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BOLES CF NICGHTIIESS,

L hope %o have shown In my first b leetwres that the bearing of
a Tormalism on the facts of ¢ perience can be eztobliched enly by the
personal partlcipation of the scientist. This participation has two
interrelated acpeets; namely i%s own skilfulnese and the appraisal of
an orderly pattern in aature, I have shown alsc that wherever skill
is exeroised or coherence is appraised, we evtablish a focal knowledse
of a ecnprehensiva vhole in terms of cuwr subsidiary aviareness of ite
particulars. I have clven a nusber of examples %o show thas this lind
of pepsonal hnewledge is nob specifiable in terms of ite more impersonal

particulars. Uspersonalisation parvalyses the skill which is being
practised and dastroys any meanine that is being apprecilated.,

However, inis ineistence on cur persomal partizipation in the arg
of knowing weg mol meand %o pglve lilcence to arbitrariness. Quibe the
contrarys I have represented such pavticipation as am act of :
digeovery, by which we subtmit o reality; as an effort to make sense
of %hinge as they are. Skllfulness and connoisseurship are thus
aeen to be exercised with enmiversal intemds

At this pednt there is an dmpordant piece misaing in wy pieture
of the exact sciences which I must supplement now, both for its own
sglte and because Jita analysis will tuwrn eut 4o bhe indispefizable fo
the critique of biolomy o which it should presently lesd ou.

The most clstinctive purpose of & seiertifie formalism repre=
genting experlenes lles in dte pouer inmebhsely to facilitate the
Process of thirking abeut the avpsriente in guesticn. Take the
exzmple of a geogrephic map. A rovgh mup of Encland ean be drawn by
marcing on a skeet of papsy the geograrhiesl positions of the 200
lavgest Tnglisl Sowns, the cortesisn co~ordinates of each mark belms
chosen in s constant propordion to the longitude and latditude of =ach
wokny and sach mark hoving $he name of the correspondine $owm printed
Delow 1f. From sveh & map we ean read off a sreat deal of informaticn
which we did nod explicitly possess before. YWe canm recoonize from it
a% a slance the itlaerarice br which we can get abont from any town
to anothers Wo mayr say thet owr original input of 40O positional
data {200 longitudes and 200 latitndes) has yielded by the process
of mapping 200 x 200 » 20,000 itinevaries. The formation derived Prom:
mEopping will 2 actuslly be mach ampier since esch itinevary will
comprdse on the average some Pifty plases. This wenld amount to
something 1ike a million items, vepresenting 2500 times the input.
vhan such vast powers are cesersted hy so crude sn instroment as our
map would be, we peslize the immense scope of intellectusl schisve-
ment to be geired by formal representation.

This pover ig not dug to the sct of denotation in itselfa. &
satalorue of the 200 main %owns of Ensland liating their longltodes



anct Iatitudes would be compsratively useless for the purpose of
finding one’s way from one place to another. It could be probably
done Dy the ald of an electronic computer, but the answers eouid
certainly not be simply read off from the 1ist. In order to be
intellertually revesling, denotation must form & record which is

more easily handled than the original facts which it represents.
There are many cases like the map in which a mere inspection of the
records yields a new undarstanding of the facts. The operational
room of the Alp Foree Command where the changinpg situstion of the
iy battles over Fn-land were continuwously piectured on a lerge table
by essistants ecolleetine the flow of incoming reports, offered to the
Supreme Commander a representation of these reports which he could
graszp far betler than the aggregate of the originsl reports. Similarly,
the mere plotting of & series of messurements on paper in the form of
& sraph may reveal functionsl relationships, quite unsuspected from
our kiowledge of the original figurss. This manner of grasping a
state of affairs by & mere inspection of its symbolis representaticn
amounte to an informsl operation on the symbols.

in other instances, new lisht can be derived only by a fo
operation carried out on the denobing symbols. .Such cperations 1ia
Yargeily in the provinee of formalised languages and particulariy
mathematics. Numbers repressnting the result of conbting or measuring
hings can be used for representing one state of affairs from which
wWe may compute other mumbers ~iving uz further new information shout
the ssme state of affeirs (or some other predictable atate of affairs).
Iy gy we are told thabt Poul is one yesr less than twice the age
of Feter, while the éifference between their ages i# four, we can
find the ages of each by first setdine cut the situation symbolicallyy
age of Faul x, ave of Feter Yy X 2 2y ~ L and x -~y w iy and then
operating on these symbols sc as to solve the two eguations. The
result X o 9, ¥ = 5 15 then restranslated into Paul is aged 9 and
Peter iz aged 5.

