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CHAPTER I

THE DEBATE ABOUT TELEOLOGY
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1. INTRODUCTION - ,

Theoretical inguiry into biologv has developed around twe
primarg ihteeesﬁs:‘ determining the-logical orgenization.of
biological'behaviour and thefefore) as weil,'specifying the e
loglcal condltlons for knowledge about biological organlzatlon.

Each interest has produced separate but rq&ated issues in Phllogbphv
of Biologyv. zlrst is the issue about whedhér all organlc ace1v1t1es

shich v
are exemplifications of the same laws as ﬂmse }fn&? ilVlnq svstems,

or “mf@ﬁé purposive and goal-directed behaviour of organic svstems’

indicates a special mode of causation-in such systems. "Second is,
the issue over the wide ese of teleological explaneeion in medern
Biology. Teleological explanations typfgally ascribe some function
or purpose to an iﬁem'or prccess and ar§ue from the occurzence of

the function to the presence of the item functionaliy characterized.

The problem is, such explanations entdfl the guestitnable assumpticn

.

that biological items and events are due to the purpose or design P

© that 1is served by them. Yet if we reject teleological explanation

as having matters in reverse, we are left wondering/ﬁhether ordinary
causal explanation is sufficient to accounts4of‘biological'organiza—
tion, and thus returned to/pondering a special mode of causation.
Together these issues form the core of the debate about teleb;ogy
among biological theorists. Of eeurse, the positions taken have
foundational significance for empirical reseerch. They provide the
theoretical framework for understanding Qhat‘we‘discloée as we
investigate living sys;ems; and tﬁey shape our peréeption}of what

it is we are doing, or should -be doing, in Biology.
: : &
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My thesis is an arqument for the use of teleology in the
biological field. Biology's main explanatory science, physioloay,
leaves the field rich in teleological phraseology and explanation. -~

My defence rests cn an understanding of the work of Sir Charles.

.

Scott Sherrinqgton (1857-1952), the eminent Briton whose exhaustive
study of the spinal reflex culminated in his landmark theory of

-~

the-integrative action of the nervous system. I trv to develop

»
.

his phvsiclogical theoryv in Chapter II. My argument is, %irst,

ég;t Sherringtog's theory of infegrative action, which champions

the use of teleoldogical concepts in pH}QiSE%qY, is superior to

the influential theory of self-regqulation developed by philcsopher'
rnest Nagel, which unsuccessfully attempté to characterize pur-

posive behaviour in strietly causal terminology. Chapter IIf‘

contains this argument on the rst issue in the debate about

teleology. .On thé second issu 1 concentrate less on the end-

product of Sherrington's research, the integrative actioh'theory,

-and draw more on the method of his research-and explanation to show

-

. how we can make sense of teleological or juncitional explanation
]

as it arises in, particularly, the biomedical field. My arqument
on the second issue is the subject of Chapter IV. I believe the
argument resolves Carl Hempel's well-known trilemma whereby functional -
explanation is concluded to bé either non-deductive, non-émpirical,
or else trivial. Yet I am equally convinced that functi'nal exglana—
tion of the sort found in the biomedical field conforms tc Hempel's
deddc:éua-nomotog@caﬂ modeL»of.egblanation, and I argue against the
view of Robert Cummins that functional explanation incorporates a

radically different logic from the one which Eempel supposes.
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The :emainde% of the present chapter is an account of the
positions of, first, Nagel and then SE.Hempé% and- Cummins. °
Chap#er V is a brief conclusion éhat teieology is.essential to
phySio%ogY, %pa theééfore to-the.biémédiéal fieid: but that its-
use does not breach our materialist presuppositiong about empirical
science. Lastlv, I have ingludeé an appendik which discusses
what is wréng with Sif John Eccles' view that Sherrington wag a
mind-body dualist{ Eccles is.One of many famous Sherrinqtqn

students.

2. THE FIRST ITSSUE: UNDERSTANDING PURPOSIVE BEHAVIOUR

’

2.1 PRELIMINARY STATEMENT

B

. -

Evervday experience of plants and animals leaves one impressed
with naturé's orderlyv process. Sweet flowers open and bees collect
their food. Excretion normally occursa ?redictable number of hours
after the consumption of food. Societies get drganized as labour
becomes divided. Spefmatazoa are motile. Natural prdcesses
such as these are not haphazard, and by reason of the complexity of
their relationships and design, the§ even apﬁear to be more than
merely causal. A characteristic feature is the orgahization of
such processes arcund nameable goals or purposes. In the abovg
examples, reproduction, consumption, digestion, and syngamy are .
the respective purposes served by the organizational .-features of i
each of these natural processes. Biologf%ts have uncovered further

purposive mechanisms which confrol metabolism, temperature, blood-

circulation, hormonal change, and reflex action, for example.

2]



evervthing in the universe? In science., moreover, God's omni-

-
. -
-

Purposive organization is found to be the most characteristic
feature of biological behaviour at all levels, from physiology to
society and hatuzal economy. The problem_is to understand how

matter must be 4rganized to accommodat®purposive behaviour.

-

2.2 TWO EARLY VIEWS -

-

The occasionalist view of Nicholas Malebranche (1638-1715)

blended theology with speculation to raise the purposiveness.
observed in the development and behaviour of plantsland.aniﬁa}s

to expressions of God's will at a distance. The phenomenal symphony
is created bv the Supreme Being, and depends upon Him for its
existence from moment to moment. God consténtly orchestrates .

the actions of the billions of mindless biological processes and

individual organisms. Biological organization and natural economy

-

are purposive because Goéd created the entire universe, and He

does nothing without a purpose. - ST e

-~

‘Malapranche's view posed many problems for the development

of rational answers to ariety of guestions,.not the least of

which, for examplle, is the guestion of man's free will. - How is

free will possible', it would be asked, if God creates and controls

-

s . . - . s
competence entails that every event is an expression of divine

reason or purpose, wh;éh_gékes it impossible to draw the distinction

observers could reasonably draw between the purposive behaviour

of biological events, and the ordinary causalityv of physical

" events. Water expands when it freezes, it would appear, because

3

of its chemical properties, not because an ulterior plan is

served. By contgast, a peacock will strut around inflating i
o
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throat and feﬁnihg-its feathers, clearly to attract the attention

- . ! /

of a nearby peahen. Compare the body temperature of a corpsé
with that’of'its pathologist and one findS'the former varies_
-directly w1th the amblent temperature, whereas the patholoqlst
enjoys an automatlcallv adjustlnq and fairly constant internal
:temperagure, quite lndepeaéent of the same environment. Or examine
the hide of Any dog aboq;féo exercise its scratch-reflex and one
veiy often ehcove;s d‘fiea, the removal of which is the purpose -
of that 'bit of spinal behaviour. Malkbranche's view failed to
eupport the distihction that would eventually appeer to separate
biolégy‘frqm physiEs, but worse vet, it undermined the possibility
of scientific knowledge altogether. If the explanation for all
phenomena, organic and physical alike, rests with an understandlnq
of God's will, and if knowledge of God is ultimately impossible,
then of ‘course no knowledge\oé the world is possible..

Through the interest and effort of men such as Rene Descartes
. {1598-1650)- empirical iﬁquify persisted. The idea arose that
what can be observed mav be explained by understanding soﬁething
of the mechanics of the things themselves. Thus}-in the biological
field, attention shifted from unprofitable speculation on a Finel
Cause, to a quasi-empirical sea;ch for a special cause. Descartes
supposed that each individual organism is the residence of a
"dynamic agent", a non—physicaloentity having causal efficacy
which produces purposive behaviour. The ethereal "animgl spirits"”

surge through any of a number of observable vessels or channels

which ramify throughout the body, and form a tvpe of hvdraulic

1
aps
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transmission system. The animal spirits.must have an innate_

- .
awareness of the purpose of every bodily process and behaviour,

and and innate ablllty to operate the bodv mechanlsm to brlng~

about anv proper result or state of affairs. The spirits coulq

.

influence the bodv with or. without a cohabiting soul or mind,
although it was obedient to the will if the organism had one to
exercise. The purposiveness Descartes observed in thé coordinated’

spinal reflex was e#plained in terms of the hvdraulic activity of
animal -spirits., The causality of purpbsive systems so conceived
can be considered special in so far as the effects produced appear

to be influenced by goals which lie in the future and goals of

which the animal spirit is "aware”. Ordinary causality, on the

other hand, works from past or present conditions only. ZFPhysical

- -

events are "pushed" into existence by the past or present, if you
. % .
will, whereas teleological ones so conceived, are "pulled" into

the present bvlan "swareness" of the future. The outcome of

the scratch-reflex, for example, was in large measure seen to

affect how the reflex operated. _ o

.

As biological science grew more clear about itself, however,

.

teleclogy became less credible. Proof and testability became
" conditions of scientific truth generally, and no less so in .
biology:' The trouble with teleclogy, viewed as dpecial causality,
is‘?het once again experimental testing is impossible. That

which has yvet to exist --'some futu;e gecal -- cannot be demonstrated
to affect any present set of observable conditions. In contrast,

ordinary causal explanation develops from' observing the outcome$

of conditions which can be experimentally recreated for demonstration
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‘,and'prgof. The idea of teleology as speciél causality probably

arose from a conflation of bioiogical acts with human acts, and

then from a misunderstanding of the causality of intentional actions.

-’

Biological acts are like human acts because they are purposive,
and huggn.acts are accqmpéhied by mental processes, so why not

suppose that biological acts are accompanied by, at least, mental-

like processes as well? And again, goal-directed mental behaviour

i - ) -
might be mistaken for proof that the future can affect the present..
Goals are thirgs towards which we strive, and they lie in the

future; therefore the future affects the present. But of course,

_this argument .is based upon a faulty analysis of the causality of

humaﬁ action, and—is~thu5‘unsound. What is causally efficacious
is not a fﬁkure, vet-to-be-realized goal, but "(a) (the) désirg,
present before the action, to attain that particular objective,
and-(b)'the belief, li%ewise present before the action, that such
and such a course of action is most likelvy to have the-desired |
efféct.“_ (C.G. Hempel,.AJpecté 04 Scientific Explanation, 1965)
Thus teleology as special causality is empirically wvacuous either
because it refé}s to entities which cannot, in principle, be
observed, or else it makes reference to conditions which do not

admit of empirical testing. The iesult, in.either case, leaves

biological/events ultimately imponderable once-.again.

2.3 MODERN SCIENCE AND PHILOSOPHY ON PURPOSIvE BEHAVIOUR

A

This is largely where the problem:of teleology sat when
Sherrington came to the scene.
Older writings on.reflex action concerned

themselves boldly with the purposes of the
. . .
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. reflexes they described. The language in
-+ which they are couched shows-that. for them
" the interest of the phenomena centered in
their being regarded as manifestations of an
informing spirit resident in the organism,
lowly or tilated though that might be.
Progress of knowledge has tended to unseat
pomorphic imace of the observer : ,
f which he projected into the cobject T
of his observations. The teleoclogical ’ o o
‘speculations accompanving such observations _ ~
have become proportionately discredited.
Self-wounded in this wav physiology became T
for a time extremely reticent about purpose,
remalnlng simply objectlvelv descriptive.

Sherrigéton's lifetime ambition was to explain how purposive,
coordinated behaviour in the_spiﬁal reflex operates. Before him
lay only scattgrea attempts to understand the physiological'ﬁechanism
of the nervous system. The complete pictu;e was:unrecognizablé.
He relied mainly upon his own exhaustive.research to piece together
the puzzle of reflex action, and he knew that he must find-a way
tc us2 teleological concepts, without falllng preyv to the pathetlc
fallacy he referred to in the above passage, if his efforts to expladin
reflex action were t¢ prove successful; without teleology, in_.
Sherringtonrs view, physiology was merely a descriptive sciénce,
As the passage continues: .

~The impetus given to blologv by the doctrine
‘of adaptation under natural selecticn, felt
so strongly by morphological studies, seems
hardly as vet to have begun its course as a
motive force in physiology. But the signs
begin to be numerous that such an era is at -
hand. The infinite fertility of the organism
as a field for adapted reactions has become
more apparent. The purpose of a reflex seems g .
as legltlmate and urgent an object of natural | -
inquiry as the purpose of the colouring of an’ a
insect or a blossom. Aand the importance to

phyvsiology is, that the refiex action cannot ’

be really intelligible to the phv51ologlst ) o
until he kriows its aim. - <
(C.S. Sherrington, Iategrative Action of the’ i
Nervous Sysiem, 1906, ». 237) . . N

W
A
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Sherrington's theory of the integrative action of the
- ' g , . :

- nervous system provided the conceptual framework for subsegquent
studies of the brain, as wellfgs-the baéic_model of purposive
-mechanics for the rest of physiology. With physiology as the main
explanatory science in the field of biology, the importance of
Sherrington's theorv to. the history of idéas‘cannot be over-
stressed. Egually apparent is its importance to the philosophic }
debate on teleology. 3 -

When philosophers have examined Biology; tﬁe'usual.ulterior.
motive concerpys the gquestion of éutpnOmy. Knowing the logical }3'
) organization of biolqgi;al behavicur entails the problem of the
relation between éuch organig activities as qrowth, regulation and
reproduction and £he compleg‘physical and chemical processes that
go on in living systems. (The Encyclopedia of Phifcscphy,
"Biologvy", 1967) To ;he mechanist, all organic activities aré

governed by the same laws -as those which govern non-living systems. X this

is true, bioclogy should beqéme ultimately a branch of the phvsital
sc%ences, épd have no methodological autOnomy. The methodol gicai
pnity Qf science is the thesis Nagel wants ES protect in developing
his view that teleological concepts can be analvzed into ones of
effiéient_causglity;_ ’

"In7éontrast with Shefrington, Nagel holds that teleological
coﬁcepts are to be avoided, not regardegd és epistemologically

neceséary to ?hysiological understanding and explanation. After
analyiipg his model of self-regulation, Nagel concludes:
) The.... analysis has therefore shown that the

notion of a teleological system can be expli- ‘\\
..cated in a manner not requiring the adoption
" -of teleology as a fundamental or unanalyzable v//}
_ category. ,

(E. Nagel, The Stxiucture ¢4 Science, 1961, p. 417)



- 1f Nagel is xright, the use of teleological concepts in

‘- biology is no bar aéainst the reduction of bioloég intg phyifcs.

- If, however, teleological concepts cannot ge S0 ana%yzed,

we must-question’seriously'their meaning and epistemologicél value.
Mo:eover,.teleology is no longer'gener;lly regarded as a special ”‘7'
causality, but -a éﬁeciai erganization of ordinary causal processes.
This sits well with both Sherrington and Nagel, but f bélieve
Nagel's ulterior motive, to protect Fhe methodélogic;l unity‘
Ehesis, has caused him to ignore or else overiook a significant

developqént in phvsiological thinking since Sherrington gave that

science a new direction. That is, Naqel fails to explore the

—

pqsaibiiity of understanding purposivé?ess'in and of itseyf, as

it were, without referemee—to underlving causal processes. 'As

a matter of fact, however, this possibility is precisely what
modern phvsiologists are expléiting, in their effort to quantify
the effects of control mechanisms; mechanisms, in other words, which
form the behaviour we have described as purposive.' I will
examine this development more closely in my third chapter. I
should merely point out-presently that, I believe -the effort

of these physiolggists can continue confident in the knowledge

that teleology L8 a fundamental and unanalvzable category necessary

to inderstanding and explanation in physiology.

. >
2.4 NAGEL'S THEORY OF SELF-REGULATION

The teleological system Nagel cites as an example of his
theory of self-regulation is temperature homeostasis, or the

maintenance of constant internal temperature, in the human body.
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’ ﬁment." As Nagel explains:

- * PO

As with eleéctrolvte and water homeostasis, blood-sugar homeostasis,

-
-

blood-oxygen homeostasis, and so on, temperature homeostasis is
-~ ",:-L - . 0

a relatively steady state maintained "by complicated but coordinated
- - ‘ I
physiological pfocessésJ“ (409} The avoidance of fatal injury -

requires the maintenance of a fairly constant internal temperatﬁre
in the presence of scmetimes extreme variations in’the‘temperatﬁre
of the environment: During the normal day, bedy temperat;re
varies "from about 97.3°F. to 99.1°F",Nagel reports, and otherwise
must bg maintained within the restricted range of values between
759F. and IloéF. to avoid death, and to enable the orgaﬁism to
carry on with whatever activity it happens to intend. In Séing
able to maintain temperature homeostasis, the body can continue

with its normal activities "in relative independence of the environ-

-
b

The bodv achieves this homeostasis by-means
of a number of mechanisms, which serve as a
series of defenses against shifts in the
internal temperature. Thus, the thvroid -
. gland is one of several that control the
body's basal metabolic rate (which is the
measure of heat produced by combustion in
various cells and organs); the heat radiated
or conducted through the skin depends on the
quantity of blood flowing through peripheral
vessels, a quantity which is requlated by
.o dilation or contraction of these vessels;

v sweating and the respiration rate determine
the guantity of moisture that is evaporated,
and so affect the internal temperature; adrena-
line in the blood also stimulates internal
combustion, and its secretion is affected by
changes in the external temperature; and auto-
matic muscular contractions involved in shiver-
ing are an additional source of internal heat.
There are thus physiclogical mechanisms in the
body that automatically preserve its internal
temperature, despite disturbing conditions in
the body's internal and external environment.
{409)

.';‘



One cou}é add to my list of self-regulating syg%éhs‘which

- 4

~

maintain a homeostatic state, the scratch-reflex characterized - - ’27

-by Sherrington. A disturbing irritant which stimulates certain’

recepﬁors in the hide of the host animal will cause a chain of

neurcnes, leading from the receptive surface to the hind limbs,
to become excited. The neuronal activity causes the limb to

scratch the spot and remove the igritant, thus returning the nervous.

s

syvsten to }ts basal or homeostatic state of excitation. For

Nagel, the important point is that self-regulating svstems have

the capacity to compensate for a restricted range of distrubances
3

to maintain, or return the system to, a homeostatic state.

