science of all quae

litative and ahthropomofphic elements is nothing but an
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ideal which can only be approximated. If this is
true, the aim of the operational method to rid
science of all so=called substantial propertlies and
turn it into a purely quantitative manipulation of
functional property is a plous dream, the realiza=
tion of which 1s as yet far off, But let us sup-
pose that this ideal of science is attainable, What
would be the result from a purely positivistic poinx

of view?

If our definition of scientific law is well~-
founded, it is perfectly obvious that law as law can deal
only with the abstract functional relations which pheno=
mena display. When the scientist deals with a particu~
lar phenomenon, he breaks it apart and extracts af 180«
lates a ceftain functional property or character for ob-
servation and experimentation. 1In doing so0, he must ige
nore all the other properties which the object may pos=
sess or display under different relational conditionsJ
Now observe that the more compléx an object becomes, the
more numerous are its functional relations. Since it is

the aim of law to isolate a particular functional rela=
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tion for experimental purposes, all other irrelevant
connections, which the object under experimentation
possesses, are 1gnored$* This meansj, to put it
tersely, that the greater the number of functional
relations which an individual or particular possesses
or displays, the less it 1% covered in its entirety
by the law, Or, to put it a little differently, the
more complex a particular object is, that is, the more
functional variability it displays, the further is law

removed from the particular object.

Permit me to illustrate the‘point concretely,
Suppose we start with the most heterogeneous object or
individual that we know of, which is a fully develope@ﬁ
particular John Smith, John Smith displays an infinite
number of functional relations, Suppose we roughly clase
sify these relations as social, psychical, vital, chemical
and physical. In the previous chapter, we have drawn a
vertical line between the so=called pure and exael! science
and the biological and social science which we have calle

ed descriptive, Let us here now turn this into a horizon-

At

* This difficulty seems comparable to that which
Whewell noted in his criticism of Mill%s Canons. See J.S.
Mill, A_System of Logici, Longmans, Green & Co.l 1930, p.282.
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.tal division. This means that our John Smith, from
the scientific point of viemg is an object possessing
an infinite variety of functional relations, which we
have, for mere convenience sakég grouped into five
general classes, Now, if we remember what has been
said above in dealing with a particular or individual
on the basis of substantial properties, the old scien=
tists were primarily interested in reducing this highly
complex object to its ultimate simple compoments, So
long as the traditional scientist could not find these
ultimate simple components, he could not construét a
mechanism in terms of which he sought to explain his
complex object. 1In other words), he was interested in
the "what" and the "how" in their literal, substantive

sense.,

Now observe what happehs. All substantial proé
perties or atiributes are supposed to have been elimi=
nated. The scientist is now chiefly interestéi,‘nob
in disseéting'the complex whole in order to find an un-
derlying explanatory mechanism, but rather in extracte

ing certain functional relations for the sake of ob=
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servation and tabulation, Observation and experie
mentation are now directed toward a mean or average
reading rather than toward a serach for an unders
lying, explanatory mechanism, Science consists from
this point of view in a methodological perfection in
establishing a high coefficient of correlation in re=
lations, Experimental scientific progress consists
in the perfection of method, which consiéts in nothwe
ing else but the elimination or reduction of probable
errors involved in all measurements and tabulations

up to, or at least approximating zéroJ

Since the scientist is merely interested in
functional relations, he is free to begin his invesw
tigation anywhere along the scale of ascending come
pléxity or heterogeneity, For Theoretically speakings,
the terms homogeneous cease to have any other but dee
sceriptive or methodologicdl meaning. Hence, the pare
ticular or _individual as such has ceased to exist.
The physicist can no more reach his particular by the
ideal of exactitude demanded by logical reasoning than
can any other scientist. So, why should not the sub- |

ject=-matter of the anthropologist, sociologist, psy=
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chologist and biologisti, ete. be just as susceptible
to methodical observation and quantitative tabulaw=

tion as the subject-matter of the physicist or chemist?