The intellectual powers of formal symbollc operations are great,
We must acknowledge thet it is only by virtue of such operations
that we are able to carry out any course of striet reasoning, and
that all our discursive thought iz but a looser form of such reasoning.
Ho wonder that a critical philesophy (guided by the idea ) of ime
personal thought has selzed cn the chanee for advaneing towards its
goal by completely reducing this central agency of human intelligence
to the performance of certain formal rules, The hops of achi
this was recently enhanced by the eonstruction of highly effective
computers, in the first place for military purposes, Anti-aireraft
guns were egquipped with predietors automatically governed by the
gunner's initial readings. Onee the sights were set on & plane,
the machines computed the course of the swiftly moving target and
of the projectile ready to be sent out, operating the gun so0 as to
assure a hit. Such high intellectual performances achieved without
any intervention of men clearly offered new prospects to philosophers
for pursuing the idesl of completely detached Lhought.



But the most effective attempt to realise this programme oririnated
earlier {rom the movement towards a formalisation of lorie, initiated
by Boole in 1846 and followed up by the attempt af Hilbert in 1500
%o set oub completely the axioms and procedures of mathemszties thus
bringing the entire range of mathematics, both present snd future,
within the scope of an explicitly stated set of strictly impersonsl
oparationa. It is thik prrocess of formaliszation, as tausht by modern
bextbooks of mymbolic lopie of which I now propose to define the ime
herent linitations.

The process of formalisation is threefolds (1) it desipnates
undefined terms (2) it specifies unproven asserted formulae {axioms)
and {3} it prescribes the handling of such formulse for the purpose
of writing down new asserted formulae {proofs). Throughout this
process there prevails the desire of eliminatine what sre called
'psychologlenl’® elements.  The undefined terms are said not to siemify
anything, but to be complete in themselves as marks on paper}
naproven asserted formulae sre to replace and eliminste statements
believed to be self~evidentj operations constituting 'formal proof®
are similarly intended to replace 'merely psycholo~decsl! proof.

I know that the axiomatisation of mathematics pursued on thesse
lines has great achisvements tc its eredit. Yet I must say neverthe
iess that there is something sbsurd in the ultimate zims of his
umdertakineg. hy use the ulmost ingenuity and the most rigorous
care to prove the theoreme of logic or mathematics, while the
pramigses of thegse inferences are to be cheerfully accepted = with-
out any rrounds given for doing s¢ = as "unproven asserted formmles™?
Such a proceding is very rmch like that of the clown who solemnly
gets up in the middle of the arena twe getepusts with a securely
locked gate between them and then pulls cut & large bumch of keys
from which he finally selects one which fits the lock of. the gats,
then pasgses throush the gste and carefully lecks it after himsel? =
whils 811 the while the whole arens lies cpen on either side of %he
gate poste where he could go rrund them guite unhindered. A fully
griomatised deductive system is like a carefully locked gate in the
midet of an infinite empiy arss.

But I must try to put this eriticism in more technicsl terms.
1 repard the attempt 2t a complete formelisation of a deduetive symten
a8 unperformsble for the follewing reasons: (1) Ho undefined term
can bz introduced without an explamation, =iven in ordinary speech
and amplifisd by Sone examples of its use. The scceptance of a
mark on paper as a aymbol implies that {8) we belleve that we can
1dentify the mark in various instances of it and (b} that we know
its proper symbolic use. In both these beliefs we may be mistaken
and $hey constitutie thersfore commitmenta of our ownme (2) In agreeing
to rezard an ageregate of symbola as a formuls we sccept it a8 some-
thing thet can be asserted. This implies that we believe that swh
an agsrepate says something about something. ‘e expect to recornize
thinga which satisfy & formuia as distinet from other thimes which
fall to do so. Since the process hy which owr sxioms will be
eatisfied 1s necessarily left unformelised, owr cowntensneing of
this process constitutes an act of comitment on our pert. (3) The
handiing of symbols according to mechanicsl rles cannst be =maid



to be proof unless it carries the convietion that vhabtever setisfies
the axioms from which the operation starts will alse satisfy the
theorems arrived at. *Proof?, to use Professor Ryle’s ierms, iz 2
suceess-word. No handline of symbols %o which we refuse to oward
the success of hoving convinced ue that an implieatdion has been
demongtrated can be said to be a proof. And again, this awerd is
an unformalised process which congiitutes a commitment.