The distinguishing features of a self-regulating syéteﬁ
become part of the topic of Nagel's later essay éntitled,
"Teleology Revisited” (Jou&na% ef Phiﬂoaapﬁy, May 1977). A self-
requlating system has three main propertiés; according to Nagel;
it is: '

a) plastic

b) persistent

¢} orthogenal
a) These systems are said to be plasiic "in the sense that the
goal can be reacﬁeé by alternative routes and from different
initial starting points, the route or action that is actually

. adopted depending upord whét locai circumstances prevail." (265)

In the example of temperature hone;stasis, the options afailable
to the system to achieve the gecal of keeping a constant internal
temperature are considered to be: activation of the thvroid gland;

control of heat loss through the skin by peripheral vasodilation

and vasoconstriction; exothermic moisture evapor.ation -through



: R : ) :
sweating or panting; discharging adrenaline into the bloodstream- »

to increase the metabolié_rate‘aﬁd thus the product%pn of heat:
activating tHe shivefing response to cause a great increaée in the
quahtipy'of heat produced. Presumably,-thé'nature and extent of
any internal or external disthréance aeterniheslwhich one, or set,
of these.routé; becomes operative in maintaining temperature
homeéstasis in a given situation. Of course, one would seek the-
advice of a physiologist, not a philosopher, on matters such as
this. ’ “
‘///fEE‘tﬁeré is an imporﬁaﬁt philosoéhic point which should not
gé unnoticed{ If the mainﬁEnance of temperature homeostasis, or
the homeostasis of any set of conditions, is a function of the
activities of all mechanisms working in unison, what sense can be
made oﬁ-the claim that self-regulating systems are plastic? Mavbe,
as a ?hysiological fact, the components of a phvsiclogical system

rd

are so inte?dependent, or muéually influential, that no single
pathway, or mech;nism,'ca be so isolated and named as anvthing
more than contaibufory o;TLhe overall effecg on the system as a
whole. In other‘gér¢$ plasticity mayv have metbodological sign- -
'ificance, but no real basis in physiological_fébt. Methodologically,
it may be necessar? to isolate pathwavs and mechanisms in oider
to assist psychological understanding of these complex svstems.

v
Plasficity would then be considered to have heuristic value, but
no epistemological significance with-regard to the real biological
world. Yet if self-regulating svstems are not in fact plastic,
the heuristic value.of the concept would be highly guesticonable.

It could lead us from-and not toward an understanding of such

(;
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systems. Analyvzing a sﬁstem into its parts is a step‘toward_
- > -

being able to déscribe-gie syvstem as nothing more than a collection
. . : . )

oL

of parts -- a step towaEd’reductionism to protect the methodological

unity thesis; but, at least in the case of the self-regulating
central nervous system, such a étep is not in the direction of a

final and complete understanding the theory of intergative action,
O ' e

and how the nervous system works to produce purposive, coordinated
. Anaton . . X

reflex action. A%&%%ﬁi%ltv is not a property of the central

nervous system, a self-regulating system pax exceEchce as we will

see, and plasticity would, in f£fact, unsurp the p0551b111tv of
purposive, coordlnated reflex action. Moreéver, an analyvsis of the
whole into its parts, which the Eoﬂcept of plasticity requires, is
not the‘final step toward uﬂaerstanding that svstem. An understand-
ing of the integrative action of the nervous system does not end

with conceptualI?-déii:tegrating that system, as it were. And
+to repeat the point I\nade earlier, modern physioclogists are .

concerned to understand the effects of control systems gua system,
as well as, of course, the special effects of anv component on
the whole. So the application of the concept’ of plasticity may -
be seriously limited in phvsiclogy. It i§ at least true that,
logicél analyzability must not be mistaken for phvsiologically

isolated pathwayvs and mechanisms.

b) The next most characteristic feature of self-regqulating systems

which Nagel describes is persdsience. By "persistence" he means

simply that if disturbed, the system has the-capacitv to compensate



and reduce the effects of the disturbance; thereby returning the
. i
system to its homeostas;s.. The five nechanisms or pathwa'

““
€ .

. thermal homeostas;s Nagel deSczlbed enable the bodv to be Der_

w"a’

with respect to-the homeostéfis of 1ts core temperature. Changes

in either internal or extlernal:temperature, provided ‘thev are
I \ > R .

s L .

not too great, provoke compensatory changes within the svstem, -

BRY

.which return it to or maintain a temperature around the optimum

value. The important point is that homeostasis is possible as

B -
g

a result of certain persistent changes occurring within the system
itself. Without persistent compensatory changes, the system
- would fail to maintain homeostasis in situations of internal and

external disturbance.

¢} Systems which are self—reguléting with respect to some goal
(e;g. thermal homeostasis).are distinguishe@ from those which are
not, according'to Nagel, by the chéracteristic that the variables
(pf the former are oathogonal, or independent of one another. Nagel
considers orthogonality to be the formal or logical'criterion
which distinguishes the two groups of systems. 1In the case of
temperature homeostasis, two variables, say the blood-thvroxine
level an@ the blood-adrenaline level, are independent in Nagel's
sense bec;use the values assignable to_the one variable are not
Logically determinant with respect to the values assignable to
the other variable. That is, Ehe valﬁé of one is compatible with
all values of the other. It is important that the variables be
independent in this sense, Nagel believes, otherwise the values

of one could be deduced from the values of the other. If +this

held, Nagel implies, the system could be characterized in terms

*
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"téﬁ‘éié determinant variable alone, since it would be redundant
to mention the second variable when defining the primary properties

" of the system at hand.

Theﬂcfitefion of'6rthogonaii§y_suppo§edl¥ )
,;afeguards aga nst equéting physicél procegses of simple eghili- '
brium with systems of self-regulation. Consider for exam?le the
phvsical system of a beaker of water of 10°c. placed into a container
with an ambient temperature of 0°c. Heat loss from the beaker of
water will raise the ambient temperature, while reducing the water.
temperature. The two variables in the example are the‘éempgrature
of the water and that of the environment. Clea;ly, ;ﬁe former
value is inversely related to the latter valué, and!:iee versa,

for all states of egquilibrium. That is, raise or léwer the initial
;mbient and water temperatures and, ceilerds paribus, the resultant
thermai equilibrium value is the product of the cancelling effects
of eéah variable on the other. Simiiarily, as Nagel states, the
.criterioﬁ'of orthogonality precludes the flow of a river from being
viéwed as a goal-directed, or self-regulating, process. Although
the river flow persists towards the sea and is persistent in the
face of a wide range 6f obstacles, the flow isﬁ%@ﬁ self-regulating
because its direction depends upon the lie of the land. Basing the
distinction bewteen these twé kinds of systems upon Nagel's

concept of orthogonality is highly qgestionable as we will see.
Plasticity, persistence, and especially orthogonality are, none

the less, the three properties which uniquely characterize self-
regulating systems for Nagel. These propgrties which characterize
purposiveness, or goal-directedness, are explicable in terms of

the dispositions of the components of such a system. If the analysis

is sound, teleological behaviour is explicable in terms which entail
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2
no teleological concepts, and the reduction of biology into physics

-
[y

becomes possible.

We now return to the earlier essay in MNagel's Struciure,
1 . -
- "

and to the problem of explaining purposive behaviour in terms which
t -

are strictly causal, and ‘do not imply ones which are teleclogical.
Using the preceding discussioh as the intuitive context of Nagé"s
explanation, I will. attempt to develop his concept of goal-directed
behaviour ;xiomatically.

Nagel equatés teleologicgl svstems with goal-directed,
directively organized or self-regulating systems and renders what
he believes.to be a purely causal ana;ysis of such systems. As
indicated above, the organization of these provides that, if
disturbéd bg/séﬁ; internal or external cause, the set of altered
conditions are sg causally efficacious as to further alter certain
other conditions s© as to return the system to its original .
state, a state referred to as "homeostasis". Nagel would explain
that owing to the causal efficacy of the system upon itself, such
systems appear to be directively organized toward maintaining
homeostasis. That is, they may appear to operate by means of
teleology as special causality where future events affect present
conditions, put, in fact, Nagel would say, all of the proggnties
of purposive behaviour are explicable ingtefms of the preﬁent and
past dispositions of the componénts of the system. From this, he
reasons that there are noc uniquély bioloqical'ﬁkoperties of
purposive systems, and thus no upiquely biclogical laws must be

invented to explain_theiéwbehaviour. The methodological unity of

science is thergfore uncompromised in Biology. Between pages
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410 and 421, Nagel formalizes his concept,éf self—regulaéion. Its

ldgical develcpment may Ee‘represented as follows. oo

I.

II.

III.

F el " . -
* *

Definitions | . -~

-

- -

Let S be a directively organized system

Let E represent the environment

G is a state, property, or mode of behaviour which 'S is capable

of possessing, or maintaining ‘(e.g. a2 body temperature of 98.6°F.)

A, B, and C denote parts of system S (for simplicity, assume
there to be three parts or mechanisms; e.g., for temperature
regulation in the human body, assume the available pathways
are: ~thvroid control of metabolism; peripheral vasodilation
and constriction; and exothermic moisture evaporation through
sweating or panting.) .

Properties of Svstem S (necessaryv conditions)

Each part is indispensible

Each part is capable of more than one state

The set of possible states of each part is a restricted class
(Rar Kg and Kp) _

The value (state) of any part is .logically independent of any
other at the same moment (ciazthogonaldity)

The parts are-'so interrelated that any change in one produces
compensatory changes in the remainder to offset the effects
of the disturbance (persisience) h

The. disturbances to which the parts are susceptible are such
that compensatory changes can be initiated by any of the parts
of the system (plasiiciiy)

The whole (svstem S) is deterministic with respect to its

parts (i.e., these and only these parts determine all possible
G-states) -

Parameters of behaviour of System S

In principle, S may have more than one G-state
In principle, G may be unattainable
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3. If G is attainable, then either-s has property
G, or S will have property G

4. Not every possible stats‘of S is a G-state
5. If S has more than one attainable G-state, then the actual

G-state at time t; is determined by the actual S-state of ;
some previous time, tg

The five parameters of behaviour, or possiblé types of
behaviour, are determined by the properties of system S. Parameter
IITI, 1, that S may have more than one G-state, follows from -
properties II, 2, 3 and 7, plurality and class restriction of part
values, and parts-whole deterpinism, respectively. Giveé that
the overgll disposition of syséem S is directly related to the
prope;ties (values)aof the parts (II, 7), variatiomns (II, 2)
in the lattér will permit gariations in the former. Egqually,
re#trictions (I1,3) upon vaéiétions in the latter will mean
restrictions for the former. Thus, we can expect to find a raﬁge
of possible G-states for system‘s. In the example of thermal
hoﬁeostasis, the range of normal core temperatures falls between
97.3° F and 99.1°9F and, in theorv therefore, the possible G-states
are infinitely many.

S pan be seen to have more than one G-state fér the additional
reason that there exists a set of possible states for the three
parts, or varying degrees of involvement of each mechanism, and any
possible state collectively characterizes a possiblé G—staté..
Since the description for any possible state will, by definition,
differ from that for any other, the collective characterization
will differ as well. The idea is similar to considering the possible

combinations of any three variables, the numerical sum of which

equalg any number you wish, say 10, where 10 is analecgous to a



particular G-state. The cominations, 1, 2, 7; 2,-7, 1; and 7,
1, 2 all equal 10, altHough by virtue of different series of ™
numerical values (parts). Similarily, any G-state for Nagel may

be the dutcome of different combinations of the effects on system”
S of the, theoreticaliy, three‘parts. ‘

- Parameter III, 2, that certain G-states will be impossible
to attain, glso éollo&é from p;ppertiés II, 2,;3, and 7. Given
the resfrictions placed upon‘the parts, certain goéls, or G-states,
will be unattainable.

?arame&er III, 3, that the possibility of attaining G
implies that § eiﬁher'has G or will have G, is a function of the
interrelationship between the parts (II, 5), about-which more can
be said.shortly.

Parameters 4 and 5 follow from properties II, 5 and 6.

Straightforwardly, if it is possible for $ to attain G, and Lf S

is not in a G-state at time tj then, at tj, S is characterized by

a state which is not a G-state. Secondlyv, if all possible G-
states are determined by the possible values of, or relations
between, the parts, any acéual G-state is determined by any
actual relations between the parts. Sinée the relations are always
such as to return the system to a G-state at time tl,assuming
that sysﬁem S is not in a G-state at time t;, whenever a particular
G-state is maintained, it is necessarily the result of some previous
S-state.

How these properties of svstem S emerge, the most character-
istic of which are presistence, plasticity and orthogonality, %s

explained in terms of the reciprocal..relationships the parts have

R
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to cone gnother. At this point in‘hié'discussion, Nagel introduces

the concept of a pitmary variaiion which evokes atdapiive or

an

compendatony variations in the remaining parts, which adjust the

system and return it to the G-state. He writes:

XL

WL A T e

If S is in a G-state at a given initial instant

t1 falling into some interval of time T, a change
‘in any of the state variables will in general take
S out of the G-state. Assume that a change is
initiated in one of the state variables (say the-
parameter 'A'); and suppose that in fact the
possible values of the parameter at time t; with-~
in- the interval T but later than t; fall into a
certain-class K, with the proviso that if this

“were the-Sple change in the state of S the svstem

would be tagggdgut of its G-state. Let us call
this initiating cheftgera Yprimary variation" in
S. However, the parts A, B, and ¢ of § are so
related that, when the primary variation in §
occurs, the remaining’parameters also vary, and.
in point of fact their values at time ty fall
into certain classes KB and KC . respectlvelv.
These changes induced in B and C thus vield
unigque pairs of values for their parametérs at
time t;, the pairs being elements of a class
Kge'- Were these changes the only ones in the
initial G-state of S, unaccompanied by the indi-
cated primary variation in S, the system would
not be in a G-state at time ti1. As a matter of
fact, however, the elements of Xp' and Kpc'
corresnond to each other in a uniquely reciprocal
manner, such that, when S is in a state specified
by these correspondinq values of the state
variables, the system is in a G-state at time tj.

Let us call the changes in the state of S induced
by the primary variation and represented bv the
pairs of values in Kge' the "adaptive variations”
of S with respect to the primary variation of S
(i.e., with respect to possible values of the
parameter 'A' in Ky'). Finally, when the system
S satisfies all oF these assumptions for every
pair of initial and subseguent instants in the
interval T, the parts of S causally relevant

to G will be said to be "dlrectlvelv organized
during the interval of time T with respect o -
G" -- or, more shortly, to be "directively
'organlzed" if the reference to G and T can be
taken for granted. (415)



.

Adactive‘bariations thus counteract the effects of primary- -

5 . - - .
variataons on the szstem, such as to adjust the system in a manner

-

., :
which naintains a certain internal state oF affairs (r—state),.

quing the system the appearance over time, of beinq directivelv

orqanized self—requlatina or pur9051ve. The recmprocal relation .

between the parts requires that the parts be. indisoensable, -

. otherWise the causal ccuntereffect necessary to self—regulation

$ .
.could notagktain; multivariant,.to.permit_a range-of possible .

adaptive vatiations; class—restrictiﬁe, to enable any adaptive
variatiqq to be trulv adaptive and not counterproducﬁive, orthogona{,
to alleow'the physiological interaction which occurs between the
variables; persistent, in so far as the overall effect on the system
of the codnterplay between primary and adaptive variatiohs is to
maintain a G—statef plastic, to enable the svstem to respond appro-
priately to a wide range of possible disturbances; deterministic,

to allow the system to be exhaustive}y characterized in terms of the
possible values of its variables. The f£ollowing chart sheould help
clarify the analysis, which develops from the phenomenon of self-
regulation to the causo-physical interplay between parts, variations
in the values of which are either primary or adaptive. (See chart
page 23).

Ultimatelv, I believe, Nagel's distinction between systems
of self-regulatioﬁ and ones of simple physical equilibrium collapses,
unless we make use of teleologicai concepts. In other wards the
concept of orthogonality, the most characteristic feature of self-
regulating systems for Nagei, loqicaliy requires teleological concept’s

for meaning. Morecver, the reciprocal relationship between parts

et bdaan .



Chart I ' ' .

SELF-REGULATING, PURPOSIVE BEHAVIOUR I

operates within 5 parameters

Plurality of Plurality of Restriction of = Inclusion of
attainable G- unattainable actual S-states G-states as a

states G-states subset of S-
III, 1 ~ III, 2 III, 3 states
: - III, 4
y \ s

Determination of

G-state as a func-

tion of a vrevious N

S-state ) ,

III, 59 .. |

parameters of whole permitted by
7 properties of parts

orthogonalitﬁ persistence plasticity 1
iTI, 4 - II, 5 I, 6

indispensibility multivariance restriction determinism
II, 1 II, 2 II, 3 I, 7 l

7 properties.,of parts emerge
from reciprocal relationship
- between parts

N
; | s causal . S
primary variation ———m——— adaptive wvariation
" causal . |

The analysis proceeds from self-regulation to the reciprocal re-
lationship between parts; properties II, 4, 5, and 6 are major, the

remainder are presupposed.
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which gives rise to this>most characteristic* feature, and which
supposedly provides a purely causal.account of qoaleirectea‘
behaviour, is in fact covertly teleological. It too logically
requires teleology for its eiplication._rIf the distinction‘getween
self-regulating and equilibrium svstems is useful and meaningful
in science, as I believe it to be, teleological concepts are alsc
useful and meaningful. And if the idea of a reciprocal relationship
between compenents in a éystem is physioloqically significant, which.
it ié, then so too are teleoloaical concepts. Just.how teleological
. concepts enter the pi;gtre Naagel has qi&en us will form part of my
critical appraisal in Chapter III. We can now proceed with the

«

second issue in the debate on teleoloayv.

-

.3. THE SECOND. ISSUE: THE' LOGIC OF;FUhCTIONAL EXPLANATION 1

3.1 SCIENTIFIC EXPLANATION

lBiblibgraphical note: This section concerns the work of two philesophers,
quotatic:ns froem whom are followed by a page number enclosed in brackets.
The works .are: ASPECTS OF SCIEﬁTIFIC EkPLANATION,'C.G. Hempel, The Free
Press, New York, 1965; and, "Fungtional Analysis", Robert Cummins, THE

- JOURNAL OF PHILOSOPHY, 20, November 1975. |



Scientific explanation is a subject central to philosophy
of science and no less so in the special field of philosophy of |
biology. It.is held that research in science aims beyond'the
discovery and aescription of natuéal events and processes. Under- ‘
standing is the target, understanding why phenomena haopen as they
do, when they do. Explanation is taken to be the criterion of
.scientific understanding. Hence swnecifyving the logic of scientific
explanation is a philosophical problem. Yet hgw the problem is con-
ceived .depends on whether it is taken to be a criterion of under-
séaﬁaing in the sense of "a successful resolutiop of someone's
psvchological puzzlement about .a matter, or a criterion for a formal
concept, the satisfaction of which entails conditions such-as
conceptual completeness, parsimony, consistency and proot. Moreover,
offered solutions to the problem of scientific éxplanation articulate
different viewé-on cognitive siqgnificance, the nature of a theéry,
the placg and dutyv of a law, and even about the verity of things
percei&eq and whether the true aim of science is not just understanding,
but control. The problem is complex, and many issues,K can be covered.
For this reason, philosophy of science is considered a fresh per-
spective on many traditional problems of rhilosophy.

My interest in this section is restricted to two opposed
positions which do consider explanation to be a criterion of formal
understanding. These positions profess to be precise accounts of
the logical structure of explanration. Accounts of this sort enable

us to show whether the primary aim of a given science, as formal

understanding, is ever achieved; which of its purported explanations
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fail, and why, and where formal understanding is logically weak.

The science in éuestion is of course biology.
3.2 PRELIMINARY STATEMENT

Explanations in biology characteristically use the term
"function" in accounts of phvsiological and behavioural processes.