Let us look at these arguments of the so=called
exponent of the operational method or, if you like, the
logic of statistics, Several curious confusing and
paradoxical consequences, both theoretical and prace
tical, are here involved. In the first placegﬁthe are
gument that the physicist or mechanist can only approxie
mate the real mﬁgnitude of a thing is, in the final ana~
lysis, nothing but the old Zeno puzzle popping up in a
new dress. That the actually perceived metal bar only
approximates'the unperceived ideal bar is so obvious
that 1t seems perfectly silly even to bring it forth as
an argument, To take it seriously in any sense would
mean nothing less than to become another victim of the
error of confusing thought with ontological existence,
which Aristotle and many other thinkers warned us against
long ago, Since we have above defined law as an ideal
construct, it follows from the vepy definition of it
that it can only approximate the particular or indivie
dual. But the degree of this approximation of law to
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the particular is of preemiment importance, as we

have already noticed, On page 255{1t was stated that
the chances of approximating the particular or indie
vidual seem to be greatest in that field of subjeclts
matter, where mechanistic methodology is most effective,
In other words, the chances of discovering a constant
correlation between events through statistical tech-
nique are greatest in the sphere of the co=called

purely quantitative sciences,

Suppose we grant, as in fact we already have
done, that all scientific laws are the same in their
status and origin, Does it follow that in their actual
operation they are on the same plane? The methods by
which the physicist‘or chemist derives the law may be
essentially the same as the means by which the sociolo=
gist or psychologist'obtalns his laws. The psycholo=
gist can just as ably isolate certain factors for the
sake of experiment and tabulation as the natural scien~
tist. In measuring capacity by mental and educational
test and scale, the psychologist is only concerned with
those factofs relevant to his purpose, ignoring all other

irrelevant variables. But note that the properties which
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the b;ologis#m psycho1ogist3 anthropologist, etc,,

are forced to ignore, in establishing a particular
law, are essential to the makeup of the whole‘indi;
vidual. Testing capacities like motor response or

the ratio of different types of plant and animal

in cross:breeding, the psychologist and the biologist
arrive at something which seems constant over a relaé
tively large mumber. of individual cases, for examplel,
the so-called I. Q. or Mendelian ratio. But this con=
stant 1s a highly artificial thing in comparison to
that constant of chemical affinities, Qr~moré exactly,
that constant which 1s éxpressed in the simple laws of

mechanics,

law, as we defihe it above, simply states the
way a certain phenomenon behaves under certain uniform
conditions, But by stating the functional behavior, it
must take into account some form of substantial proper;'
ty. Phenomena cannot be réduced to a bundle or an ag-
gregate of functional relations. To reduce reality to

pﬁrely Tunctional relations would make the phrase “func-
tional relation“ meaningless., Some form of substantiali;
ty or thinghood 1s implied 1n the phrase "functional re;
ldtion," Otherwise the law revealing the mode of be;

havior between phenomena would be meaningless, To speak

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



82

about the acceleration of gravitation without take

ing into account mass and distance, would be talking
-sheer nonsense. To speak about functional relations
without at least assuming some form of "whatness" or
thinghood to begin with, would be nothing but a re=
ductio éd absurdum, But we are not concerned here with
the theoretical side of the question; what we are ine
terested in is its practical application, If the con=
cept of thinghood cannot be crowded out of the logical
sphere, it certainly cannot be eliminated from the
sphere of science. This means that even from the
point of view of the operational method, the subject=
matter must be taken into account., If this is true,
then the statement which was made abovegi;-that sclen=
tific progress consists in the perfectidn of method,
or, in other words, in the elimination of probable
errors to a minimam point == is true only in so far

as the subject-matter under investigation is taken
into consideration. lLaw dealing only with the funce
tional relations which phenomene display is in the
final analysis most effective in that subjectematter
which by its very nature is limited to the least o~

variety of relatioms. This means, in shorti that the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



88

operational or statistical method can attain a

high degree of effectiveness only in the field of
the so=called physical sciences., Of the ridiculous
consequences in contemporary thought which result

from the worship of method for method's sake, we

shall have a few words to say at the énd of the chap-'
ter. The point to be noted here is: that in the ac-
tual operation of law the particular nature of the

subject-matter will be of the utmost importance.