Thus at a mmber of points a formal system of symbols and
operations can be said to function as a deductive system only by
virtue of wnformalised supplements to w ich we aceeds by personsl
commitment. Symbols muet be identifiable and thelr meaning Ko,
axioms must be understood to assert somethine, proofs must be
acknowledged to demonstrate momething. This identifying, knowing,
uderatanding, acknowledzine, are vnformsliesd operations on which
the operation of a formal system depends. e may call them the
semantic functions of the formal system, which are performed by a
pergon with the aid of the formel system, when the porson commits
himgelf to its use.

Formelisation can be extsrded to hitherto unformalised semantis
operations, but only if the resulting formal system can in its turn
rely on hitherte uwnformalised semantic supplements. The le-itimate
purpose of formelisation lies in the reduction of infermal Pupnctions
to what we balieve to be more limited and obvious informal operationss
but it is nonsensical to aim at the elimination of informality.

| | Such an attempt i logically on par with the poliey of the Hungardan

\iinister of Transport, who decided to climinate the swaying of the
last carriages of trains hy issuine an order that the last carriarag
are to be detached from 411 traina.

Bub this endeavour has further forms, carrying wider implica-
tions, te which T have yet %o attend. The performance of complex
gymbelic operations by a2 relatively detached formal process, ie
physicelly embodied in the operations of sutometic compubers.

Cthar intelligent behaviowr has been guceedsflly imitated by
mechanieal models and 1t has been argued effectively that all
intellirent manif'egtations eculd be matched by the werkines of zoms
suliably constructed machinery. This ralses the question whether,
iz such a case, machines should not be accredited with possessing
intelligence and having a mind of their oun.

The problen is more seriocus than it misht appear at first sichs,
for the sciemce of neurclosy is based on the very agswmption that
the nervous system - bein no more than a machine fumctioning
according to the essentially known laws of physics and cheniztiry
determines or at lsast represents all the manifestations vhich we
neraally attribute to the mind of man. Morscver, the study of
psychology, in pursuine the ideal of seientific detachment, has
shown & consisient tendency towards reducing its subjest matter to



explicitly forsnlated relatiomships betwsen measureble vawiables,
which as such can always be represzented as the performances of o
mechanieal artefact., I% i3 therefore of real imporiance, to
ageertain whether there iz any essentisl difference betwsan machine
and mind, anmd if g0, what this difference consiste in.

From what I have said sbout the limits of formalismtion, the
difference between machihe and mind should be found in the wformalised
- semantic operations by which formal systeme must be supplemented in
order to pexrform any intelligent zet. These sre the actions of an
intelidrence using the formal systemy that is of an intellipend mind
uhiich understands and correetly operates the system. Mind, thus
defined sz the azent directine am irreducibtle residue of unformalised
operations, ig inherently unformalisable and thersfore not capable
of belne represented by eny artefaci. Dy the same token 1te functions
ars not cspable of representation by any neural model snd newrology
cannot ever acecount for these funetions in terns of any specifisble
aysten of physicowchemical processes. The existence of #u irreducibie
wiformalised residue is thus seen to inmply a conception of the mind
assentially undetermined by sny specifiable msterizl mechanism.

Since a machine on the other hand must be conceived am dehermined
by @ specific materisl mechanism, we have here a fundemcntel differencs
between mind and machine, and equally belween the mind and any
remological mechanism wnderlying mental functions.

We may say more rarticularly, that a formalised deductive system
iz an instrument, shich as such requires for its logicel completion &
mind uging it &8 ite instrument in a manner not fully determined by
the mechmpnism of the instrument, while the mind of the person using
the instrtment requires no corresponding logical completicn. For
obyicusly a person can carry cut computations by the 2id of a machine
or without it, but a computinr machine cannot be szid to function
except Wi a tripartite systems
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mind ———maching ===s?things to which the mind infommslly refers.
It is true that some use of artiemlation is pregent in almost overy
conspioucus mental proeess;, ot the intellicenes of animals shows
that articulstion is ot strictly indispensable for the exercise of
intellirence. "'z have actually met already in previous lectures an
ample ranre of informal intellectual performances of a vaery hish
guality, exercised by seientista.