For example:

(1) The function of the heartbeat in vertebrates is blood
circulation.’

(2) The function ®f the contractile vacuole in fresh water
protozoa is the elimination of excess fluid firom the
organism. )

(3) The kidney's furction to remove electrolytes, water and
waste products from the blood stream.

(4) The scratch-reflex functions to groom the hide.

Frequently, the notion of function is expressed by equivalent
terms, such as "serve" and "role", and sometimes it is simply implied
in a statement. Thus:

(5) Piloerection serves fo instil fear.

{(6) The colourful plumage of male birds has a keg role in -

mating. ;
(7} The.anthropoid brain guarded against the extinction of
otherwise defenceless primates.

What the notion means is problematic, as is whether its use
affects the logic ©of functional egplanation. Bv contrast, phvsics
and chemistry explain phenomena in strictly causal phrasecleogy that
does net, implicitly or ctherwise, rely upon the notions of function
purpose or goal. This has lead to the suspicion that biological

science is methodologically autonomous.
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Such a position has been developed by Robert Cummins in
‘his essay "Functional Analvsis™. Cummins has many strong cbjections
to %arl Hempel's presumption that éll explanation in science should
conform to his deauctive—nomoloqical model (hereafter referred to as
the D-W model) and that functional explanation in biologv is no
exception. I will examine the D-N model, and then how Hempel extends
i£5 application to functional egplanation. Cummins' criticisms
are to be discussed and his alkernative model o% functional explana-
tion will be considered. I hope to offer a reascnable defence of
Hempel's core position on the D-N model énd show why Cummins' positive
thesis fails. Chapter IV contains what I think is a more satisfactory

account of the deductive-nomological nature of functional explanation.
3.3 THE.' DEDUCTIVE-NOMOLOGICAL MODEL OF EXPLANATION

"The Logic of Functional Analysis" begins by restating the.
well known model of D-N explanation. Hempel designed this model
to account for properties necessary to adequate explanation in an
exact science. Physics and Chemistry are his exemplars. Any
purﬁorted explanation meets the requirements of the D-N model, and
qualifies as scientific explanation, should it:

(1) Make explicit ‘reference to cne or more general law(s),
(2) Involve a deduction of the explfanandum €rom the explanans,
(3) Have empirical content, significance or meaning. (247)

The idea is thus represented:

explanans l. Lj-....Lp - statement of one or more general
: i law(s).
2. Ciee... Cn - statement of initial and boundary
conditions :
expﬁanadum' 3. Therefore E. - statement of the event to be

explained (usually of the form,
"Therefore E occurred.")
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A.general law specifies somé universally valid relationship
between certain kinds of conditions and certain kinds of events.
Such kinds are simply c¢lassified observables. In part, a general
law - for example, "All immersed bbﬁects having a density less than
that of the surrounding iiquid necessarily float" - is a tool for
cla551kv1ng observables into groups or kinds. Spatio-temborallv
unique circumstances are rendered familiar, lntelllqlble, through
classification. 1In particular, classification using general laws
draws attention to a necessary relaticnship between the classified
observables. The example defines a causal relationship between
the antecedent conditions, 'an immerged object having a density less
than that of the surrounding liquid;} and the éonsequent event,h
'an object floating'. In other wwords, a set of certain kinds of
conditions sufficiént for one kind of event is specified by such a
' law. Every event is presumed to have a cause, and it ié-no accident
that the majority of laws of a mature science are causal. Explana-
+ions that incorporate causal laws are causal explanations, under
the D-N model.

Satisfyving the first formal requirement goes a long way
towards meeting the others.- Logical deduction of the expzanandué
is possible with a causal law among the statements of the explanans.
Yet what is deduced is a statement about the occurrence of a part-
icular fact (e&pﬂananduml. Although the laws are about kinds of
observables, a2 scientific expianation is typically about particufarns.
The aboutness relationship is an informal conditiqn of scientific
explanation. Thus statements df initial and‘boundary conditions must

accompany relevant laws if the explanandum is to be deduced from the
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explanans. Having incorporated the example law into an explanans,
to causally explain the’ occurrence of a particular floatina object
p, the explanans Ffurther requires statements of initial and boundary
conditions, such as:’

8(a) At time &, object p is placed into a beaker filled with
liguié q. :

(b) Object p has "a density of x grams per cubic centimeter.

(¢) 'Liquid ¢ has a density of vy .grams per cubic éentimeter,
where v is greater than x.

Coupling statements 8 (a-c) with the example law will entail Fhe
explanandum: “Tﬁerefore, at tiﬁe t, object p floats in liquid g.”

- Third and last, an exblanation is empirically meaningful if
what it purports about the world is either true or false and, if

this can be ascertained through direct or indirect observation.
Statements of the initial and bpundary conditions are just reports
from the observer's notebook. Although scientific observation is

an acquired skill, the empirical meaning of the observation state-
ments is relq;iégly unproblematic. Provided an observation statement
is an honest report of what is at hand in a giveh experiment, that
is, provided no reference is made to immeasurabie entities, the
statements will be eilither true or false., Further, in large part

the explanandum too.is an observation statement. Yet the explanandum
also involves Qoﬁ-empirical, logical terms for example, "therefore",
"hence" or "tﬁﬁs"; Of course, given the statements about initial

and boundary conditions, the use of such non-empirical terms is
licenégé by the general law incorporated into the explanans. Thus-.
the problem of the empirical meaning of any scientific explanation
revolves around the problem of ascertaining the empirical status of

the relevant general law(s) used in the explanans.
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General laws do not refer directly to.ﬁarticular observables,
but to classes; theilr reference to particulars is réving and oblique.
Hempel has written an excellent chapter on Ehe problems and changes
:in the Emﬁiricist criterion of cognitive significance (Asbecté,
101-122). 1In essence, the Herculean task is to specify the reguire-
ments for a scientific language that admits of logical terminclogy,
extralogical universal and existential statemeﬁts,‘yet excludes the
use of metaphyvsical and theological statements which partly refer to
observables and partly to that which is unobservable. Extralogical
statements are admissible if thev are ztestable.

This brings our very brief discussion.on Hempel's theory of
D-N- explanation to his thesis that explanation énd prediction are
structunally {somoaphic. Explanation and prediction have the same
logical structure according to Hempel, such that any D-N explahation
could have served to predict the occcurrence of the event otherwise
explained. In otherwords, the explanandum can operate as either a
statement of that which has occurred and requires explanation, or as
a statement of that which is expected to occur and wants prediction.
The only difference between explanation and prediction, as hereconstrued,
is the time at which thg observer constructs a D-N argument. Ex-
planation is either during or after the fact, and prediction is
accomplished before the fact. ‘

The thesis is most poéerful, for it ?rovides the means to
test purported explanations. An explanation is empiricéllyiﬁeaning-
ful if it could have served to predict beforehand what it purportedly
explains. The structural isomorphismof explanatior and ;rediction is

attributable to the universality of a sc;entific law, and thus by

-

[
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means of géneral laws explanations are testable and their empirical
meaning is ascertainable. Under the D-N model, the use of general
laws is of paramount imporﬁance if the occurrence of a natural event
is to be explained with the precision required of formal understanding.
| The D-N model has been criticized as factitious. Few examples
of explanations that.are considered scientific, it is argued,
evince the structural characteristics of a deductive-nomological
explaﬁétion. Its structure is unusual in phvsics and cheémistry,
rarer still in the biomedical sciences, unheard of in psychology and
sociologv and, séﬁe say, even impossible or wrong-headed in historv.
The most characteristic feature of D-N explanation is at once its
greatest point of contention: that scientific explanation reguires
the subsumption of its subject matter under general regularities or
laws.

Hempel's model is not, hoﬁever, simply a description of
actual explanations offered in empirical research. Thus, even though
an actual explanation mav not have the appearance of a deductive
argument, {n principle, itlmust be able to conform to the D-N model
to count as a scientific ex?lanation. Moreover, explanations that
are generally recognized as scientific are able to conform with the
D-N standards. And perhaps of greatest value, the model is suffic-
iently clear to permit problems to be identified within recalcitrant
explanations. If problems can be identified one has the direction
toward a solutioq. Finally, with explanation as the conceptual meang
to scientific knowledge, the b-N model becomes a convenient gauge of

scientific maturity, and formal understanding.
3.4 FUNCTIONAL EXPLANATION AND THE D-N MODEL

With the above position in mind, the D-N model provided the
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background to Hempel's study of functionél explanation. As he perceives
things, functional explanation is invoked to expléin the recurrent
activity of systems, such as biological systems. To evaluate the

logic of functional explanation, Hempel considers the heartbeat

éxample:

(1) "The heartbeat in vertebrates has the function of
circulating blood through the organism.”™ (305) -

The heart of course is an organ of the circulatory system,
a syvstem chaﬁ;cterized by the recurrent activity of having blood
its vessels. The question arisgs as to the meaning

\
of the term "function®". Clearly, the term is not eguivalent teo

surge through

"offect", since not every effect of the heart (beat), nor for that

matter of ag§ other biological item (organ, structure, Process,

etc.), would be considered a function. Heart sounds are recurrently
effected bv the heartbeat, vet these sounds have no obvious function
in the swstem that produces them. Tikewise, the heart adds to the

total body weight, but such an effect is not a function of the heart.

-
-

Having an evident need for a qualification, Hempel suggests that

_something counts as a function if it is an indispensable ejgeci.

.

Sentence (1) thus becomes:J/

(1) "The heartbeat has the effect of circulating the
blood and this ensures the satisfaction of certain
conditions (supplvy of nutriment and removal of
waste) which are necessary for the proper working
order of the organism.” (305)

Hempel thus' construes the function of a given trait in terms
of its causal relevance to the satisfaction of certain necessary
conditions of proper working order. As we soon will see, Cumnins

argues that in specifying the notion of function by reference to ¢
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the concept of proper working order Hempel falls victim to a trilemma.
But to Hempel, the most troublesome features of functional

explanatiqn arise if explanations having the f£orm of“l' are further

elaborated to fit the logical structure of the D-N model. He writes:

"Suppose, then, that we are interested in explaining

the occurrence of trait i in a system s (at a certain

time t), and that the following functional explana-

tion is offered: .

(1'a) At t, s functions adequately in a setting of kind

. ¢ (characterized by specific internal and ex- .

ternal conditions).
»

(b) S functions adeguately in a setting of kind <
only if a certain necessary condition n is satisfied.

(¢} If trait i were present in s then, as an effect,
condition n would be satisfied.

{d) ' (Hence), at t, trait i 1is present.in s." (310)

Note that statements (a-c) constitute the explanans; & is
the expfanandum. Both b and ¢ are law-like; a is ;ﬂstatement of
the initial and boundary conditions, and d is a statement of the
occurrence of the particular trait i. A very pointed criticism
advanced by Cummins against the above scheme, which we will detail
later, is that it pictures functional exblanation as a deduction of
thé ﬁ&eéence of some trait i from the junciion of that trait:
Functional explanation is reasoning from effect to cause, not cause
to effect,las in usual causal explanation.

However, the trouble that receives Hempel's'atten;ion is that
1" affirms the consequent: & does not follow logically from a, b,
and c. At the very outset, functional explanation fails to gualify

as a scientific explanation because it does not meet the second

requirement of the D-N model: deducibility. Hempel's attempt to
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regolve this trouble finds functional explanation skewered at the
points of a trilemma.

The trilemma may be developed with the use of a homely

example: : ™

(9a) Yestexday, Imacow (system s) functioned adequately
on farmer Brown's farm.

{b) Imacow ‘functions adequately on farmer Brown's .farm only
if sHe is milkeds and fed twice daily.

) If fdarmer Brown were present then, as an effect,
: Imacow would have been milked and fed twice yester-
day. :
(a’ {Hence) , vesterday, farmer Brown was present and

twice milked and fed Imacow.

Clearly, the argument is invalid. The milkmaid or son Robert
may have in fact milked and fed Imacow. To salvage the validity of

+ 9, ¢ must be altered to read:

{(c*') If and only if farmer Brown was present then, as an
effect, Imacow would have been milked and fed twice
vesterday.

Farmer Brown may be inclined to argue that Imacow functions
adequately only when he and only.he feeés and milks her: she produces
more milk and feeds better, and therefore functions (more) adegquately.
It is, however, difficult and perhaps impossible, to support such a
claim with appropriate evidence. Imacow might change her finicky
habits in the course of testing the hypothesis of farmer Brown's
junctional indispensablliy. Should this occur, farmer Brown may
further contend that after the testing Imacow is not the same cow,
for now she functicns adequately in the hands of anyone who milis and

‘feeds her. However, as Hempel correctly points out:

", .. this type of argument would safeguard the post-
ulate of the functional indispensability of ... {(farmer
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Brown) ... against any conceivable disconfirmation
but at the cost of turning it from an empirical hypo-
thesis to a covert definitional truth." (312)

S »
In short, the expfananda of 1" and 9 can beldedqcea from
their respectiveexplananiia mly at the cost of transform‘.nér the pur-
ported explanatiégs intoinecessary truths. Embtied in this way of
all.empirical content, functional explanation fails to satisfy the

third criterion of D-N explanation.

One might argue aqainst the above conclusion that, although

" farmer Brown is dispensable, the functional items within a biological

system are not functionally indispensable. For example, Imacow's

‘heart is indispensable to her functioning adequately. Yet it is

conceivable that mechanical hearts could some day replace normal

-

biological ones.\ Moreoﬁer, even bilologists entertain such a-
"principle of muﬂtiple solutions", as Hempel has seen:

"This Rﬁ;nciple, which has been emphasized by-

functionally oriented biologists, states that

for a given functional problem (such as the per-

ception of light) there are usually a variety of

possible solutions, and many of these are actually

used by different - and often very c¢losely related = )

groups of organisms." (311)

Biological items are as functionally dispensable as farmer
Brown.

Thus far Hempel's analysis of functional explanation leads

.

-~

to the horns of a dilemma: on one hand, if we atﬁémpt\to satisfy

the empirical significance criterion of D-N explanation, we sacrifiée
deducibility; én the other, i1if deducibility is restored, empirical
meaning must be abandoned. Empirical meaning and deducibility would
appear to be mutually exclusive properties of functional explanation.

To try to avoid the dilemma, Hempel suggests that premise
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1"c be édjusted further to read:
(e") "I is a class of all empirically sufficient
conditions for the fulfillment of the regquire-
ment -of n, in the context determined by system
s in setting c.” (312) .
At best, however, enterin§ premises 1"a, b, and c" into
an cexplanansd engbles the deduction of:(1"d") "Some one of the items
~included in class I is present in system s at time t." (312)_ In
addition, this "weak" explanation is valiq_only with the further
quallflcatlon that class I is not emptv. In terms of cur hOmelv
example, the quallflcatlon llcenses the deductlon that, "Yesterday,
sdomeone twice mllked and fed Imacow." dempel is not convinced that
‘such a quallflcatlon offers a safe ‘retreat from the dllemma, for it
leads: to the further dlfflcultv of falllng to satisfy his informal
criterion of épQCLaLCL¢y.” Explanatlon in science is considered to
explain the occurrence of particulars, vet functional explanation,
if valid and empirically meaningful, éahnot explain why one state
of affairs is necéssarily present, rather than an alternative. This .
embarrassment is the Ehird point of the trilemma of which I spoke.
Hempel-offefs the following stérn conclusion on functional
ekplanation:
| " .. its gxplanéﬁory'force-is rather limited, in
particular, it does not provide an explanation of

why a paricular item i rather than some functlonal
equlvalent of it occurs in system s." (324) -

No doubt the severe blow thus dealt to functional explanation

" prompted Cummins to examine the logical underpinnings of Hempel's

position.

3.5 CUMMINS' NEGATIVE THESIS

~

Cummins' primary criticisms of Hempel's theory of functional
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explanation have been meﬁtioned in passing. The first concerns
wh;t counts as a function, and the seéond conéerné what is deduced -
in functional explanafion. .

A function is an indispensable effect of some item i, Hempel
contends, although the item itself may not be indispensable in the
sense that an alternative item could theoretically produce the same
indispensable effects, or functions. Such effects are indispensable
to, as vet, unspecified conditions of proper working order of a
given ofganism. Hempel's'notion of function is what Cummins has
called az "selected-effects" theory.

The idea of a function being an effect indispenssble to the
prooer worklng order of an organism is circular, Cummlns argues.

M. .. it seems clear that for something to be in...

adequate or effective or proper working order is just

for it to be capable of performing its functions

adequately or effectively or properly." (753)

Wwhat Cummins construes to be tautological becomes the third
point of a trilemma, ghe'development of which bégids with the follow-
ing argument: ,

... 1f we ideﬂtiiy the function of'something'k with

those effects of x which contribute to the perform-

ance of some activity a or the maintenance of scme

condition ¢ of a containing system s., then we must

be prepared to say as well that a function of s is to

perform a or to maintain c¢." (753) -

The argument is a logical hpwler,-and I will postpone further
comment. For Cummins, however, Hempel's analysis of function eitner
launches a regress, or "breaks down at some level for lack of
. functions."™ (753-54) As Cummins views things, Hempel's de¥inition
of "function" places the burden of meaning upon the unspecified meaning

of the next 'higher order' function, to which function the antecedent

function contributes, and so on up the organizatiocnal 'hierarchy'.

-
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Or else, having reéched the final step of the hierarchy, there are no
.more functions to which reference can be made and the ’analysis' of
a system's functions breaks down. Thus, for example, "Perhaps
protozoaﬁs have no funetions;" (753) If a system has no function,
the antecedent functions which contribute to the proper working
crder of the system—without-a—function cannot have their meanings
specified, and the regréss proves to be fruitless. Shoulé the con- °
taining system have a function, Cummins would appear to be unhappy
abouf the need to regress to that function to understand the meaning
of the contained functions. An adeguate definition of "function™
should provide an uﬁdersfanding why, for example, blcod circulation
is the heart's function, without reference to a containing system's
role in an economy, natural ocr otherwise. -

To avofd what is so far a dilemma, Cummins says it must be
determined: ’ »

"...whether a thing's function can plausibly be

identified with those of its effects contributing

to the production-of some activity of, or maintenance of

. some condition of, a containing system, where perform-

ance of the activity in gquestion is not a function of

the containing system." (754)

A possible solution Cummins entertains specifies the notion
of proper working order in terms of species survival. On this
critterion, a function is viewed to be an effect of an item that either
directly or indirectly contributes to the organism's reproductive
potential, and hence to the survival of its species. The elimination
of excess water, for example, satisfies this critericn, since the -
activity keeps fresh-water protozca from bursting with extreme

osmotic pressures, and this helps to maintain the reproductive

potential of such organisms.
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Although many applications of the notion of function_satiéfy
the criterion, Cummins finds it too restrictive even within the field
of biology. Should fresh-water protozoa be successfully iﬁtroéuced
into s;lt—watex,.Cummins speéulates, their contractile vacuoles could
not effect an elimination ¢of an excess of water, for water is scamxe
in a salt-water environment, vet the potential for the activity remains
and it is thus correct to refer to that as the function of the con-
tractile vacuole. Again, flight is the function of the wiﬁgs of a
pigeon, vet flight may simply waste energy in an environment free

from predators and abundant in food. Flight then has no survival

- -

value, vet it remains the function of a pigeon's wings. Only if an

item ceases to have the capaciiy for an effect is it proper not to

select it as a function of the item, Cummins argues. Such is the case
with the wings of ostriches and penguins, which do not have the capacity
for flight, and thus flight is not considered their function. Cummins'’
positive thesis develops the idea that the notion of function means
having a capacity.
| However, these examples tell Cummins that the concept of a
biological function must be specified "independently of evolutionary
considerations." Moreover, in the restricted cases where such con-
siderations are relevant, no philosophic analysis is provided to
explain why using the term "function" is appropriate. qhé% is

I 2

offered instead is just a description of actual usage.’ To summarize

his criticism of Hemﬁel's notion of function, Cummins writes that a
"selected~effects" theory either:

"...launches a regress, or terminates in an un-
analyzed functional ascription; if not ... then
it leaves open the very question at issue, viz.,
why are the selected effects seen as functions?"
(757}
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On the matter of what counts as a anction) Cummins thinks
he has Hempel's theory skewered on the points of a trilemma.