The mere reading of the mean or average
would never have fired the enthusiasm of an Archie
medes or a Leonardo da Vinci. It was the simplicity
of the laws of the lever and the fulerum in their
almost identical approximation to actual concrete
nature, which stimulated and nourished their imaginae
tion. Working with these simple principles not only
enables the physical sclentist actually to explain
his circumsceribed phenomena by visualiéing the de-
termined connection, but also to draw farereaching dé-
ductions, which would not have been possible with law
dealing with a more heterogeneous subjecte-matter. lLet

us onee more repeat our former dictums the more homo~
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geneous functional relations become, the closer the

law approaches determinate connection; and the closer
the determinate conneetions are, the more they yield to
intelligible explanation. ;;ppose you ask me how I
move my arm, ‘We have above classified functional re-

—

lations~-on an ascending scale of complexity or he-

terogeneity~-~into five general groups: physieal,
chemical, vital, mental and social, All the proper=
ties are, undoubtedly, somehow involved in this pro:
cess, But I am able here to ignore the more hetero:
geneous properties and to give you a perfect, intelliw
gible explanation on the basis of purely physical or
mechanical properties.v'Applying the simple law of the
lever, I am able to give you an intelligible explana:
tion as to how I move my arm. The bones act as levers,
The fulerum is the joint, The weight is the member
that is moved, and whatever is holds, The power is

the pull produced by the end of the muscle or tendon
at the place where it is attached to the bone. To 1lift
my forearm the bieeps muscle of the upper arm contracts
and pulls upon the radius béne a few inches below the el=-
bow, The power is between the fulerum and the weight.

(Power x power distance ® weight x weight distance,)
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In the light of the foregoing, let us again
ask, what is meant by the statement that law explains
phenomena? This brings us to the crux of the whole
issue, Functional law, as we have defined it, is cone
cefned with the relations subsisting between elements
of fact which can be concretely observed and controlled@
When I say that water freezes at 32°F, I am only affirme
inging a series of facts which every chemiét and physie
cist can verify. Now, if law, accprding to our definie=
tion, can only concern itself ﬁith certain functional
relations subsisting between “whatnesses", why is it
that we still draw distinction between so=called pure
and exact sciences,like chemistry‘and physics,and those
sciences which merely attempt to describe their éubgecth
matter on the basis of observed regularity of behavior?
Both seek facts which can be verified by observation
and experimentation. Furthermore, if our def inition
of laws is wellafounded, why should not the social
scientist be Just as able to describe his factual ma=
terial in terms of law as the physicist? For instance,
why should not social behavior, as, let us say, adap=

tive reaponse to any environmental stimull, be Jjust
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as susceptibda to law as those physical properties

of temperature and pressure, varying only in degree

of exactness? Since, by hypothesis, the law holds
only in reference to certain isolated properties, to
the execlusion of all others entering into a particu-
lar or individual, why is not a method which is merely
concerned in selecting and isolating certain functional
relations for experimental purposes just as effective
in one field of human interest as in another? Suppose
we are dealing with such a property as mental capacity.
The experimental educational psychologist can select a
characteristic relational situation for this property
which, in this case, is the capacity of efficient res
sponse to social environmental stimuli for the purpose
of measurements and tabulation. Let us grant that he
may be able to establish through statistical proce=
dure a high degree of correlation of this particular
type of reaction which is found to be relatively unie
form or constant in a large number of cases, Furthers
more, suppose that both the methods and thé conditions
do approximate as closely to mathematical exac;itude

as is humanly possible, why is it that the statistical
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laws of sociology, psychology, etc, can never attain
as great a degree of reidlability or constancy as a

physical law or the law of chemical affinity?