By a wariation of our tripartite system we may now recopnize
the lorical limitations of an exact experimental psychology.
Raplacing ‘machine’ by a mind ('mind 27] we havs,
I i ITT
ind{1) eew>uind{2} eeyihings to which mind (1) infermally vefers.
Insofar as nind{2) can be replaced by a machine it funmetions as ap
instrment of mind (1). If for example the paycholowist had discovered



a mochanlsm which completely zccounts for the performance of mind {(2)
in selving 2 eepbain type of problem op drawing a cerdain kind of
inferences, mind {1) covid pes mingd (2) as an insteument for salving
this kind of problem or for drewine thig lkind of inference, mach as
it would vee a computing machine for such a purpose. In doing so
ming (1) would have to exereise unformalised powers which cannot be
represented & machine and which are lackine in the mechsnical
model of mind(2). These unformalised functions inelude the empacidy
for wnderstanding s meaninze and for reaching convietions by sh ach
ofresponsible judgment. By virtue of these powers of mind(l) the -
mechanical picture of mind {2) has a meanine for mind (1) which
resulta from an intellectual judgment of its own, even while ib
represents mind (2) as lackine any similar powers.

This inconsistency between the powers which the obaserving mind
is confidently exercising in the very act of denying them to another
mind under its cbaservabion, can be excused if the observer is conw
cerned only with the automatic responses of his subject. UWhen a
physiolozist records the reflexes of a person he iz rishtly claiming
for himself powers of Judsment which are sbsent in the facultlies he
is aramining in another persone The situetion masy be similar when
a psychlatyrist examines 3 patient haring an spiieptic zeizurey and
to the extent to which mental illness deprivag those suffering from
them of control over their thoushts, a peychisteist will observe
the underlying pathologicel mechanism from the superior pogsition
asgomed by mind{1) towards mind(2). :

gut when two porsons envipsgs each other as souesls each moed
gredit the other with the powers he claims for himselfs They must
reciprocal ly acknowlaedge each othar as centres of unfermalised mental
activities. And cach muet agecredit the other with & striving to
fulfiliintellactosl standards acknowledged by itself, which is
locieally indispensable to its rational contrel of wnformmlisable
mental capacities.

This responsible core of personhood cannct be observed in terms
of specifisble variables and is therefore absent from any explanatory
model of a person embodyline relations bebween auch varisbles. It is
only by conversing with thils responsible core of a fellow person that
we can come to know it personally. Cnly by repudiating the loglcally
witenable de2al of completely formalised thinkine, can we gain the
conveption of a mind eapable of convivial interaction with other minds.

More cenerally, the attempt abt knowing man impersonally nscese
sarily leads to a concepiion of man altogether lacking the capacity
of knowing. OSuch a man could only go throush the motions of mentel
activity but not hare any genuine intellipence. Ounly by zctively
participeting in the intellilpent personhood of others can I
recopnize them &8 personsi and the recognitlion of such personhood
eannot therefore be eonsistently upheld uniess I aclmowledpe and
aceredit my own partieipation as contributing fo it
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This conclusion is a slisht digressicn on which I could neod fail
te engage in analyesing the limits of formalisstion. For the personal
supplementatlon regqulred by a compubing machine in order thet it may
funetlion as an instrument of thoupht colneidss with the deficiencien
which make a computing machine fall short of representine the
regponsibly thinking mind. This argpument leads up for the first time
to the unspecifiability of & living function end a livine being. The
Fformalisetion of thinkine and of thinking man appunts to thelr
identification with such of their particulars as can be depicted by a
formaidsra or a machine, and it iz this which was shown %o be une
performable. Formalisation or mechanisatlon if of course only one
anony many posgible exhaustive specifications of g responsible pearaon
which destroy its responsible personibwod. There sre psychologieal
ani physiological representztlons which lead o the same result. But
I must not porsus this theme any furthar here, before having answered
more fully my original qusstion conecerning the poszibilities of
depersonalised thousht.