. Cummins' criticism of Hempel's‘thinking on what is deduced
in functionai“explanation is straight<orward and effective; Hempei
assumes that a functional explanation is an argument which leads
from the observation of certain "selected-effects" to the deéuction
of the presence of & particular item having those effects. Hence
functional explanaticn is used to deduce hearts, kidneys, pancreases,
and so on, from the recurrent activities or effects cf blood circulation,
waste removal, and blood-sugar regulation, respectively. Clearly, .
however, to explain the presence of any such organ by appealing to
what the organ does "... is to 'explain' its presence by appeal to
factors that are causally irrelevant to its presence." (745) Hearts,

v

kidnevs and pancreases exist in vertebrates not because they do what =

-

-

they do, but because the organism's genes specify the development o}
such functionally significant items. Explanations cof why something
. exists which make refereﬁZe to the thing's ﬁuhction-are appropriate
cnly when explaining the functional significance of human artifacts.
A referené% to the function of sucg an item explains "why the thing
was put there." To explain, for example, why a door stop is wedged
against a door, legitimate reference should be made to the function
of the doér stop:'to hold open-the door'. Cummins concluded:

"The validity of the sort of explanation in gquestion

should depend upon the assumption that the thing

functionally characterized is there as the result

of a deliberate action." (747) -

Since this assumption is not available to the study of
" biological systems, functional explanation is inappropriate in

biology.
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These then are Cumﬁin§ main arguments against Hempel's theory ;
of functional analysis. " Functions are not .selected effect$; and func-
tional explanation is not a deduction from the occurrence of some
functional activity tolthe presence cf some item fﬁnctionally char-

acterized. ' Critical examination will follow my discussion of Cummins'

~alternative theory of functional analysis which is meant to overcome

the problems he found with Hempel's theory. Cummins presents a position
on what counté as a function, and then sketches a moéel of explapation,
termed "function-analytical explanation®, which is suppogédly both
distinct from D-N structured functional explanation and such as to

P

legitimize the use of functional terminology in bioclogy. _
3.6 %‘MMINS' POSITIVE THESIS

.\\ In Cummins' view, to name a functién is to name a‘qapacity'

of some system. This is gualified with the understanding that a -

_system may be‘capable of a function £, but never reaIize f. On the

cther hand,'i may function as an £, although £ may.not be the function

cf i. Thus a pump is capable of pumping, and pumping’'is its function,

yet circumstances may be such that it never actually pumps. It may

for instance corrode away in the corner of a warehouse full of pumps.

In contrast, another item may function as a pump, a surgeon's hand

for example, although pumping may not be its specific function. dHdowever

this may be, according to Cummins, iflsomething admits of a certain

function, or if it realizes its proper functicn, it-must obviously

have the capacity for that function. In short, functions are capacities.
A capacity is analyzed into a disposdition to behave in a —

predictable manner, given a.set of antecedent "precipitating conditions"

that activate the disposition in gqguestion. The relation between

~
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the precipitating conditions and the dispositional act is a law-1like
regularity réferred to by Cummins as a "dispositional regularity"
The capacities of‘a system are thus its dispositional regﬁlarities,
and 'when a system manifests a specific disposition, one of its
functions is said to cperate. Thus the heaft functiéns as a pump,
since pumping is a disposition that is regulaf;y manifested.
Functional analysis is motivated by a tvpe of problem in
formal understanding, on Cummins' account. Explaining how the total
capacities of a given organism are p0531ble, or explalnlng/how any
one capacity can operate, is the type of problem a functlcTE{ analysis
~
'is invoked to explain. He contends that functional expianaszﬁ/has
makters reversed; one cannot explain the presence of an item or cause
by reference to its capacity or effect, rather, functional analysis
should be designed as explanations of wvarious éapacities by reference
to the items that cause the capacities to be manifested. That is,
functional analysis should be deéigned tc explain "how the orgaﬁism
comes to exhibit certain characteristics of behaviour." (749) To
explainithe function of the heart in vertebrates is to indicate how
the éapacity for circulation is poésible.

’ So construed, how does the logic of explanations renderéd in
functional analysis differ from that of the ordinary causal explana-
tions we locked at earlier? The difference lies in what Cummins ca®ls
the style of function—analyticéi explanation., Such explanations are
not deductive-nomological, or so he claims.

Cummins characterizes two "styles" of explanation, the
"subsumption strategy" and the "analytical strategy”, and ventures

:that "the appropriateness of function-ascribing statements corresponds



+o the second of these two strategies." (758) The Subsumption
strateqy'is appropriate whenever a general law can be used to explain
the relation between certain kinds of (antecedent) precipitating
conditions and certain kinds of dispositional regularities. Though

not unique to a giveh dispositional regularity, the law points -out

_the kind of precipitating conditions that, if present, are sufficient

to the disgosition's being regularly manifested. The precinitat;ﬁé
cqnditions and the dispositional éecularity are simply subsumed under
a general law, and presuﬁably, explanations that engage the subsumption
aré drawn from biology fof this stvle of explanation. However, the
suggestion is made that if an analysis caﬁ reach "the level of pure
phyvsiology"” the subsumption strategy becomes appropéiate. Yet,
again, it is unclear what "Dure rhysiology™ means - biochemistry?
This obscurity weakens the distinction between strategies.

. Leaving the ﬁrouble aside for the moment, Cummips argues
that if the causes Orx precipitating conditions g&e_unique to their
effects or dispésitionalvregularities; the analvtical strategy is
the one to use for d*planatidn. He writes: .

vRather than subsume a dispositional reqularity

under a law not special to the disposed okbjects,

the analvtical strateaqy proceeds by analvzing a

disposition & of a into a number of other dispos-

itions d1 ... &n had by a or components of a such
that programmed manifestation of the d; results in

or amounts to a manifestation of 4." {(759)

s
A complex capacity {(disposition or function) is thus explained

By analyzing it into component *apacities. In other words, the
analytical strategy proceeds by breakina down a macroevent 4 into

a number of microevents di ... dp which, when manifested in sequence,
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or according to a "program", emerge as the macroevent d. Moreover:

express

"Such an analysis allows us to explain how the
device as a whole exercises the analvzed capacity,
for it allows us to see exercises of the analvzed
capacity as prograrmmed exercise of the analvzing
capacities. In this case, the "proqgram" is given
by the lines indicating how the compmonents are
hooked up. (0Of course, the lines themselves are
function symbols.) '

Functional analyvsis in biology is essentially
similar. The bioclogically significant capacities

of an entire organism are explained by analyzing
the organism into a number of "systems"™ - the
circulatory system, the digestive svstem, the
nervous system, etc., - each of which has its
characteristic capacities. These capacities are

in turn analvzed into capacities of component organs
and structures. Ideally, this strategyv is pressed
until pure physiology takes over, i.e., until the
analvzing capacities are amenable to the subsumption
strategy. We can easily imagine biologists ex-
pressing their analyses in a form analogous to the
schematic diagrams of electrical engineering, with
special svmbols for pumps, pipes, filters, and so
on.. Indeed, analyses of even simple cognititive
capacities are typically expressed in flow charts

or programs, forms desiqgned specifically to re-
present analyses of information processing cavacities
generally." (760~61)

Presumably, schematic diagrams are not the only method to

such an analysis. The causal relation between the antecedent

microevents and the resultant macroevent is expressible in a narrative

which would describe a continuous series of microevents that produces

a programmed manifestation of the macroevent. Such a narrative

- ! .
‘could be supplemented with a schematic flow chart or diagram that would

picture

the complex causal network described in the narrative.

Any physiology textbook abounds in examples of flow. charts and

descriptive narratives.

Having outlined the explanatory style of the analytical

strateqy, Cummins returns to the problem of the appropriate use of



the term "function" in bioloqy. His views on the notion of function =
and on the analyticai strategy dovetail into his theory of “fuﬁction—
analytiéal explanation". According to Cumﬁins, it is only appropriate
to use functional phraseclogy within the context of some analysis

of the capacities of a containing svstem. WWithout a containing
svstem, such an analysis is impoésibler and without such an analysis,
functional terminology ié inapprépriatg.‘ .

"rre is appropriate to sayv that the heart functions
as a pump against the background of an analysis of
the circulatory system'’s capacity to transport food,
oxvgen, wastes and so on, which appeals to the fact’
that the heart is capable of pumping.” (762)

Function-ascribing statements are therefore implicitly dependent
upon an analytical context. The general idea is thus defined:

"x functions as a @ in s (or: the function of x
in s is to @) relative to an analytical account
A,of s's capacity to ¥ just in case x 1s capable
of g-ing in s and A appropriately and adequately
accountg for s's capacity to d by, in part,
appealing to the capacity of x to g in s." (762)

Méreover, the above definition of appropriate use of

functional phraseology,

". .. makes no provision for speaking of the function
of an organism except against a background analvsis
of a containing svstem (the hive, the corporation,
the ecosystem). Once we see that functions are
appealed to in explaining the capacities of contain-
ing systems, and indeed that it is the applicability
of a certain strateqy for explaining these capa-
cities that makes talk of functions appropriate,

we see immediately why we do not speak of the
functions of uncontained containers." (763)

That functions explain the capacities of containing systems
is a point Cummins repeated throughout his criticism of Hempel's

theory of functional explanation. The companion claim is now made



that capacities‘are SO explained by virtue of a "function—énalytical
explanation" which "mediates the conneétion between functional
ascriptions (x functions as a @, the function of x is to g) and the
capacities of the containers.” (763) Functions are linked to
capacities, or eqgually, "capacities emerge as functions", within

the context of a function-analvtical explanation. A function=-
analvtical explanation is just an applicatién of the analyvtical

strategy that expressly.uses function-ascribing statements.

3.7 CRITIQUE OF CUMMINS' THESES

If we work.back from Curmins' theory of function-analytical
explanation, to his two criticisms of Hempel's position} we find
fatal problems with both his positive and negative theses. 1In the
positive thesis, Cummins' distinction between the analyvtical and
subsﬁmption strategies appears to rest upon a misunderstanding of
the nature of an empirical law, and of its role in causal exﬁlanation.

The subsumption strategy, we saw Curmins remark, employs
"laws gAEErning the behaviour of things generally, not just things
" having” the disposition in question. How is the;m:aée "governing
the behaviour of things generally" to Be understood? Judging, from
the manner in which Cummins uses it, it appears‘to mean Jgoverning
things in general®, for the laws cannot provide an account that is
"unique" to what has occurred, but can only provide non-unigue accounts.
Examples of non-unique laws that govern the behaviour of things
in general must be:

i) Every event has a cause.

ii) Two objects cannot occupy the same point in
space at the same point in time.

iii) An object's spatio-temporal framework is
anisotropic.
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Yet these are not empiricél laws, but metaphvsical statements
referring to the basic structure of the world, the basic structure
of things in general. In sharp contrast, empirical laws do refer
to épeciﬁiﬁ sbrts of things. Tﬁey indicate-of a particular occurrence

that its presence is not unique, but an instance of a familiar

_causal routine. Cummins has fallacidusly reasoned that because a

1
law denied uniqueness to a particular event, the law itself becones

nen-unigque and a governor of things in general. However, the denial
of uniqueness is specific to certain classes of particulars: empirical

laws are not metaphvsical statements, and thus the former have

‘explanatory efficacy within attempts to understand particular

occurrences. Archimedes' principle, té which Cummins refers in his
example of explanation.via the subsumption strategqy, i; not an examplé
of a law that refers to things iﬁ general; Archimedes' pfinciple
refers cnfy to those objects evincing the behavioural characteristic
of 'elevancy' when immersed into a liqﬁid of greater dénsity.-
Empiéicai laws do not govern the behaviour of things generally, only
the general (i.e. routine) behaviour of specific sorts of things.
Supposedly, -explanation via the analytical strategy does
not relv on general laws, bét proceeds by breaking down a complex
event or svstem into componeﬁts. Yet how coufd the analytical
strategy proceed without general laws to classify and explain various
dispositional regqularities? How, for example, could it be determifed
that the set dj ... d, is the actual cause of 4, and not some cther

set ¢} ... © unless a general law is available which specifies

n’
that the former is the kind of thing that can give rise to d, whereas
the latter is not? Morecver, it does not appear possible to refer

to a dispositional regularity as a reaqularity pea s¢ without supposing
7/ ~ ’
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that it is an ;nstance of a Aausal routine, 'governed' by an
observation statements, such as 41 ... dp

/
at a statistical correlation betweeﬁ

empirical law. No number o
and &, can de¢ more than hi

+he former and the latter Any 'if-then' proposition implies

reference toc a general law. -

Moreover, flow charts are not used‘iq biology to depict
unigue events, and they do iﬁply 'if—thggh propositions. In fact:
a flow chart is useful precisely becausé it is a kind of explanation-
sketeh of-a causal rqutine., In the biosciences, the lines of a
flow chart typically represent causal routines and go proxy for
general. hypotheses about a given phfsiological mechanism. Let us
consider an'eiample of a very useﬁul theorf of physiologyf the
theory explaining the cyclic—-AMP mechanism by means of Qﬁich many
hormones exert their control ovér cell éunction. The egample is
from Guytoﬁ's Textbook 05 Medicaf Physiofogy (W.B. Saundefs,

Philadelphia, 1976).

’//’
’/
-
cell
membrane
ATPee——— 5'—AMP
o
HORMONE L [aDENYL o MgHF
CYCLASE
"Teceptor | CYCLIC 3', 5'-AMP + PPi’
~_ t } . . l
~. |
~. J PHYSTOLOGICAL RESPONSES
e -

1. Activates enzymes

2. Alters cell permeabkility

3. Causes muscle contracticon
or relaxation

4., Causes protein synthesis

5. Causes secretion
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The following narrative accompanies the flow chart:

“Manv hormones exert their effects on cells by first
causing the substance cyclic 3', 5' adencsine monc-
phosphate (cyclic AMP) to be formed in the cell.
Once formed, the cveclic AMP causes the hormonal
"effects inside the c¢ell. Thus, cyclic AMP is .an

- intracellular hormonal mediator. It is also fre-
quently called the second messenger for hormone
mediation - the "first messenqger" being the original
stimulating hormone.

(The €low chart) illustrates the Ffunction of cvelic
AMP in more detail. It is believed that the stim-
ulatinag hormone acts at the membranre of the target
cell, presumably combining with a specific receptor
for that particular type of hormone. The specificity
of the receptor determines which hormone will affect
.the target céll. After binding with the receptor,
the combination of hormone and receptor activates the
enzyme adenyl cyclase in the mémbrane, and the
portion of the adenvl cvclase that is etposed to
the cyvtoplasm causes immediate conversion of cvto-

* plasmic ATP into cyclic AMP. The'cvclic AMP then
initiates any number of cellular functions béfore
it is destroyed - functions such as activating
enzvmes in the cell, altering the cell permeability,
initiating the svntheszs of specific 1ntracellular
proteins, causing muscle contraction ok relaxation,
initiating secretion, and many other possible effects.
The types of effects that will occur inside the cell
are determined by the cell itself. Thus, a thyvroid
cell stimulated by cyveclic AMP forms thyvroid hormones,
whereas an adrenocortical cell forms adrenocortical
hormones. ©On the other hand, cvclic AMP affects
epithelial cells of the renal tubules by increasing
thelr permeability to water.™ (990-91)

.

Although the above explanation appears less like a D-N
explanation and more like a narrative about a continuous series of

events, as per the analytical strategy, it abounds in tacit ref-

erences to general laws. The following is one law implied in the

narrative:

(Ly) Cyclic AMP is a certain kind of hormone, which
is a certain kind of chemical substance, and if,
at time t, cyclic AMP is present within a certain
kind of membrane, cvclic AMP is disposed to effect
certain kinds of changes within the cell proper.
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Ly is a géheral law insofar as it asse;ﬁs a caﬁéaﬁ routine
between certaip kinds‘of.conditions and events: respect@vely thosg
which includé, among other condiﬁibns, the ﬁresence of a ééll
membrane and cvclic AMP mqlecules, and the event of a certain kind
of physioleogical response‘(e.g., protein svnthesis). Lj does not
refer to particular molecules of ¢yciic aMP, to parﬁicular cell
membranes, nor to individual»éxamnles of protein synthesis. If.the
example £rom Guvton captures what Cummlns had in mind about the
analytical strategv, there appears to be nothlng about the strategy
to prévent it from.collgpsing into the sgbsumptlon strategy - i.e.,
i?to what Hempel termed a D-N explanatiSn. Function—-analytical
explanatio;, of which the Guyton narrative is an example since i?
uses functional phraseclogy within the context of an analysis of the
cyclic AMP mechanism, fails to secure a logic (style) distinct from
D-N explanation.