The question has in part already been answer=
ed. Throughout the discussion we have treated law un=
der three headings: 1. Its status or meaning. 2. Its
genesis or origin. 3. Its actual operation, In the
definition of functional law as éstablished rules of'
uniform behavior existing between things or events, we
have laid down the general proposition that all scien=
tific laws ultimately have the same genesis or origin,
But we have said that in their actual opération, or,
if you will, in their application, there exists a wide
gulf between so=called physical or chemical laws and
those laws covering such4suhject-matters as psychology
and the various social seciences, In examining sclentis
fic laws in their modes of operation, two things must
be noticed: 1. Law and its relation to the particular
or individual, 2., Thebtwo~fold meaning of explanatory

law.

From the preceding discussion, the first point,
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pertaining to law and its relation to the particular

or individual should be obvious, It simply follows from
the dictum which we must repeat here, =~ the more com-
plex a particular subject-matter under investigation
isj,| the fewer are the possibilities that it can be
covered in its entirety by a law. However, before we
discuss the second point in refergnce to the actual
operation of law, that is, the two~fold meaning of law
as a causal explanation of phenomena, let us linger ==
even at the risk of tedious repetition on what has al=-
ready been said in this and the first chapter == on the
so=called fact=finding mania, which is a direct outw

growth of the statistical or operational method.

That scientific knowledge is ultimately de-
rived thrbugh a sort of statistical procedure is a com=
mon opinion of many modefn and contemporary writers**
But curiously enough, there is a certain vagueness iﬁ
regard to the distinction between statistical methods
and that which is called unchanging law or scientific
law per se, Statistical method may be said to deal

with assemblages, or groups, in.terms of which the

*

See Merz, Histo of European Thought in the
Nineteenth Century, Vol. 1I, Chapter Xils %, 548626 o
Boasj,i Our New Ways of Thinking. Harpers.
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averages or correlations are described, 1In other
words, 1t deals with relatively uniform behavior of
certain isolated functional relations belonging to

an aggregate of things or events, It pertains to the
mean or average reading. The individual or particu=
lar has feality only in so far as he or it dtsplays a
certain functional habit approximating the average,
While statistical method may be said to:deal with a
certain characteristic or a functional relation, if

you like, belonging to an aggregate of things or events,
law may be said to be an expression of the appearance
of a certéin unique mode of invariable behavior. Staw
tistics may be said to be the preliminary technique
through which we learn how things behave of operate in
relation to other things or events, or, in other words,
the preliminary through which we become acquainted with
the operation of law. To speak of statistical law in
contrast to physical or mechanical law as if the dise
tinction were a matter of kind leads only to confusion

%
and ambiguity. lLaws, as we stated, are all on the

Bl See C, F, Mills, On Measurement of Economics.
From The Trend Of Ecohomics, p. 37-66,
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same level as far as thelr status and origin is cone
cerned. It is only when we come to the actual operaw
tion of law that there is a difference, but this dife

ference once more is not a matter of kind but of degree.

In discussing law in its relation to the par-
ticular or individual, probably the shortest route
leading to our destination is again to take refuge in
the "what" and the "how", When sclentific concepls are
founded upon substantial properties, then the "whatness"
of a thing consists in its ultimate, substantial struce
ture, and the "howness" consists in the function or opera-

“tion of the components of this substantial structure. On
the other hand, when scientific concepts rest wholly upon
functional relation, then the "whatness" of the thing
consists in its specific functional relation to other
things; and the "howness" is simply the law or rule ex=

pressing this functional relation.

Since law in its origin is nothing but an em=
pirical generalization of the way phenomena behave un=
der uniform conditions, it has no need to postulate a

substantial essence in terms of which the behavior of
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phenomena is explained, for the essence or the “"what-
ness" of a thing consists in the unanalyzed data of

the situation and not in its inirinsic substantial
properties. The "whatness" of hydrogen here does not
‘consist in its intrinsic material or electronic natursj
but in its behavior or function in relation to other
elements. Knowing the specific function or behavior

of X in relation to Y, we know 1ts "whatness", The
simpler a subjecte-matter under observation is, the feww
er functional relattons does it possess. Take a simple
phenomenon like freezing, Its "whatness" consists in
temperature and pressure and the unanalyzed ﬁhing to be
frozen, Now, if we examine phenomena on the basis of
increasing complexity, we find that the "whatness" be=
comes a complex of heterogeneous, functional relations,:
which defy all effort to bring them into harmonious
unity. It 1svjust this difference in the relative come
plexity of subject-matter that biology, psychology and
the social sciences deal with, which forever will bar
these sciences from approximating the particular thing
or event to that degree reached by the laws of physical

science. Thus, the psychologist or social scientist
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may be said to deal with a plurality of hetero-

geneous "whatnesses" or functional relations, which
he cannot bring into a homogeneous unity; hence, he
does not deal with the concrete particular or indi-

vidaal.