Resuming therefors my lozical analysls of deductive systems and
computing machines, I shall ncw generalies ites conclusions to all
gyetemz of rules and all kinds of machines. I want %o iske az my
clue the fact that both rules the operational principles of machines
gre normztive., in the sense that within thelr own framework thev con

only fanction rightly.

In respect to rules thiz is quibte obviouws. They presuppose an
intention which will be satisfied by thelr obeservancs. Some mles
1like those of loric or ethics convsy intentions which are widely held,
whiie others may be mcrely personal commands, like the notiee board
o Trespassers®, Certain ruless may be anaccepbable to us, or conw
gidered invalid, but they s%i1l contimue to express someone?s cone
vigtions of what is richt, and %o cperate that personts appraisal
of relevant occurrences. AlL the operations cof a system of rules are
necegsarily believed to be right by someone uphclding the system of
rules.

i want to show that machines - not only computors, but all kinds
of machines - have g similar normative character, znd I wish %o seizs
then upon the curions faet, whieh 18 not quite so easily apparent in
the functioning of miles like those of locic or ethics, thet the astusi
operations of all these normative systems are dus Yo the caussl inter-
action of particulars having themselwves no normabive intent: Lot me
east thiz observabion inte a more conerste form, speciaiizing fur the
mEoment on machines.

Taixe mechanical devices like clocks, sewing machines, typsurliers
and Jebt engines, and call all such ertefecty "machineste I can identify
any such thing a9 a machine oriy if I believe that it works, which
inecludes the awsumpbtlon of a purpose which it achieves in workingy and
no purpese can be said %o exist wiless I either share it or consider
it %o prevail in s me other person. S5Self propelled machines have
movable parte constitubting an internal context of thelr own, but
nevertheless the context of the machine must be taken to include itae



purpose together with the person who entertains the PLIpong.

When a machine Iz In good working order it presents sh instance
for the operational principle vhich woiuld charseterize it in a
patent. The principle cf a mochine describes itz verious parts
and how cach of its parts fuifills its function by acting upon sach
other az a meens Tor achievine the porpose of the mechine. The law
of patente acinowledges the invention of a new gpachine zs taking
place when its prineiple ie fyst clearly formulsted or when 4% is
firet put into practice.

The same machine can be constructed from the most varied meterizis
and in so different shapses anmd elges thet cnly a cloze znalysis will
identify these machines as embodimsnbe of the same principle. &
patent which stiempis tc cover 2ll1 conceivable erbodiments of 2
mechénical principle will ewoid thereforemmenticping the physiesl or
chamdeal particulars of sny actually constructed machine except ine
sofer as these particulare ere essential to the operation of the
principle. Just a3 the les of aigebra will operate for any seb
of rumbars for which the albsgraic constanta of tho equaticn may
gtand, so the operstional prineipls of a machine is walid for any
particulars which are coverad by its geneprsl terms and such a
principle must be stated; therefore, like the riles of lgaters, at
the highest possgible level of abstrsctions

The rnormative intention implied in the conception of a machine
iz manifested by the fact thot it does not cover any inztamces of
failurss or perhaps even moye cbviously in the fact that it sebs off
by contrast the concepiicn of a mechine that is ocut of order. When
a bodlor bursts, a8 train dersils or a cranksheft snaps, theee things
beheve ageingdt the rules lald down for them within the conception of
the mechine. Clearly, while this concsption asccredits certain events
a8 orderly performances, it condemns others zs faiiures=.

A patent defining a machine in terms of Ite operative principles
tells wou how the machine shoold functiong but it can azy nothing
sbout its poasible failuves, for these conslipt in departures from
the principles of operation by which the patent definas the machine.
Bowever, failures do ocour novertheless and 2 selentificelly trained
enginesr may be shle to tell ve why. He mi-ht observe strains wider
which the material of the machine will btwreak down, or corrosive
effents which whittle away its substance. So it world legk =z 4if
the patent pove merely an imperfeet knowledge of = machine, which
had to be supplemented by the scientisi who comprehends both the
correet funetiorning and the failures of s machine.

Buk this iy net so. The most exhavstive physical and chemiesi
investigations cennot repiace the understandine of a machine as cone=
veyed by 8 correct statement of its cparational prineipies. A physieal
and chenieal snelysis can be garried oub only on a parbicular mample
of the mechines. It would revenl therefore much that ie irrelevent o
the operation of the machine; while it wewld not in i%2elf establish
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