It was remarked earlier that Cummins rejects - functional
explan;tion as inappropriate to accounts of natural systems, becaﬁse
.such accounts cannot presume that the functionally characterized
itemﬁfexiét as the result of a deliberatéd act. I also said the
criticism’is effective against Hempel since Hempel presumes at the
outset that one ought to be able to deduce the preseﬁce of panticular
items from their functiopal effects or capacities. As effective as
it is, Cummins inconsisténtiy permits functional explanation, as
arguments from effects to specific causes, to enter his ownrtheory
. of function-analytical explanation. On”page;751 he claims: "the
function of an organ is appealed tdﬁ%xplain the bioclogical capacities

of the organism containing it."™ Functions expfain, they are not
» .

simply appealed to in descriptions. What is the logic of such

I

.
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eﬁplanatiops which show how it is that an organism has certain

capacities because of the presence ‘of certain organs’ What logical

rule allows the inference? Cummins® response'ls most peculiar:
"Our best (only) explanation of photosynthesis
requires chloroplvll, and our best explanation
of coordinated activity requires nerve tissue. -
But once we see what makes this reasoning leg- )
,itimate, we see immediately that inference 2o
an explanatlon has been mistaken for an etplan-
ation itself." (748)

The sort of explanation inferred when we "legitimately"
reason from function tpo cause is, of course, a function-analytigal
explanation. In etherﬁnrds, we are to believe that reasoning from
function to cause is_legitiﬁate since it is an inference to some
‘causal explanation of the form, dy ... dp—— 4, or i———ef. But

this appears to affirm the consequené, i.e., he appears to argue

that 'f —31i’ is legitimate, because (f—»i) —>(i"—3f) .and

E———»f’is true! If Cummins has not fallen prev to this‘fallacy, I
" _ 7 £ - ! .

am uncertain what he means: he certainly offers no‘philosophical

-

analysis of why inferences from f to i are legitimat@js he simply
uses them. .Yet this is preciéelv the proﬁlem Hemﬁel tackles in -
his essay: specifying the loq1ca1<g;ounds that justify the pre-
valent inferences in biology from functional capac1tles to the
presence of items functionally éharacterized. In short, Cummins'
positive thesis not only_failéfto provide a convincing alternative
to the D-N model, but returns us to Hempel}ﬁ problem of attempting
to fit functiopal explanation into the dedugtivg-nomological frame-

work.

Cummins' negative thesis attempted to develop a trilemma

-
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from Hempel's_apparent equation of the notions of function and proper -
working order. The first and second points.of the triiemma, however,
are developed from yet another fallacy, and the third omits to consider
Hempel's discussion of 'self-regulation', which'is a non-tautological
account of the notipn of function. Cummins argued that Hempel's
theory of functions either launches a regress or breaks down at some
level for'want of functions in the organizational hierarchy. This

is true provided we accept the assertion:

"... if we identify the function.of something x

with those effects of x which contribute to the

performance of some activity a or to the maintenance

of some condition ¢ of a‘containing system s, ihen we

mudi be prepared to say as well that a funciion og 4

i8 to perfeam a on o mainiain c¢.™ (753, underlining
mine) . -

Had he applied the argument to gg_example, he Wwould have
guestioned ité validity. Although one is prepared to claim, ‘the
function of the contractile vacuole in fresh-water protozoa is the
elimination of excess water from the organism’, one is not inclined
to further claim,-'therefore the function of a protozoan is the
elimination of excess water from itself'. What is true of a part
"is noE necessarily true of the whole. This is entirely reminiscent
of the old argument, "Since each part of the universe has a function, °
the universe itself must have a function”, which is now a. textbook
example of the iﬁformal fallacy of composiiion. The initial points

7
of Cummins' trilemma are thus developed from an application of the
fallacy of composition! |

The third point dissolves as well, rendering the trilemma

completely innocuous. Cummins failed to consider Hempel's argument

that functional language is meaningful only if "it is properly
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- relativized"™ to an adequate "general hypothesis of self-regulation”.

Hempel's notion of function islnot a definitional truth; in fact;
an eﬁtire section of his essay is devoted to the‘problem of "the
empirical import of functionalist terms and hvpotheses". (319-25) .
Here, he elabo;ates the meaé?gé of "the key terms of functional
analysis" such as, “function“, "need", "a_\kuate o; proper working
order or functiohiné“; "adaptation” and "adjustment”". Two .
definitions of "function” are examined and may be generalized as ™
follows: a function is that selected effect of an item wﬁich,

a) satisfies a need (i-é;, a set of conditions |

individually necessary and jointly sufficient

to the organism's survival).

b) is capable of adjustment or adaptation within
a svstem.

The ééhcept of survival (us§9 in a) does not refer to the
conditions “of just the barest survival but as conditions of
persistence in, or return to, a "normal®, or "healthv" state, or to
a state in which the system is a "properly functioning whole"."

{321) A function is a selected effect which satisfies a need,

which need is some condition necessary to survival, where survival

is the maintenance of what Nagel termed a f-state. Thus, for example,
controlling thé metabolic activity of cells is said to be the function

of thvroxine, in Hempel's sense, because this is necessary to main-

taining, among other things, the G-state of thermal homeostasis.
Equally, the‘concepts of adaptation and adjustment (used in b) are °
meaningful provided thev are specified in terms of “some'standard;
otherwise they have no definite meaning and are in danger of being

used tautologically or else subjectively} with valuational over-

tones." (322) The standard of normality or adjustment varies
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between groups of organisms, and an appropriate functional analysis
must therefore be specific with gespect to the scope of application
to be empirically meaningful. He writes: \ . -

"In the functional study of a given svétem s,

the standard would be indicated by Specifving

a certain class or range R of possible states

of s, with the understanding that s.is to be con-

sidered as "surviving in proper working ordex”, : .
or_as "adjusting properly under changing )
conditions" just in case s remains in, or upon

disturbance returns to some state within the

range R. A need, or functional requirement,

of system s relative to R is then a necessary

condition for the svstem's remaining in, or

returning to state in R; and the function, -
relative to R, of an item i in s consists in

i's effecting the satisfaction of some such
\functional regquirement.” (323}

In otherwords, a function is a selected‘effect that satisfies
a functicnal requirement. A fgnctional requiremeht is a particular
condition (e.g., blood-circulation or vasodilation) necessary to
the system‘s both’ remaining in éhd upon disturbance returning te a
épecifiable set of possible G<states of the system. Functional
requirements are conditions necessary to a systeﬁ's capacity to regulate i
itsélf_or maintain iés normal bioloqicai activity. Thus a function

(e.g., blood-circulation) is a condition without which a system could

not maintain its normal biolecgical activity; it is a necessary

-

condition of self-regulation. What guarantees the empirical meaning
of‘Hempel's definition of function is the specificity of the coxr- .
responding genéral hypothesis of sélf—reguiaéiont The hvpothesis

should be species specific, which enables it to be tested against

the observed behaviour of a group of organisms. And testability

provides for empirical mean%ng. ' - é

Returning for a moment to the fate of Cummins' positive f

thesis, function. -analytical explanation does not differ, in i
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principle, from deductive-nomological explanation. Cummins fails
to secure a distinct logic true for functiopal explanation, contrary
to his‘promise.' Second, his analysis of ‘function' into 'capacity',
and the latter into 'the dispositional behaviours of the parts of
the system', asserts no content which contradicts Hempel's selected-
effects theofy of function. The analyses are compatible, and merely
express the same idea in different terminology. For instance, the
idea of, 'The function of the heartbeat is blood circulation' is

captured equally well in 'either:

A capacity of the heartbeat

which helps to

maintain a is blood
A selected-effect of the -G~state circulation
heartbeat ' .

The strong point of Cummins' essay is, as stated previously,
his criticism of Hempel's assumption that functional explanation
ought to be a deduction of the presence of an individual item from
the observation of certain biglogical activities. His criticism

/!
is effective, but in developing his positive thesis on the analvtical
strategy he throws out the bahy. with the bath-water. Hempel is wrong
about what is deduced in a functional explanation, but more importantly,
he is correct about the deduction thesis: that it is necessary to

explanation, functional or otherwise. Furthermore, Hempel's trilemma

on functional explanation can be avoided.



CHAPTER II.

SHERRINGTON'S DISCOVERY
OF
INTEGRATIVE ACTION

"The purpose of a reflex seems
as legitimate and urgent an
object of natural ingquiry as
the purpose of the colouring
of an insect or a blossom.”

—- Sherrington, 1806

The Integrative Action

of the Nervous System
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1. PRELIMINARY STATEMENT : ST

-

- The defence for my thesis that teieology is necessary.to'
: unders;anding in physiolégy is grounded in Sherrington's theory of
the integrative action of the nervous system. In ghe present chapter,
I discuss heow the theory'&evelops. 'Integrative ééﬁion' is a causo-
phvsical theory that explained, for the first time, the striking pur-
pesiveness and coordination long observed in spinal reflex responses.
It would als; be the conceptual framewcrk for later studies of the
brain, as I have said,_and:%%%%me as well the genefai model for
purposivg behaviour in physiologyv. Though causo—phyéical, the integrative
action theory is also teleological, for, in Sﬁerrington's v%ew, wé
don't understand a given reflex until we know its aim or purpose.
Understanding the spinal reflex was of course Sherrington's life-time
ambition and occupation. As we shall see, through successively\more
compleﬁ orders of coordination, the "meaning" or purpose of a particular
‘reflex act becomes more certain. This is ﬁot to suggest that the
assignment of a purpose to a given reflex is an arbitrary, subjective
imposition by the obsexrver himself. Oﬁ the contrary, assigning pur-
poses to reflex acts is based on the particular characteristics which
can be directly observed in the coordinated responses themselves.
Sherrington's method of assignment is therefore empirical, a5g7not
unlike the method of generating (other) empirical hypothesés. I shall.
discuss his rules for the assignment.of'purpose.

The present discussion of integrative action will thus pro&ide

the material for demonstrating in Chapter III how Sherrington's theory

of biological organization is superior to Nagel's. The reason I believe



¢

60

Sherrington's-fheory_is successful, wﬁereas Nagel's‘is‘not, is‘precisely
because the former develops the use of teleology, whereas Nagel's |
tries to avoid it. My thinking is tﬁat, if we attempt to thoroughly
un&ersfand one area of physiology whicﬁ deals with purposive behaviour,
we will be able to better appreciate the pitfalls.in Nééel‘s position. &
'Integrative action“is\thus a case study of a scientific theory on
purposiveness, concerning which I hope to dréw correct
conclusions about both issues in the debate on teleology.:

5ﬁring the course of mv discussipn on integrative action, I
will, in passing, bring attention to Sherrington's method of research

and explanation, which will prove useful for mv critique in Chapter IV,

on the logic of functional explanation, as I see it.
2. INTRODUCTION 2

Every_schoolboy knows the knee jerk is a reflex. It is perhaps
the only reflex known to most people. The commonplage status of this
reflex is surprising whgn it is learned that less th¥n two generations
ago, the knee jerk was the one neuromuscular response that leading
physiologists of, the day could not classify as being reflex. The
reason was that the kﬁee jerk appears to have no fatent pexadlod, the

-
period between the moment a stimulus is applied and the moment a
response becomes evident. The latent period is a significant character-
istic of the true reflex, one that distinguished it from both a twitch
and a voluntdry actién. With the knee jerk, however, the stimulus
and respénse times characteristicallv appear to overlap. In a leg
held passively with its joint at a right angle, percussion of the

patellar tendon evokes an immediate, explosive extension of the lower

limb, without apparent delay. Closer examination reveals an almost
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insignificant latent period measuring only 10 sigma (1l sigma = 1/1000

second) , whereas the shortest latent periods’ among indubitable reflexes
are usually many times this value. --Reflex blinking, for ex;ﬁplé, has

a latency of 45 sigma, and among iimb reflexes, the shortest latent
period kno;n wés 17 sigma. In fact, as Sherrington reported, "the
latency for the knee jerk is but little longer than that for direct
stimulation of the extensor (muscle) itself." (IaNS, 87) For many
leading physiologists, most notablv Westphal ;nd Wallef, the very

short latent period of the knee jerk was sufficient to exclude it from

being considered a true reflex. Its many names bear testimony to its
Ty

-once troublesome status: the "knee-phenomenon", the "knee twitech",

and the name still in 'use today, cliﬁically, the "knee.jerk".

/ The problem was both theoretical and empirical. No overall
theory was at hand to explain what goes on in a reflex, to explain
latency, for example, and there'was a general absence of familiarity
with tﬁe observable features of indubitable rgflexes.‘ Before
Sherrington, no one really knew how a reflex worked, and no systematic
study of reflexes had been attemp;ed. Sherrington's systematic approach
soon revealed that the'eitensor—thrust reflex had the same latent
period as the knee jerk -- a fact previously overlooked. But of
greater importance, his theorv of the integrative éction of the nervous
system advanced the physiological principles that explfadin reflex
behaviour, as well as its apparent anomalies. With the theory of
integrative action, Sherrington was able to explain the anomaly of
muscle tonus as being a true reflex, and he coupled these results(

with the theory to explain why the anomalous knee jerk is also a

true reflex, which he termed the "patellar reflex".
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The poverty of pre—Sherrington-physiology is aKin to that of
current day psychologyfs dbout the 'conditioned reflex', discoveréé by
Ivan Pavlov (1849-1936). Without an overall theorv explaining pre-
¢cisely what occuré in a Pavlovian reflex, it cannot be detérminea
whether in fact it is a reflex, and thus wé are faced with the same
kind of theoretical trouble which plagued pfe-Sherrington phygiologists
about the patellar-reflex. Allb& me.to e;aborate:

Stedman‘é medical dictionary defines reflex as a "response";
"an involuntary movement or exercise of functidén in a part, excited
in response to a stimulus applied to the periphery and transmitted
" to the nervous centers in the brain or spinal cord." By itself, the
definition is not sufficignt, but it does indicate a key concept,
namely, that a reflex is an involuntary response.  The definition provides
for a distinction between reflexes that depenq upon nervous centers
located in tﬁe brain, and those that do not,‘those with-nerve centers
in ,the spinal cord:l Thus it leaves open the pﬁssibility of a con-
ditioned reflex, since these phenomena evidently depend upon cephalig
centers.

, Conditioned responses are learned. Yet, as it is Held, once
they are learned, they cannot be controlled or prevented from
oqéurring by the subject who is conditioned. For this reason, the
conditioned reflex is considered involuntary, and theréfore truly
reflex.f To establish a conditioned reflex an animal, typically, };
trained to associate one variable, foreign and unnecessary to its
environment, with the occurrence of a second, familiar variable,'
preferably one that is also essential to its well-being. Food is

the usual second variable, and virtually anvthing can serve as the

I NP RN AR AT PR Y
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first; Pavliov used-a ringing bell. Training proceeds with the intro-
duction of the second varig?le, which itself must be sufficient to
evoke the desired response. Training terminates, and a conditioned
reflex is established, conce the desired response cap'be evoked by the
f£irst variable alone, the foreign variable. Pavlov cond;tioned his
dogs to salivate and secrete gastric juice, apparently without contrcl,
upon the ringing of a bell, without the introduction of food.

) Thus far, my factual sketch of Pavlov's experiment is
straightforwamil ahd unproblematic. The epistemological trouble
arises, however, once an interpretétion of the results i% attempted,
once we attempt to apply theory to fact. Are we to conélude that the
dogs responded as if the bell were foed, or did Ehe§ respond in
anticipaiion that food would be forthcoming? The first interpfetatioh

is easily ruled out. If Pavlov's dogs mistook the ringing of the bell

to be food, one should expect to find a Pavlovian dog satisfied without

the introduction of real fgod, and ‘even refuse real food. But neithef

- -

happens. Common sense éppears to favour the second interpretafion,
vet the cost is considerable. If dogs can anticipate, theyv don't
respond simply. The simplicity of the stimulus-response structﬁre
of an invofuntary reflex is mediated bv anticipation, and thus
the black box of dog psychology. For example we cannot be certain
that the dogs do not salivate to get the.food, r;ther than because
of the fooé; in other cases, dogs eviéence'goal-directed behaviour,
sucﬁ as oestrus behaviour, hunting, establishing territory, and
fightiné. The problem is one of being unable to decide whether the
response is an involuntary effect, or -a voluntarvy cause. We éan't
decide, because we cannot trace the course of events that occur in

the conditioned 'reflex' immediately after the application of the
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“.stimulus; the exact events between the stimulus time and the response

Rl

time are hidden. We are without a theory that éxplains what these
events are, and why thev occur necessarily, rather than not. The
phvsiclogical and psyvchological stétus of Pavlov's discovery is
therefore uncertain and unknown. The same problem faced pre-Sherrington
spinél physiologists, who were without a theory to explain the natufe
and causal necessity of spinal reflex events; Psycholégy awaits the
arrival of its Sherrington. ' Coe -
To uncover the hidden spinal reflex, Sherrington began an

exhaustive study of vertebrate neuromuscular anatomy, a study lasting
ten vears. He mapped nerve pathways from receptive surfaces to muscles
in the rhesus monkeyv, the dog,. the cat and the frog. . The completion
of hié anatomical studies marked the end of what he considered a.

g tedious; but neceSsa;f; beginning. To unéover the actual mechanism

. of the spinal reﬁ}é#l.Sherriﬁgton had tco devise methods to measure
the.cont;ibution made Sy each pért in the process. Although a tap
on_the.ﬁafellar tendon will evoke the patellar refiex, an accurate
measurement is not possible uniess the response can be quantified
and measufed against a specific quantity of stimulus.- To ob;ain
accurate results, in the case of the patellar reflex, Sherringtcn
used weights instead of taps to pull the patellar tendon, measured
the electrical éxcitation of each neurcne in the reflex with a volt-
meter, and used the myoghraph he invented to record muscle contraction;
the myvograph cénsists of an inked needle that marks a rotating afum
aécording to the stress placed upon it by t@e muscle to which its
opposite end is attached.

Because the nerve centers of spinal reflexes are located in

-the spinal cord, Sherrington was able to negate anv influence the

.
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brain has on a splnal reflex by removxng the cerebrum (decerebrate

- ~

anlmal),-or the entlre head (decapltate or splnal animal) . By doing

d .
-

eltﬁér, he eliminated the ublquitous stimuli of the animal's normal
] . .

env&ronment, and J&s thereby able to effect onlv those stimuli necessary

-

to a given experiement. Under these extreme nditions, it is still

possible for an animal to stand, walk or galiop upon a trea&mill,

squat to defecate, and
L

respond to pulls on its patellar tendor/ Each of these activities

'1s entirely reflex, entirely spinal.

Sherrington's physiological investigation was limited largely

to the studyv of lower vertebrates (e.g. dogs and cats), because as

cone ascends the animél hierarchy, refléx activity becomes more and
more'depeﬁdent.upon the influence of centérs located in the brain.

Yet in‘studyiné the function of spinal reflexks in lower vertebrates,
Sherrington belieVed he was investigatimgneuromuscularand neurological
elements-that §ré-5asal to.all vertebrates, at all levels of nervous
activity. My attention is presently restricted to Sherrington's étudy
©f each component in the spinal reflex and to his discoveries of what

contribution each component makes *o motor coordination, or to the
I

. integrative action of a reflex.

3. MOTOR COORDINATION

Only three levels of coordination are the subject of the
preseﬁt chapter: first order coordination; second order coordination,
and motor solidarity. The i@fegrative action of‘the nervous systemj
also produces a fourth and fifth level ‘of complexification, respectively,

psychical and psycho-physical integration, but my discussion of these

-
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is reserved for the. Appendix, where I\consider'whether~Sherrington

-

. .
- -

was a mind-body dualist., : ‘ .