Paradoxical as it may seem, the application
of the statistical method in fields outside of the
natural sciences, tends to remove the concrete indie
vidual more and more out of the picture, Aside from
‘the almost insurmountable difficulty of eliminating
the personal whim and capfice which enters into the
so-called'mean'reading on this plane of research, the -
real barrier blocking the path toward an objective
treatment of psychological and social phenomena lies
in the fact that the concrete individual is nothing
but a bundle of disconnected averages which he sup=
posedly shares with a selected group. The fact that
the application of the operational methbd, in the
field of so~called social sciences, leads to a sort
of revival of the old Aristotelian class concept al«

~ ready has been discussed in the first chapter,
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Now it is true that many of our social scilene
tists and‘psychologists in various fields of investi=
gation fully recognized the limitation that statistical
measurements can only deal with an individual on the
basis of the average, But the difficulty or limitation
of statistical 1nvestigation seem for these sclentists
to be traceable to two sources: 1. The difficulty
which confronts every scientist in eliminating the per-
sonal equation and treating‘his subject-matter objece
tively is greater and becomes more prominent in the
field of psychological and social sciences than in the
sphere of strictly physical science, 2, The difficulty
which the psychologist and social scientiét encounter
in the methodological treatment of their subject-matter,
This last point particularly has been emphasized, Pro=
gress in the investigation of social and péychologieal
phenomena lies in the direction of a gradual refinement
of method, Hence, we are living in the day where the
sole emphasis seems to be put on the exaltation of me=
thod for methodt's sake. Just as the old school of

scientific thought worshipped at the shrine of some ule

timate metaphysical system, so our contemporary friends,
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particularly in the field of education and social
philosophy have exalted methods as their god ﬁér;wcr;
ship. Of the ridiculous andeeplorable consequences
of this worship of method for method's sake, we can=
not concern ourselves, But one point must be noticed.
No amount of effort on the part of scientists to exe
tricate the personal equation entering into the mean
reading nor any mathematical refinement of statistical
method ever will overcome the obstacle which blocks
the path toward scientific knowledge of the particular

or individual outside the field of natural sclence,

Curiously enough the very refinement of mew
théd'tends to remove more and more the concrete indie
vidual and sﬁbstitute for this individual an aggregate
pr congloﬁeration of what we have called functional ree
lations. Women, according.to statistical figures, are
said to excel in speed of reading, both oral and silenti,
in amount of information given in describing an object
or in making a report, in memory span for words, in
~ memory for logical verbal material; while men and boys
are said to be superior in motor capacity, such as tape

ping, quickness of reaction, arithmetical reasoning,
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and in resistance to suggestion as indicated by the
sizéaweight illusion and the use of such suggestive
questions in testimonies, But what are these so=

called characteristic differences between the two

sexes obtained through statistical counting, but ab-
stracted, functional distinctions derived through the
mean readigg? Now, we are nol concerned here with the
value of such statistical knowledge, That 1is beside

the question. The point is that such isolated, func=~
tional characteristics as sex=differences do not charace
terize any particular individual either in whole or in
part. And no psychoiogist or social scientist would,
when sobered by common sense, pass judgment on a parae
ticular case in terms of these abstracted characterise
tics acquired through the mean reading. If he does
Jidge a particular individual in accordance with these
characters, his eyes are nﬁt on the concrete individual
before him, but on abstfactions which are derived through
the mean reading. The concrete individual has ceased to
be an organic uniiy and has become an aggregate of funce
tional relations or functional "whatnesses" which are