-

: What is a reflex? It was indicated ga;lier that a reflex

- . —

is an involuntary reaction or resﬁonse. Sherfingtoé wéuld not have
been content with this definition, becauée'it omits the most remarkable
feaEure of reflex action, the feature‘Sherrinﬁton bélieved is the‘hosé
diggicult.and impérta?t to exéléin, naﬁély, motor coondinaiion. A
rgﬁqu;is'a complex, Envoluntar}, coordinated response. Sherrington
recognized two levels éf motor-coosdination: the degree neéébéany %o

nenden a nesponse appropaiate to a given stimulus; for example, motor

- coordination must provide for the animal's ability'tb scratch when

bitten_bg{s flea, rather than squat; and the degree of coordinatdion
necesdary for the compounding 0f neilexes which use the same limb for
opposed purposes e.g. the extensor-thrust reflex versus the withdrawal

reflex. Such sbphisticated responses are remarkable, because they afe

" not dependent upon centers higher than thg_ﬁzénal cord, i.e. precisely

. ] . -
becduse the responses are coordinated, yet involuntary. For

Sherrington, thé%efinition of "reflex" should be carried a step
further.- A reflex is an involuntary, coordinated, purposive response.
But leaving the property of purposiveness aside for the moment, how

are both levels of motor coordination péssible with the spinal
‘!r_eflex? ’

Sherrington's ten vear anatémical study disclosed the general
feature’that a reflex-afb,(see fig. 1) is compoéed of aﬁ inward path,

a central organ, anéd an, outward path. The inward path begins at a

-receptor organ locé?é&yzgthin a receptive field of such organs,

and extends along a sensorny (afferent) neurone leading to the central

organ. The.-incomingupath;,comnased of reééptor organ and afferent

= ) . <
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A diagram of "a simple reflex-arc in the sp*nal cord
d, dorsal nerve-root

v, ventral nerve-root

dg, ganglion of dorsal root -
m, motor-nerve-cell in ventral horn
s, region of synapse

(from Reffex activity o4 the Spinal Cond, C.S.
Sherrington, 1932, page 2.}
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neurone, is what Sherrington calls, thé *aﬁgeianz-a&c".r The central
organ of_spinal reflexes is the grev matter of the spinal cord. The
outgoing path Begiﬁé’ﬁt?tﬁe_céntral Qrgan and proceeds along é_ﬁoto&
(efferent) neurone that leads to an effector organ, .either a‘gland'

or a muscle. The?efferegt neurcne plus the effector organ consﬁitﬁte
what Sherrington termed, the “cﬂée&ent-anc".‘ Destruction or loss of .-
any ©of these structﬁres in the intéct‘animal results_ig various

degrees of refléx in coordination. Forthwith we can examine the

contribution to motor coordination afforded by the receptor organ.

2

3.1.THE RECEPTOR ORGAN ~

Between the booming, buzzing confusion of Ehe external world,
and the orderly composition of an animal, stand its receptor organs.
The receptqr'organ has two functions which contributé to. coordination:
selective excitabiligb, and Eonduction A recéptor is selectivelv
exc1table in resnect to both the quaﬂ&tj and the quanxLIy of the
st;mulus 1mp1ng1ng upon lt. First, =a receptor can respond to a
st}mulus only if the stimulus is of,a specific kind. Thus, some
receptors respond ;nly to changes in temperature, i.e. heat receptors;
others are capable of responding only to'noxious stimuli, e.g. pain
receptors; and others respond only if stimulated mechanically, e.q.
stretch receptors. Second,lif a stimulus, whatever its kind, is ﬁot
of a sufficient strength, no impulse is imparted to the afferent neurone,
the next link in the chain. If a stimulus is both appropriate and
adequate it causes the receptor to conduct an impulse to the gffereﬁt
neurbne. A receptof organ has the capacity to discharge either a single

impulse, or a train of impulses. Stimulus strength alters the

frequency of the discharges, and secondarily, a high fregquency alters

[P
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" the size of eacb'discharge. 0f its two functions, selective excitability

contributes more to coordination in thé refle;; the receptor 'decides'
which reaction takes place. Opce the receptér discﬁarges an impulse,
the afferent neurone is largely\responsible for what charactéristics
‘the response shal] have. .

An example would be useful here to demonstrate the contribﬁtion
selective excitability makes to coordination in the réflex. Consider
the'cése of the péwerful extensor;thrusp reflex versus the wit®irawal
reflex. Pressure aprlied bv the investigator's thumb to the paw
cavity between the footh\pads of a dog's hind iimb evokes the extensor-
thrust reflex. Such pressure 1is similarlin kind to the pressure the
cavity ‘experiences when the hind éaws are required to bear the weight
of the animal as it runs-‘or prepares to leap forward. Once the
pressure has-reached a certain threshold, the reflex thrust of the
hind limbs springs the mass of the animal forward. If, however, a
different kind of stimulus is applied to the same area of tﬁe foot, ié
such as that which results from the application of a needle point, -
the withdrawal reflex is evoked, and tﬁe hind limb, rather than
thrusting against the stimulus, draws away from it, the limb
remaining suspended‘against the abdomen until the stimulus is removed.
The receptor's contribu£ion to coordination 1is obvious: disaster
wouid ensue if the pressure recepéors were  selective in favour of
pain as well as pressﬁreﬂ for then either kind of stimﬁlus could evoke
the extensor-thrust reflex. Without the receﬁtor's capacity for
selective excitébility, responses would not be approoriate to stimuli,
and an animal would be greatly endangered by otherwisé'manageable

changes in its en%i:onment.



buring Sherrington's‘inquiry‘into reflex codrdination, un-
covering the microstfuctures of a reflex was not usually a straight—
forward matter of dissection and observation, simply Secause the
structures are too small to observe and handle with conventional
microscopes and equipment. Yet ﬁﬂé picture Sherrington gave us of
the neurone, the synapse, and the neural arrangement of afferents and
efferents was suﬁficient to accoﬁnt for the bghavioural processes
he studied. Ingeniously, Sherrington used.physiology as a main tool
for determining the microstructures underlying reflex action.
Reasoning from effect to cause, he inferred ﬁhe anatomical
arrangements that must be present to bring about'the coordinative

action of the reflex. I will later describe this method of reasoning

as one use of functional explanation.

3.2 NEURONE/SYNAPSE

] . )
Certain structural and functional feptures are common to bot

afferent and efferent arcs e.g. the neurone/synapse. In the opening

pages of his Integhative Action o4 the Neavous System/ 1906,

Sherrington remarks, "The unit reaction in nervous integration is the

reflex, because every reflex is an integrative reaction and no nervous

action short of a reflex is a complete act of integration.” AT

If the reflex is the nervous system's physiological unit, the neurcne
is its anatomical unit.
A neurone consists of a cell-body {or perikaryon), dgndrites,
' /s

and an axon. (See fig. 2) Dendrites increase the surface area of

the perikaryon, upeon which impinge stimuli from physiologically antecedent

neurones. An axon is a long finger-like projection of the perikaryon

through which the cell's own impulses funnel and travel by the axon
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A neurone; explamation in text, p. 70 - 71. , Figure 2

to impinge on the surfaces of subseguent neurones. Except for afferent
neurones whose cell_bodiés are located peripherally, the nerve cells
comprising the various reflex-arcs are grouped together centra{ly,
to form the grey matter of the spinal cord. 1In the grev matter,
impulses from one neurone impingé on the next neurone in the Feflex—r
arc through terminal boutons or rings of microscopic size. The grey
matter is the site of the all important synapses.

Sherrington introducéd the term "svnapse” to dénote the
functional membrane-to-membraﬁe contact of a nerve cell with-anothét
nerve cell, an effector cell, or a sensory receptor cell. The widéh

of the gap across a synapse is udually between 150 to 500 angstroms.
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The simplest s?inél reflex has one svnapse between its incoming
sensory neurone, and its o@tgoing motor neurone. The majority of
spinal reflexes consist of an afféfent neurone, an internunciiidigurqne,
and an efferent; Conduction in the refiéx-arc is, contrary to nerve
trunk conduction, intercellular as well as intracellular. Significant
aspects of coordination are the direct result of intercellular coh—
éuction at the synapse,condﬁction by contact,‘not by continuity.

Intercellular conduction was a novel concept that did not
gain unanimous acceptance among phvsiologists until the second decade
of our own centurv. Sherrington's reasons for asserting that con-
duction in the reflex is intercellular deserve consideration before
we examine its significance to coordination. By far, Sherrington’'s
most vocal opponents were the so-called Reﬁicular theorists, who held.

" that nerve.impulses can only be conducted through unbroken nerve
channels. It is easy to appreciate the difficulty 7eticularists ﬁad
with Sherrington's novel theorv. How is conduction possible in a
reflex-arc, given these synaptic ‘breaks' thoughout? After all, in
every known circuit in the electrical world, conduction ends precisely
when the circuit breaks. Moreover, how can a sfstem that is fragmented
into a billion neurones provide for functional unity? How is functional
unity possible without a continuous nerve network, i.e. without
anatomical unity?

Certainly Sherrington's greatest problem'in this regard was
the absence of uneguivocal histological evidence ta confirm the
précise structure of the svnapse. He writes: "The minute structure
of these points of contact between the nerve cells, 'svnapses', is by

no means easy to determine, because shrinkage and distortion of the
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. ' . . 3 . .
very delicate elements involved must necessarily acgompany fixation,
imbedding, and staining." (RASC, pp.~13-14) He was forced to sdek

physioclogy as his source of anatomical knowledge, a pdint I will

develop in Chapter IV on the role of functional explanation in science.
Sherrington dompared conduction along a refilex-arc with \\\

conduction in the long mvelinated nerve trunks of e voluntary

. « ' . . .

nervous system, ~and discovered a striking qualitative difference,
hY Coe
rd

which he elevated to the status of a law. This was the first clue
about the exiétence of the synapse, and therefore also of neurones.
Nerve-trunk conduction is aniidromic; reflex-arc conduction is dromic,
’meaning its impulses are conducted in one direction only: cellulipetal
in dendrites# and cellulifugél in akons. This principle chafacteristic
of conduction in the reflex is' called the faw c§ §oaward direction.
Only the synapsé, with irreciprocgily rermeable surfaces of

separation, could explain the chief'physiological propertv of reflex-

arc conduction. Sherrington argued thus:

"Nerve-fibres are known to conduct impulses equally

well in either direction, whereas nONreflex movement

can be evoked by stimulation of the central stump of

a cut ventral spinal root. This 'law of forward

direction' cannot well be attributed to the cell-

bodies contained in the grey matter, since dorsal

spinal root ganglia conduct in both directions.

Nor ... is it the property of those cell-processes

which are met in the perlpheral nerve. The junctions

between successive neurones are the only ‘other

structures interpolated in the reflex-arc to

which we can ascribe such blockage of 'antidromic!

conductiorn. (IANS, 13}

As well as accounting for the qualitative difference between
. >

reflex-arc conduction and nerve trunk conduction, only the synapse

could explain an observed spectrum of quantitative differences

between the two types of conduction. At the outset of his
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Integrative Action, Sherrington listed the fellowing qualitative
differences between the two, and devoted most of his "Lectures"
to their elaboration and explanation. . He writes:

"Conduction in reflex-arcs exhibifs: (1) slower
speed as measured by the latent period between
application of stimulus and appearance of end-
effect, this difference being greater for weak
stimuli than for strong; (2) less close corres-
pondence between the moment of cessation of
stimulus and the moment of cessation of end-
effect, i.e. there is a marked ‘'after-discharge';
(3) less close correspondence between rhvthm of
stimulus and rhythm of end-effect; (4) less close
correspondence between grading of intensity of

the stimulus and the grading of intensity of the
end-effect; (5) considerable resistence to passage
of a single nerve-~-impulse, but a resistence easily
forced by a succession of impulses (temporal
summation); (6) irreversibility of ‘direction
instead of reversibility as in nerve-trunks:

(as noted) (7) fatigability in contrast with

the comparative unfatigability of nerve-trunks;

(8) much greater variability of the threshold

value of stimulus. than in nerve-trunks; refractorv
period, "bahnung', inhibition, and sheck, in degrees
unknown for nerve-trunks; (10) much greater de-
pendence on blood-circulation, oxyvgen (Verworn,
Winterstein, v. Baever, etc.); (l1) much greater
susceptibility to wvarious drugs -- anaesthetics.”
(IaNs, pp. 13-14)

On what causes these differences, Sherrington proposed:

"If the conductive element of the neurone be £fluid,
and if at the nexus between neurone and neurone there
does not exist actual confluence of the condgctive
part of the one cell with the conductive part of the
other, e.g. if there is not actual continuity of
physicalphase between them, there must be a surface
of separation. Even should such a membrane visible
to the microscope not appear, the mere fact of -non-
confluence of one with the other implies the exis-
tence of a surface of separation. Such a surface
might restrain diffusion, bank up osmotic pressure,
restrict the movement of ions, accumulate electric
charges, support a doubled electric laver, alter in
shape and surface tension with changes in difference
in potential, alter in difference in potential with
changes in surface tension or in shape, or intervene
as a member between dilute sclutions of electrolytes
of different concentration or colloidal suspensions
with different signs of charge. It would be a
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mechanism where nervous conduction, especially if

physical in nature, might have grafted upon it
- characters just as those déiﬁg;entiating reflex-

arc conduction from nerve- k conduction. For
instance, change from reversibility of direction
of conduction to irreversibility might be referable
to the membrane possessing irreciprocal perme&ability
... It seems therefore likely that the nexus between
neurone and neurone in the reflex-arc, at least in
the spinal arc of the vertebrate, involves a surface
of separation between neurone and neurone; and this
4s a transverse membrane across the conductor must
be an important element in {niercelfufar conduction.
The characters distinguishing reflex-arc conduction
from nerve-trunk conduction mav therefore be largely
- due to intercellular barriers, delicate transverse

membranes in the former." (IANSJ pp. l6-17)

Sherrington's physiological studies thus bound him to the

belief in synapses and neurcnes, a belief that later proved to be
L]

correct.

Sherrington presented the Reg;qgﬁariSts with a markedly
different modgl of reflex conduction baged on his law of forward
direction, as well‘és another equally important law of neuronal
conduction in the reflex. A nerve fiber is the executive process
of a neurone that exists together with similar axons of other
neurones to form a nerve. Each fiber conducts electrical impulses
independently of its fellow fibers in the nerve. Stimuli are either
subliminal, and evoke no res?ghse iq any nerve fihér; giminal,
‘and excite a few; or maximal, ané excite the entire nerve. 1In
contrast, the response of any neurone fiber is either maximal or
nil; which is Sherrington's second major principle of conduction
in the reflex, the alf or nothing phinciple.

This principle suggests tﬁe analogy that a neurone is

akin to a trail of gun powder. Both the neurcone and the trail are

-

4

L~
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forms of stored enérgy. If either is caused to release its own
enérgy, it is an'all-of;nothing sitwation. Furthermore, the amount
of energy released by both is qonsiderable;when compared to the
'amOunt iﬁparted to either by-an appropriate cause. a small flame
is sufficient to cause a spectacplar’rélease of energy in the gun-
powder, a;a simila:ily,»a tinf flea placed in the ear of a dog will
evcke a violent shaking of the dog's head which persists until the
flea is ejected. -
~ 1f a neurcne respond§ to an adequate stimulus by releasing
its own energv, one should expect that its capacity to respond to a
volley of such stimuli is limited by‘the rate at. which it can re-
plenish i?s energy stores. This is precisely what Sherrington found.
. After a neurone discharges an impulse, which discharge .requires only
0.9 sigma, there occurs in she neurone an absofuite zejractory period,
lasting a full éigma, during which no stimulus, however great, can
evoke a response; and for a further 5 sigma a tefaiive trefractory
pexiod is evident, during which a very powerful stimulus can evoke
only a weak response. Evidently, during the absolute refractory
period the neurone's energy stores are degle;ed; and during the
relative refractory periocd they are being replenishéd.
Successive nerve impulses, which create a tetanic muscular
cont;ZZtion characteristic of normal muscular responses, cannot
"fuse into a steadvy flow, like the conduction of wateé in alpipe or
an electric current in a wire, but ma§ be compared to the repetitive
discharge of Lullets fr~m a mactine-gun." (RASC, 4) . Sherrington's

ﬁachine—gun analogv embodies both the concept. that neuronal discharges

are discrete packets of energy (all—or—hothing principle), and the
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notion that the discharges are unidirectional (law of forward
'dirgction). -
‘Having outlined the. chief features universal to the neurone
and to conduction in @he reflex, discussion can now turn to the |
\structural and functional properties unigque to an afferent neurone

to show how these neurones contribute to coordination in the reflex.

3.3 AFFERENT NEURONE

-

Adeguate stimuli from a ﬁeripheral receptor impinge upon
the dendrites of an afferent neufone, which relavs an electrical
impul;g down its axon that enters the grey matter dorsally. After
entering the cord, the axon bifurcates headwards and tailwards with
each section divided again many times to form collateral branches,
whose endings are boutons Zeaminaux. (See fig. 2) THe course of 5
fibre within the grey matter probably never exceeds a spinal segment
fi.e. the width of a single vertebra-),'and no afferent neurone'( |
tre§passés across“;he?inv;sible midline; a cross-reflex (one whose .
stimulus péint ié.on ﬁhe.opposite side of the midline to its
responding limb) therefore always involves an internuncial neurone.
Spécial featufés of an afferent neurohecrqur'aﬁ its peripheral end

and its central end.

*

An adequate étimulus_effects an immediate explosive dis~
charge of %stored energy in the afferent neurone which, in turn,

stimulates the next neurone in the chain. Alﬁhough subliminal - -
stimuli evoke no such response, they do effect in the afferent neurone
what Sherrington calls a "Eacaﬂ'éxcitatong state” (l.e.s.). The

-

l.é.s. is a state of subliminal excitation that remains at the
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neurone's peripheral end for 1 sigma. If a.second subliminal stimulus
impinges upon the neurone within that period, the two are surmed to

create a greater state of local excitation. If, as a result of

& - -
their' summation, the l.e.s. exceeds the "threshold”, the neurone

discharges an impulse. The l.e.s. differs. from a regular nerve-

impulse in four respects:

1. It remains localized at the stimulated point, and does
not conduct. :

2. Tt does not obev the all or nothing principle; rather,
the quantity of the l.e.s. is a product of the quantity (ies)
of the subliminal stimulus(i). '

"3. It causes no refractory period in the neurone, which
provides for the fourth difference. A

A

<{ 4. It is capable of ‘summation.

.The l.e.s. and the nerve~-impulse are the only excitatory‘conditions'
L : '

of the afferent neurone.

At the terminal or‘central end of an afferent neurone are
its collateral branches which innervate the grey matter of the spinal
cord. The boutons terminaux of these collaterals either exediie or
Lnhibiz the.next neurcne, e.g. an efferent neurone. Regarding the
afferent boutons Sherrington writes: "So far as is known ... no_"
clear morphological_differencé distinguishes the 'boutons' into two
classes, although ... central excitation and central inhibition
are two distinct processés occurring in the grey matter." (RASC, 14)
Again we see that Sherrington is faced with limitations imposed by
-the technology of his time; but once again he used physiclogy to

circumvent the problem: "The striking correspondence observed

-

between the reflex inhibition and the reflex contraction, when

-

examined in one and the same reflex-tvpe, allows the inference that

kS

-
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A

nerve-fibres from the receptive field of the reflex eachldiviae in
the.spinal cord into end-branches (e;g. coilaterals), one set of -
which, when the nerve—flbre lS actlve, produces excitation, while
another set, when the nerve-fibre is active, oroduces lnhlbltlon.
The single afferent nerve-fibre would therefore: in reqard-to one set
of its terminal branches be specifically excitatory, and in regard
to another set éf its central endings b€ Apeci&icaiﬂg.{nhibiﬁong.
It would in this respect_be dﬁplexed centrally." (IANS, pp. 103-04)
Since it is the efferent neurones .that exhibit the states
of central exciiation and central Linhibition (imparted to them by
tﬁe afferent neurones), a study Of these effects is apprépriately
reserved for the upcoming discussion, on the efferent neurone.
‘ If the receptor organ 'decides' whether a stimulus gvokes

a response, the afferent neurone determines what form the response

will take. That is to say, the nhythm 04 response is largely a function

>

of'the afferent neurone. The rhythm of a reflex response is its
characteristic movement or absence of movement. The rhythm may b? a
6IQILQ as is the case with postural reflexes, or aphasic, as in'

+the case of the scratch reflex. In determining thé rhvthm, the
afferent neurone contributes to coordination by ensuring that a
reflex response is appropriate to its stimulus.

- The explanation of the capacity to render appropriate resgbnses
can be stated q;molv. Afferent neurones show great'diversitv in respéct
to thresholiiﬁpf exc1tab111tv, requenczes of_ discharge, and re-
fractory periods. Such variations between afferents give rise to..
their différent response'characteristicsf which control the rhythm

of response in a given reflex. This determinacy renders, for example,

the afferents of the withdrawal reflex incapable of evecking a response:

- - -

R



80

» rhythm that would characterize the scratch reflex, and sé on. The

afferent neurone is thus the main determinant of f£irst order coordina-

- - -

tion, the coordination within a single reflex which gives it appropriate
response characteristics.

-

3.4 EFFERENT NEURONE

4 .

The perikarvon or cé11 body of an efferent neurone is located
in the grey matter.. The axon leaves the grevy matter ventrally and
extends into an efféctor orgén( eitﬁer a gland or a‘muscle. Cén—’
traction of skeletal muscles is the expression 9f reflex centers
Sherrington considered, and thus muscles are the effector organs he 
studied. Before and afté; entering a muscle; the axon of an effector:
‘neurone splits iﬁtb éollaferal braﬁzhes whose Qoutbhé innervate, on
the averaée,'lOO muscle fibres. muscle'fibres‘or strands are arranged
“.in : lel and, typically, the proximal end is attached to bone and

A,

the distal end to a tendon. " An efferent neurone, together with the

. -
kd

.100.muscle fibres!yﬁiéh it inn_ervates, is what Sherrington refers ~
to as a motox unil. A typical muscle is a collection of fens of

3 ’ ' . . :
thousands of muscle fibres, and thus a muscle consists of hundreds

of moto¥ units.;

.

, L Physiologically, a motor unit is

aré;-+ehe true ﬁggp;gf'the nervous system bedause of its capacity for
. . S . [~ .“ Q-
coordinative’ (integrative) action. The features .of coordination

attributable £p.?hé afferent arc (which'inclhdes the syﬁapsei
be'éeéerminea 3% coﬁparihg a meton naipqnéa with;a neﬁiexlnzépo
Stimulation ﬁftéhe ceﬁtral‘gna-of an efférent ne@rdne {eg. the sci
nerve) causeé qwﬁoton reéponse? whereas éhe;same stimulus applied to

L3 . -
.
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a relevant afferent neurone gvokes a modified, reflex response.
This modification is ‘the product of features imppsed,on the fequnse

\ . o . _
by the afferent-arc. In addition tb d;§blosxng features of the

-

~afferent-arc, such a comparison discloses features about the relation

between afferents and efferents in a reflex-arc.

The synapse bétween gn afferent and an efferent is most

characteristically a meeting place of many4§§ferents ard many . @

2

efferents. Sherrington found that the afferents outnumbered the

efferedts 5 to 1, and.-he termed this é%raﬁgement the principle cf
. . . . - ’ 4"--_ - ‘
convergence. "This principle of converger

v

e is the basis of co-
ordinated f_unctioﬁ in the nervous sy.s'ten'x?(RASC, 25) . Two

ph?siologicél features of convergence, f{ractionaticn and occlusdicn,
supported Sherrington's histological findings, and pointed the way
to the contribution of convergence to coordination in the reflex.

Let us first explain-ﬂ&actionazion. Stimulation of an afferent
neurone evokes a reflex reépbnse characterized by‘vario s degrees of -
contractios in the.muscles involved.. The dggreetof.contraction can
be'measu:ed by attaching the muscle's distal 'effd to a meter, graduated
in terms’gf weight. Sherrington obser;ed that befond a certain point,
any increase in stimulus strength failed to evoke further contraction
in the musclz. This indi;ated that for any afferent there is a limit
- to its effect, ca;led its "maximal reflex respdnge". However, direct
stimulation of the reléyé’n-t efferent “indicated that tg nuscle tension

* ! - \"
of the same muscle can exceed the above limit. Consider the .results

Sherrington obtained by examining ohe muscle and. all of its afferent

neurones: . .. , Z

=

I



M. Tibialis Anticus.

82 ;

\

Maximum motor teénsion 2160 grams.

&

Afferent 8. stimulated

Tension of max-
imal reflex
tetanus in grams.

Reflex tension ex-
pressed as percent-

age of maximal motor
tetanus.

Internal saphenous
Superficial obturator
Deep ‘obturator

N. to quads & sartorius

Musculo-cutaneous branch
of peroneal

External plantar
Internal plantar.

Small sciatic

Hamstring

N. of sural triceps

800

© 165 .
400
1198

\ 1700
1240
- 1330
680
565
300

TOTAL 8370

32
6.7
16 -
44

69
50
54
28
23

(from RASC, p. 24)

The table shows that no afferent is able to evoke more than 70%

'

of the maxlmum motor response in the M. leléils Anticus; lndeed the

average is below 35%. This indicated to Sherrington that only a

’

fraction of the total number of motor units comprigfing a muscle are

accessible to any particular afferent neurone.

feature of the neural arrangement, "fractionation".

He called this

-

To'undérstand occlusion, the second feature, compare the

total tensions eﬁokable by all the afferepﬁs, with the maximum motor

tension (i.e. compare 8370 gr. with 2160 gr.)..

Since the total k

exceeds the maximum motor.tension, concurrently stimul"ated‘afferent‘s o

LY

.must block oi oiﬁlude one another's effect on the efferent thev'share.

KR Fractionation and occlusion sugqested to Sherrlnqton tne

»

;1dea ‘of a motoneurone pood,

X

in which the lmpulses from many afferents'

-
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-

converge to impinge upon common and uncommon efferents. (See fig.

3) ¥

>

-

<
Mc-bne;m'é 905(. ,‘\
L~
}\k
- L i
A Toconeurone pool; explanation in text, p. 82 - 83. . Figqure 3

(from RASC, p. 27)

o
LN
—~—

~—""" Figure 3 éhows that.:'“afferents a and b h‘ave access to 6nl_y a fraction
‘ of the outgoin'g- mo;;oneuron.es. If also shows how if either afferent
\U stimulBtes its efferepts maximally, subsequent incominc volleys
from.the second afferent are able to excite maximally only 50% of

that afferent's set of effrents, since the remaining 50% are being

- ¢

maximally stimulated by the fir_s-t afferent. If b is the second
stimulating afferent, b is said to suffer -2 50% occlusion from
f 0 . -
F
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-

afferent a.
Thus we see how the proposal of fractionation and ecclusion -
cohered with the principle of conve&gence.of afferents upon‘effeients.
We will make use of this line of reasonlng in Chapter IV. It must’
be emphas;zed that under normal cohditions, a51ngle afferent does not
always discharge impulses in succession which summate to cause ex-
c;tation in an efferent to rise to a threshold level. UWhat is more
tyvpical is for afferent impulses from a number of afferent sources
to summate their effects on the motoneurone. Afferents do not always
occlude one another, since occlusion occurs only if the shared noto-
neurone has reached its threshold of excitation. Underx extreme\
conditions, fractionation and occlusion are more evident than under
normail condiﬁiens, vet, of course, convergence, which these phenomena
indicate, is characteristic of the arrangement of the nervous svstenm
under both conditions. The excitatory states imparted to the moto-
neurone by its afferents, in the normal interplay of reflexes, is:

appreciated best with the understanding that a motoneurone is a
inal common path for a qggzgi of afferents.

. The principle of convergence is companion to the n«&nc&pﬁe

oa the ginal common path . Afferents, private paths, converge upon

1nternunc1als, common paths, which converge upon motoneurones,

jinal common oaths The pr1nc1ples of convergence and the final common

-

Dath (FCP) depict the same concept .of neural arrangement, but the

forner emphasizes the relation of afferents to efferents, whereas

the latter emphasizes the relation in reverse. Sherrington describes

the relation in the follow1nq Passage:
"Reflex-arcs show ... the general feature that the
initial neurone of each is a padivate path exclusively

-
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belonging to a $ingle receptive point (or small group

of points}; and that finally the arcs embouch into a
path leading to an effector organ; and that tHeir final
path s common to all receptive points wheresoever they
may lie in the body, so lonc as they have connexion with
the effector organ in gquestion. Before finally con-

T lverging upon.the motoneurone the arcs converge to some
degree. ' Their private paths embouch upon infernuncial
paths common in various degrees to groups of private
paths. The terminal path may, to distinguish it from

R internuncial common paths, be called the sinal commen
path. The motor-nerve to a muscle is a collection of
final common paths.™ (IANS, 118).

Sherrington draws two conseguences from the above arrange-
ment for reflex coordination. The first supports my earlier remarks

.on the contribution of the afferent neurone.

"Certain conseguences result from this arrangement.

One of these seems tfdbe the preclusion of essential
qualitative difference between nerve-impulses arising

from different afferent nerves. If two conductors have

a tract in common, there can hardly be essential gqual-
itative difference between their modes of conduction;

and the final common paths must be capable of responding
with different rhythms which different conductors im-
Press upon it. It must be to a certain'ﬁégree aperiodic.
If its discharge be a rhythmic process, as from many .
considerations it appears to be, the frequency of its

own rhythm must be capable of being at ‘least as high

as that of the highest frequencv of any of the afferent-
arcs that play upon it; and it must be able also to re-
produce the characters of the slowest." (IANS, 118)

'--v

ﬁ\ Thus we see that the responsibility for Hetermininé a rgflex‘s
;hy;hm cof response must be a function of its afferent ﬁ;urone, since
. the FCP or efferent motoneurone must _have the capacity to reépond
to the rhythmic demands of many refle&, afferent-arcs.
The second‘consequence Sherrincton draws sheds ligh£ on
the contribution of the efferént-arc.
"A sécoﬁd consequence is that each receptor being
dependent for final communication with its effector

organ upon a path not exclusively its own but common
to it with certain other receptors, such nexus
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necessitates successive and not simultaneous use of
the common path by various receptors using it to -
different or oppoded effect.. When two recepters

are simultaneously stimulated, each of the receptors
tending to evcke retlex actioa that for its end-
effect emplovs the same final common path but
emplovs it in a different way from the other, one
reflex appears without the other. The result is
this reflex or that reflex, but not the two to-
gether."” (IANS, pp. 118-19)

That is to say, the FCP must provide for its compound emplovment
by manv arcs, some of them alfied, and others of them aniagenisdtic. -

How this second level of coordination.is achieved, how the compcunding

of reflexes is possible, is a function of the excitatory and inhibitory

- states iﬁparted to the FCP by allied and antagonistic afferent neurones.

‘An inceoming afferent impul;e impinges ‘upon the central ends
of a number of efferent neurcnes causing them either to be excited
or inhibited, depevéng on whether they are affected by excitatory
orvinhibitory boutohs. Occasionallyv, the incoming impulse of an
egcitatory bouton is suFfficient to cause the effetent'to dischagge
an impulse. More of'yen however, fhe excitatorf bouton causes what
Sherrington calls a central excifa:oag gggte (cie.s.) in the
efferent. The c.e.s. is an enduring'eﬂéitatoré state of the moto-
neurcne lasting 10 to 20 sigma after Ehe subliminal stimulus of the

afferent has ceased. The c.e.s. is akin to the l.e.s. of an afferent

.insofar as the c.e.s. is merely also a predisposition to discharge,

and is not an actual discharge of an impulse. Mo}?over, like the
l.e.s., the c.é.s. can be summated to threshold leéels by subsequent
(afferent) volleys. But in contrast the c.e.s. lasts 10 to 20 times
the pericd of the l.e.s. Furthermore, unlike the 1l.e.s. the“pre-

disposition to discharge of the c.e.s. is not only affected by the

‘#s,
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arri§a1 timé"of subsequeﬁ?\volieys, but is also influenced by what
éherrington termed ﬁhe central inhibitory state (c.i.s;). .

Unlike both the l.e.s. and the c.e.s., the ¢.i.s. cannot
cause a (moto)neurone to‘discharqe an impulge. 'Rather,_the c.i.s.
inaétivates the c:e.s. The ¢.i.s. outlasts the c.e.s. 5 to 10 times.
On the other hand, like both the l.e.s. aﬁd the:c.e.s., the ¢.i.s.
can summate in a (moto)neﬁrone to reduce its capacit& to discharge
an impulse even further. Although the exact nature of the inhibitory
state was annown to Sherrington, he thought that it cancelled an
FCP's disposition to é&scharqe an impulse by stabilizing the'surface
of its.synaptic membrane. H

Allied afferénts reirforce eéch other's effect of ah FCP,
sﬁch that a velley from each alone may not be sufficient to evoke .
a reflex response, whereas their summation ma§ achieve the excitatorv.
threshold to cauge a reflex response. Eonsider,.for example, the left
scratch reflex. 1Its receptive field is a saddle-shaped areé‘pfrthe
left dorsal ékin, whose pefimeter follows the dorsal midline,.from
the back of the neck to the base oﬁ the spine, down the left flank,
around the r%ﬁ-cage, and back .up to the hase of the neck. Afferent-
arcs of the.lpf% scratch reflex receive stimuli from this saddle~
sh;ped,receptive fiéld. The degree of alliance betweén these afferent-
arcs.is a. function of the distance between their réceptive pdiﬁts,

b .
i.e. the closer the receptive points, the greater the alliance between

-

the arcs. . With regard to evofing a reflex response, normally the
activity of a flea, for instance, is sub-threshold provided the flea

remains in one place on the field and doesn't bite too frequently . .

-

» C. !
(L.e. with a frequency whose period is greater than the duration of

»
Al
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the q.e.s.)L _If the " flea begins to cfawl, however, it endangers
' evoking a threshold sﬁa%e of excitation in the FCP, because its
crawl will excite more affergnt;arcé which ally their states 6f
excitatioﬁ by contributiqgﬁto the buil@inq u§ of the c.e:s. to a
threshold level, that causes the FCP to discharage. The characteristic
of alliance in the scratch reflex has been-so persistent throughout
evolution, that fleas are adapted t; hop, not c¢crawl, which greatly
Feduces the-iikelihood of their evoking the scratceh reflex, and so
risking destruction..

Antagonistic afferents inhibit one another by creating a
c.i.s..in the FCP:s they ‘do not share. The unshared motoneurones.
impinged upon by each afferent in the motoheurone pool determinel
which of the competing afferents évokes a reflex response, since the
shared FCP's are more likely.Eb be in a threshold state of excitation.
Which afferent-arc wins the use of £he lirmb depends upon the number 3
of efferénts it can excite, and to what degree, over and above the f r
nﬁmber that axe inhibited, and to what degree, bv the anﬁagonistic
arc; and upon the number of efferents, emploved bv the antagonist; g’
that it can inhibit, ahd to ﬁhat degree. If two antagonistic
reflexes are competing for the use qf the same limb, the énsuing
response ﬁay have characteristics of the recessive reflex, because
it-éxerts an influence on shared motoneurones, but these character—
istics will not be sufficient to render the dominant reflex in- N

coordinate, ,and unrecognizable.
“ .
Because allied reflexes can cooperate their effects upon

|

i

a group of £CP's, convergence to the final common path renders first_/) %
) : !

!

order coordination (i.e. an appropriate response) possible; and
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since antagonistic reflexes are forced to compete for the use of
fewer FCP's, convergence tc the final common path ;enders'second'

[ 4 -
order coordination necessary. Convergence to the final common path

endenders the solidarity of an animal in regard to its reflex actions.

3.5 RECIPROCAL INNERVATION ) ) -

The c.i.s. is decisive in determining which of two, or
more, antagonistic reflexes gains temporarv domination over an -
otherwise shared limb. For this reason, the c.i.s. is a crucial

factor in the physiology of second order coordination. Without the

c.i.s., antagonistic reflexes could be thrown into action- simultan-

eously, to the demise of the animal. Aas I'indicated, the histological

source of the c.i.s. is the inhibitory bouton: the inhibitory boutons

of antagon}stic arcs synapse with the unshared FCP's of their

opponents, to create in thema c.i.s. What remains for discussion
- _
is the role of the inhibitoryv boutofi, d the c¢.i.s., in first order

cocrdination. - R

A dominant reflex is required not only to inhibit the moto-

neurcnes used exclusively by its antagonist and to excite its own

set of metoneurons, in addition, it must have the.capacipy to excite

certain muscle groups of the limb it deplovs while inhibiting -others.
»
Without this capacity, all muscles of a limb could be thrown into
o :
equal states of exc1tatlon, ox inbibition, simultaneously; both effects

are egually dvsfunctlonal and lncoordlnate To prevent such a fategr\
the afferent boutons of a reflex-arc svnagse nec4paoca£xghythefferent

neurones innervating 5£exon muscles, that addlict the limb toward the

mldllne, and w¥th efferent neuifhes innervating extensox muscles,

that abduct the limb away fromlthe midline. The flexors are thus
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~inhibited when the extensors are excited, anéd vice versa. Such an

arrangement'of afferent boutons characterizes the simple flexeor

reflex, and the withdrawal reflex. Moreovér, if the reflex is, like

the scratch reflex, phasic, afferent boutons of bdth types svnapse

‘with each motoneurone in both flexors and extensors; the afferent

neurones in squ\é reflex must be able to excite and alternately
-~ ] .

inhibit both the é§tehsors and the flexors. "Both tvpes of neural

.