equated on the basis of the group average . In other
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<words; the individualg.as you and I see him, has
ceased to exist in the pyes of the so=called prow
fessional expert and is nothing but a bundle of dis=-
anhnected'averages or correlations «~« coefficients
which are registered on the tabulating sheet. Our
forefathers were said to be worshippers of logical
and qualitative essences, but isntt it probably true
that we in the modern age have upéet the balance in
the other direction by becoming worshippers of number
and equation idols, which may be said to have usurped
the place of the old logical and qualitative essences?
Intellect, in the old days, was invested with the di-
vine power of unravelling the mystery of reality, but
intellect in the modern day seems to have become noth-
ing else but a sort of adding and tabulating machine.
This brings us to the second point to be considered
with reference to the actual operation of law, and

that is the two-fold meaning of explanatory law,
XI.

The question of explaftion is in mapy respects.
closely related to the causality coneept., We have in the
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earlier part of this chapter discussed the causality
concept in its historical setting. We have further
disengaged the concept of law from the concept of caua
sality., The sundering of the two concepts is arti=
ficlal but possible as long as law is discussed from
-the point of view of status and origin, but when it
comes to an examination of the actual operation or
function of 1aw, we inevitably invite an exposition

of the causal concept, Now, we cannot again go into
any expository treatment on the concept of causality.
This has been done as far as it is pertinent to our
problem in the earlier part of the chapter. But two
points must be briefly considered in our conclusion.
law, as we have defined it, is a descriptive formula
of the behavior of phenomena., When the law invériably
approximates the behavior of a particular phenomenon,
we talk about an actual connection existing between
elements of facts. When two chemical elements are said
to km invariably combine, we assume the existence of a
causal connection between them. Now the two points to
be briefly considered revolve around the question as

to the nature or status of this connection,
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Is there a relation between the degree in
which law approximates the particular and the raw
tionality or imaginability of the mode of its opera-
tion? 1If so, what is the relation? We are treading
on very dangerous ground. The question becomes come
plicated and involved by the conflict between, what

we may call, rational motives vs. instrumental motives.

Intellect is inclined toward simplification
or, what according to Meyerson appears to be the re=
duction of the irrational to a minimum. On the other
hand, the flux of actual perception has defied all ef=
fort on the part of scientists and philosophers to res
duce it to simple terms. "No teaching of physics,"
says Duhem, "can be given under a form which leaves
nothing to be desired from.a logical point of view;”*
Law,‘as we have stated above, is founded upon change,
which means that law rests upon an irratiohal basis,
Motion by impact and action at a distance are two ire

reconcilable contradictions from the point of reason as

well as common sense. Nevertheless, the atomic theory,

3*
Quoted from Meyerson, Identity And Reality,p.409.
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grounded upon the concept of inertia, has given physics

a substantial "whatness" infterms‘of which the "howness"
or the laws could within a certain 1limit be made intelliw
gible, or at least imaginable. Now, it is true that in;
telliglibility or imaginability are not necessary ingre=
dients 8f a hypothetical explanatory theory. The very
fact that the complexity or heterogeneity of natural phe&
nomena has resisted and always will resist the effort on
the part of intellect to reduce it to any simple and ule
timate formula is a truth which every scientific investi-
gator always has realized, Hence, the acid test of the
truth of a causal explanatory theory does not lie neceéé
sarily in the question whether it is ultimately satisface
tory to logical reasoning, but in the question as to its
utility in giving us a better control of phenomena, In
contemporary scientific thinking, the veridicality of an
explanatory theory lies in its approximation to the ace
tual observable phenomena, and not in its conformability

to reason.

With the abandonment by science of the search
for the ultimate metaphysical nature of the "whatness™,

scientific interest, ever since the time of the Renaiss
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'sance, has been focused more and more upon the "howness"
or upon law; hence, the concept of causation, in the old
traditional absolutistic sense, gave way to the concept

of law., The search for law go%erning nqtural phenomena
has become the foundation upon which modern science rests,
The concept of the substantial "whatness" of reality, whea
ther it is ultimately material, ekectrical, or what noti,
rests more upon pragmatic than upon rational grounds. The
question is, how well does a hypothetical theory as to

the nature of ultimate reality explain the operation of
law, and not whether this theory gives us an intelligible
explanation of reality itself. The interest in law is
primary. Interest in causality, in the old traditional
sense discussed above, is only secondary and pragmatic,
The concept of substantial "whatness" and "howness" graduale

ly gave way to the concept of the functional "whatness.®

Seientific explanatory theories as to the ulti-
mate nature of the "whatness" are looked upon as purely
instrumental in helping the scientist in the organization
of his knowledge on the basis of law. This increasing
emphasis upon the "howness'™, or law under which phenomenon

manifests itself, has increased our knowledge of the actual
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properties of matter tremendously. By concehirat-
ing the actual behavior of phenomena rather than on
their ultimate, substantial nature, science has not
only revolutionized our mode of living, but has been
instrumental in revolutionizing our mode of thinking,
‘Thinghood may be said to be the primary categqrieé of
the old school, while relations, change, function and
- operation are the chief interests to contemporary
thought, The validity of a theory as to the substane
tial "whatness" is not foundgd on any rational basis,
but pureély upon the question of how well does it serve
the scientist in explaining phenomena? A substantial
"whatness" is said to be valid when it is instrumene
tal; that is, when it actually enables us to bring a
given particular under the control of the experimental
facts of specific investigation. Displacement or re=
arrangement of mass particles does not explain the
emergence of new qualitative properties., The theory
of other vibrations does not permit the scientist to
say that color is derived from or are due to these vi=
brations, but 1t does enable him to describe and predict

variations in color in quantitative terms. This means
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that substantial concepts cannot be wholly banished
from the scientific sphere,

If in the process of measuring and establishe
ing purely quantitative correlations, some imagery is
required to make the operation of measurements picture
able, then the question as to the nature of this imagery
is not necessarily forelgn or negligible to science, By
reducing the sensuous to its lowest terms, -- figure and
motion, post-Galélean: physics has worked with categories
that have lent themselves within a restricted field to

the grasp of the imagination,

Since mathematical tabulations of observed bee=
havior of phenomena will always be considered as more
or less ﬁreliminary in finding a causal and connecting
principleg-the particular nature of this principle will
not be merely secondary to science, By its émphasis and
slogan that theories and hypotheses must always conform
to the concrete empirical datum, and not vice versa, the
sequential theory as a subsidiary to the operational mee
thod has enabled the scientist to discover laws which
may come closer to describing the actual process of phe=

nomena than the 0ld causal theories which mere more or
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less shackled by rationalistic absolutism, But the
real effectiveness of the sequential and operational
methods as a scientific program has been limited to
Jjust that narrow and circumscribed subject-matier of
physical phenomena where mechanistic methodology has

been effestive.

So long as it 1s partly the business of science
to offer some explanation of phenomena, its interest
will consist in something more than mere acquaintance
with de facto connections between phenomena discovered
through the method of observation and tabulation. It
must also be interested, at least tentatively, in the
knowledge of the substantial "whatness" of these cone
nections, Now, the "whatness" here cannot denote mere
functional relation, which would be nothing else than
de facto connections, for in that case the entire notion
of explanatory theory would be meaningleés; Hence, the
"whatness" here mus£ denote substance or thinghood in

some formgy

Now it may be true that all our knowledge of

the characteristic laws of inorganic matter is derived
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through statistical averages resulting from what
Whitehead cailed the "confused aggregate.," The ul=
timate substantial "whatness" of this "confused ag=-
gregate", or the ultimate nature of the individual
or particular making up this aggregate, may be for-
ever hidden from écience, Nevertheless, the "whate
ness" with which sclence déalg can no more consist
merely in‘abstraot relations than can the world of
solid objects perceived by common sense. Truei, the
object that science deals with is highly artificial
and abstract compared to that of common sense., But
no matter how artificial and abstract its categories
may become, science can no more live and prosper in
a totally desubstantialized universe than a fish can

live out of water,
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