. arrangements, one that provides for simufifanecus inhibition and

excitation of flexors and extensors respectively and the other that

provides for successive inhibition and excitation are examples of,

what Sherrington termed, the Principle 0§ Reciprocal Innervation.
Reciprocal innervdtion is evident at yet a third level: extensor
and flexor muscles are reciprocallv innervated with respect to each

~

other.

™~

Reflexes do not exercise their eﬁfe Ls on fk;ccid limbs; ==
on the contrary, muscleélresist usagéf—‘ﬁ;gz:\pormal conditions, all
extensor and flexor muscles evidence a basal state oézcontractiéﬁ
known as muscle torus, the anomaly that long baffled phyvsiologists
before Sherrinqton. Muécle tonus is a,ieflex'whoée receptor organs,
th@ so-called "stretch receptors", are located in the muscles . them-—
selvesr Stretch redeptors tragsmi#® signals to' the cord which svnapse
with tke FCP's of the same.muécl to cause basal excitation, and the

FCP's of the opponent muscle to cause basal inhibition. Flexors and

extensors are therefore reciprocally innervated with respect to each

//ff——déher; each muscle exerts control over its own excitatien and over

" its opponent’s inhibitfion. For example, if an‘extensék is caused

to stretch due to the contraction of its opponent flexor, the extensor

" -

.
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stretch receptors are Caused to lengthen which increases their

frequency of nervous dlscharce and this in turn excites reflex con-

' traction in the extensors_and inhibits further contraction in the

flexo;s. By means of reciprocal inneryation, flexor and extensor
muscles are self-regulatory. When not influenced by hddition?IW
reflexes, the flexors and extensors of a limb exhibit rdughlg)e;%al
degrees of contraction, which defines the limb's norma% post&re./
qusequently, for example, if the flexor reflex is to deploy a
limb,lit must augment the degree of contraction in the flexor muscles,
and inhibit the resistant muscle tonus of the corresponding éxten§or
muscles. Once any such 'additional' reflex ceases to influence -the

~

limb, the muscle tonus reflex returns the "limb to its normal posture.

! Two poihts deserve emphasis. 1. Reciprocal innervation,is
nepeésary to all reflex action; It is a condition of reflex inter
action, both allied and antagonistic; a condition of :eflex efficagy;
and a necessary condition of the muscles themselves. 2. - Ad}uézﬁsf
in the quaniity of contraction in a muscle -- the sole expression of
spinal reflexes-examined by Sherringtbn -- is possible bhecause

excitation and inhibition are "coordinate reciprocal features in one

united response”. (IANS, 98) That is to say, excitation and\

inhibition are quantitatively antaqonistic- the decree of contraction

in a muscle is an expreSSLOn of the quantltv of excitation minus the

gquantity of lnhlbltlon 1mparted to its motoneurones, bv all reflex-

arcs involved in its reflex contraction. ,
Sherrington faced a comparativelv easy next step to explain

/ L e —
.thehanoma%ﬁus knee jerk, once he had dlsclosed mascle tonugzg; a-

reflex acéion" The knee jerk is a reflex response of the quadrlceps

-

P
Tt
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muscle ﬁibfes‘to their stretchihq caused by percussion of the patellar
tendon. The lafe?t pefiod of the paﬁeliarireflex is as short as it

' is because‘the“%éf;ex is superimposed upon (i.e. allied with) the
ongoing reflex of‘hugélé tonus in the gquadriceps. A éap on the patellar-
 tendon directly augments the reflex muscle tonus in the quadriceps and
immediately inhibits tonus in the hamstring muscles;>the sudden
absénce of résistanceﬁfrom the flexor muscle on the contraction of
fhe extensor causes the lower,ﬂimb‘to jerk forward in the characteristic
manner. Conversely, Sherrington demonstrated that the latenF period
of the patellar reflex increases as the tonus of the guadriceps is

A 4 gradually inhibited. Extreme inhibition destroys the %nee jefk

completély. ) ' 4 -

3.6 SUMMARY

My\égﬁéhssion until now has concerned the general principles
of coo&dinazed;refléx behaviour Sherrington observed and éevelqg§d,’
and I attempted to show how he derived them. My discussion indicates
that the concept of reflex coordination entails:

1. The®Principle of Selective Excitability

- .

- 2. The Law of Forward Direction
3. 'ThetAll—of-ﬁothing Principle’ ¢
4. The Principle of Convergence - |
5. The ﬁrinbip%e of thé Final Common Path &

b
6. The Principle of Reciprogal Innervation/Inhibition

h .

.ang of these physiolgg%sal principles denotes a n?SEEFary condition,

or set of necessary conditions, for coordinated reflex behaviour, -

—

which'codrdigatiqn is expressed as a predictable adjustment in/ the

‘ o

-~
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quantltv of contractlon of limb muscles. The following chart shows

-

' to which anatOmlcal ‘structures the above phVSlOloqlcal properties

-

are at@rlbuted:

Chart II .- ) - :

-

-

1lst Order Coordifiation: response aparopriate to étimuli

SEIUCLULE eusvevevansnns determlnes............... function

A) réceptor organ . : l. selective etc1tab111tv ‘
- . 2. conduction to afferent neurone
. ‘ 4
8) neurcne/svnapse 3. unidirectional conduction
‘ : 4. threshold conduction .
C) afferent neurone . response rhythm -
2nd Order Coordination: compound use of effector by reflexes of
- ) different or similar type
D} efferent neurone ' successive or simultaneous use
" (in ‘conjunction with the of effector.organ by antagonistic
physiological properties of _ or allied afferent-arcs, respect-

the afferent neurone of: ively"

5., convergence to a FCP ' )

6. reciprocal 1nnervatlon/
inhikition) . STt

4. MOTOR SOLIDARITY ‘s

) .
The spinel animal we have examined .in .Chapter II was described

B Sherrington as a "cartesian puppet", a wheelwork animal devoid of
mind: "thoughts, feeliﬂgé,-memories, percepts, conations, etc. _

. -t
of these no evidence is forthcoming or to be elicited. Yet the animatl

remains a motor meciﬂnlsm whlch can be touched into action in certain

ways so as to exhlbltfpleces of its behav1our.f #{IANS, xi) As we
I ]

have seen, these pleces of pehav1our are reflexes that féspond appro-
pfiately to adequate stlmull 1mparted to a receptive field. Further,
. - .

the pieces of behaviour act harmonlouslv:ylth one another, either

51multaneouslv through alllance, or successzvelv through rec;pro@al

. 4
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inhibition (antagonism). ;Althquh Sherringggn conclusively demonstrated

the spinal cord's remarkable ability to effect both these grades of

coordination, he aleo found the motor mechanism to be limited in the

degree to which it can exhibit such coordination. L
- For example, the hind limb of a spinal;animal evidences a

. -

s¢ atch reflex that does not pinpoint the exact spot of an electrlc

//,éiea » but only paws the general locale. Further, the reflexes of -

a spinal animal evidence weaker alliance and antagonism; Sherrington

found that local stimuli evoke.merely local responeeé) In other worqé,

- -~

an investigator 'working' a spinal animal can approximate, but not

duplicate, the precision of limb movement, and reflex harmony achieved

by an animal that has not been "surgically mutilated". Moreover, an
intact animal not only has greater coordination, its reéflex responses

~

are not <inevitable. This feature is most eppafent when reflex se-

quences are considered. For example, in a Sspinal dog reflex evacuation

of the bowel *is inevitably, and imm dl,q%lv followed by reflex

engagement of all four limbs which Scratch backwards as if to earth-
over the faeces. This seguence 0} reflex events is not inevitab}e
with an intact dog, as pedestrigéé well know, which tells that-its -

reflexes are mocdified under cerehrai direction and control. (IANS,

.p. 305) Overall,’'in his comparison of reflex responses in the intact

}enimal with those of the spinal animal, Sherrington found.that with
the former reflex precisien is gained, whereas reflex neutrality
(neutrality between reflexes) and reflex inevitability are lpst.r
The results of Sherrington's comparison ;hus po@nted to a
third property.uniéersal to animal behaviour, namely, motor coordination

is augmented and regqulatéd to engender motox éoﬂida&iky: the inte~-

_ grative action of an intac¢t nervous svstem evidences a receptiveness
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to factors affecting the entire animal, and a responSiveness éhét
engages the animalfas‘a unified whole. ‘While motor éoorﬁ%natioq‘ig
the remarkable achievemént of the spinal cgrd, Sherrington saw
motor solidarity as the "crowning‘achievement"lof the brain.

Sherrington ¥emarked that the splnal man is more-crlnpled than
the splnal frog. Bv this he meant that as one ascends the phvlogenlc
scale, motor coordinatipn depends_ more and more upon centers higher
than the spinal cord. Yet, even Qith'humans, most of the burden for
motor coordination rests with the spinal cord. To effect movement
of a iimb, for example, the braén siqnais anqagonist, which signal
causes aufomatic inhibition of the corresponding antagoﬁisf, because
the spinal circuit is such that efferent-arcs réciprocally iﬁner&ate
op#osing groups of muscles. Imagine a world where the spinal.cord
is not s¢o strucdtured, vet where human brains arg_essentially'ﬁhat
they are in our own world. Imagine what it would be like to live in
such a world. To walk, one is‘required to think, and to will; 'place
lefé'foot before right by recipf0cally inhibiting, in an appropriéte
sequence, the extensors and flexors of the left leg, while swinging
right arm out by reciprocally inhibiting, in aﬁ appropriate sequence,
the exfensors and flexors of the right arm, then repeat the process,
mutatis mutandis, to effect a second step using the right leg and '
the left arm while leaning forward on‘fhe left leg and retaining
balance by kéepinq the right arm ;wuné back', and so on. In such a
world, sprinting would tax the best mlnds, hockey plavers would be
geniuses, and a pianist could produce{ at best, an extremely stilted
andante., Indeed it is difficult to conceive of human culture dev-

-~

eloping at all in such a world, where physiclogical conditions
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conétrain the highé; neurglogical, and thepefore the psyéholoéiéal,
centers to preoccupation w h‘ﬁptor coordination. The point is that,
in sucﬁra world, indivi s are’ reduced to participants in activities
that cannot siﬁultaneously be assé&ssed, adjusted and improved upon.

In our own ﬁbrld, by cont£;st, the brain is provfged with physio-
logical conditions that free it from thelresponsibility Zor motor
coordination, and whicﬁ therefore enable ié to augment and regulate
motor coordination. The integrative action of the spinal system

to effect motor coordination is thus é necessary condition of motor

solidarity. .
For the most part, lectures VII to X oﬁ the Inieg&atiua
Aazion are conce;ned tp describe the m&éor responses elicitable from
an intact animé};‘and to explain the factors that produce the behavioural
property of motor solidgrity. of particular concern is the contri-
‘pution made by the brain. 'Sﬁerrington’s experiments on the brain
copied thé approach he had perfécped in his-original experiments
ts determine how the integraﬁive actioﬁ.cf,the spinal'system proéﬁces
the two grades of coordination. Here as Qell, responéés were elicited
bv aéplying aﬂ electric current directly to.various areas on the
surface of the brain; the brain’s "functional topography" was thus
determiﬁed. " And second, by comparing such intact responses with the
responses elicitable after various pérts of the brain had beéq
surgically removed, Sherrington determined the contributﬁon each pért

makes to motor solidarity. Of-éourse, owing to the complexity of

the brain, Sherrington's account of motor solidarity could ngt approach
the completeness of his account of motor ccordination. HNonetheless,

he was able to show which structures are involved in producing the
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. two general expressions of ‘motdr solidarity: posture and fLoco--

-

motion. . - : o v - ~

4.1 POSTURE _

In the first.place, certain centers ih the'bfa&n-ééﬁziniouézg
discharge im?ulses-to‘the spinal cord toscfeate a basal state of
readiness §or action, which is the physiologicél basis ‘of normal
posture. As with spinal reflex tonus, whichswmontributes to normal
posture, the basal motor state produced by the bréin is the‘arithﬁetic
sum of both excitatory and inhib;tory impul%és.._Thé excitaﬁory impulses
'originate from the greatest portidn of the lower-brain, in an area-
called "the "bulboreticular facilitatoéy_formation?, which'ihqéyaeg
part of the medulla oblonéata,'all of the pons and mesencephalen,

;he thalamus, subthalgmus and ﬂypothalamus. These impulses travel .-
to the spiﬁai cord as well aé ﬁo the forebrain o£ cerebral cortex.

The mesencephalon in particular controls basal thalamic and cortical
activity to produce either wakefulness or sleep, although; 1f anyv

part of thg facilitatory formation is not inhibited both muscle tonus
and cerebral activity are greatly increased. In the normal animal,

a region ?f the lower three-fourths of‘the medulla, called the
“bulboreticulaf inhibiﬁory formation", inhibits the facilitatory ]
formation, although not directly. fhe basal ganglia ansgfhe cerebelium,
which are considered parts of the lower brain, 'as well as the forébrain
issue excitatory impulses to tﬁe inhibitofy formation that enable

the latter to exercise its inhibitory effect Sn the facilitatory
formation. In additicn, the basal ganglia, cérebellum and cerebrum

directly inhibit the facilitatory formation, and thus the intrinsic

;excitatory nature of the latter is offset by these two inhibitory

“y
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processes. From this brief description it is apparent how, in an

unmutilated animal, the 'excitatory and inhipitory impulses originating

'in various regions of the brain are pitted against one another to

prodiuce a basal state of readiness for action. These antagonistic

. .-

processes provide the animal with sufficient nervous energy fOf it

o . ®_ . . : S .
to maintain its balance and support its weight against gravity in a .
manner that defines its normal bodyv posture.

'Bf contrasf, if 'either the basal qanq&ia, cerebellum, or
- , .

cerebrum is removed the facilitatory formation exercises insufficiently

inhibited influence over "the spinal cord to produce a state Sherrington
, _ . R

termed, "decerebrate rigidity". During such a state, all skeletal

muscles, especially the ,extensors, are thrown into 'an extreme state of

-

contraction chafacteristigally causing‘the animal's limbs to stqftch

. " ‘ ) ]
stiffly‘downwa?d,‘and its head and tail to stretch rigidly upward.

Sherrington also demonstrated the physiological counterpart to

-

decerebrate rigidity, which he termed "spinailshock". A high spinal

transection, which severs the cord from the influence of the facilita-
. . - A . ¥
tory formation, gauses a profound devressidn in the muscle tonus of

" all skeletal muscles aboral (tailward) to the transection. The

depression renders the limbs incapablq,of'reflex responses of any

sort, for hours. in a frog, to_montﬁ% or eveh-years in a man. There-
éfter, the neurones of the vérioué reflex-arcs increase their intrinsic
eicitébilityf'soméfimes'becoming hyperexéitable, and the capacity

for refl?x action returﬁs. Sherrington attributed spinal shock to

a "defect of transmission at the synapse” (IANS, 245) a defect

that is due to, presumably, an absénce of impulses from the brain

“that are normally available for the[ﬁynaﬁses to transmit. Sherrington
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learned about the brain's contribution to posture by means of suragscal -
experiments such as the above.. e L. o . .

Although spinal reflex tonus contributes to normal body " . (“L
<

posture, there is a marked difference between the posture produced

by the cord alone, and that produced when the brain is .intact. And

thNs pOLnted +to the difference between motor coordlnatlon, ‘per se, ;

and higher order motor solldarlty.! The overall posture of a splnal —\\\

animal is simply a concatenation of the po§tural effects produced
— . :
by each spinal segment in fhe series. The stretch receptors in a

given muScie inform a particular seqmant of a definite contractile

state of the-mﬁsc}e, more in relation to its antagonist than in re}ation
to the remaining limbs. In contrast, the laoyrnthine receptors of

the cranial segment iAEFrm_the brain, especially the cerebellum, of

the postural states produced by evety segment of the body. Such
information defines the animal:s posture less in relation to individual
segments, and more in relation to ohe external world. This enables
the brain to respond in a manner that engenders motor solidarity,
whereas a spinal segment hasAmerely local jurisdiction. On this
difference Sherrington writes:

"A posture of the animal as a whole -- a total
posture —- is as much a complex built up of postures
of portlons of the animal -- segmental postures --
as is the total movement of the animal -- its
locomotion -- compounded of segmental movements.
Wwith the hinder part of its spinal cord alcne intact
the frog maintains a posgure in its hind limbs.
These limbs are kept flexed at hip, knee, and

ankle. When displaced from that posture they

return to it. But if the animal be rolled over

onto its back it makes no attempt to right itself.
The decerebrate frog with its labyrinths intact

and their arcs still in connexion with the skeletal
musculature maintains the well-kndwn attitude

before mentioned. If inverted it at once reverts

to that. The labvrinth keeps ‘the world right-side

(f' _ S
CN
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up for the organism by Keeping the'orqanism right- 3
R . - side up fo.its external wo¥ld. The _&ranial ‘receptors R
control the animal's total postq;e;as do receptors '
; - - of the hinder musculature the scgmenial posture of
1L éa? - the hind limbs when but the hind end of the spinal
!

|
‘ - : 100 a :
|
|

-

cord rema;ns.“ {IANS, 341) M

‘\5(;/_

‘Thus metor solidarity-engendered By the brain is recognizable even

in regard to posture, which cdh be considered the, most primitive

. _expredgion of motor solidarity. N
‘/ :! - . * | ) ) '-
A\ 4.2 LOCOMOTION™ - "

-
.

i However, as the above passage suggests, there is ndt a sharp

1 - 1.

? division between posture and loconotlon, as Sherrlnﬁfbn states in
this passgge: ' . . . . ’ )
« -
"Naturaﬁly, the distiné%&on between reflexes of
_attitude and reflexes of movement is nof in all ' .
j\ cases sharp and abrupt. Between a short lasting, N
‘ . attitude and a slowly progressing movement the
difference is hardlyv more than one of degree. . x
Moreover, edch posture is introduced by a move-" - o
ment of assumption, and after each departure from . C 7
posture, if it is resumed, it is reverted to by D
a movement of compensatlon. Hence the taxis of
attitude must invelve not only static reactions .
of tonic maintenance of contractlon, but inner- -t
vations which execute reinforcing movements and <
cappedsatorv movements.. In all this kind of - T
ction the proprioceptors (stretch receptors)
of the body generally and_the labyrinthine

receptors in the head, .appear to cooperate~to Y* ’ ~ ‘
. gether and form functionally one. receptlve system )
- . (IANS, 341) <

. T e -
Accordingly, the locomotive acts initiatedhm'ahniqneClass of .receptors

-

that feed into the brain, especially into the cerebral cortex, are

characteristically expressive of motor solidarity. Sherrington called

these receptors "distance-receptors" (the eves, ears, and nose), =

: . .. .
j because they react to objects at a distance. As.,we shall discuss
. - . V)
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shdrtly, the reactions distance-receptors initiate have what”

Sherrington called a “p;eéurrent relation” to subsegquent reactions’

" that gives the distance-feceptors a singular biological importance.

What needs immediate clarification is the solidarity of the motor

-

acts these distange-receptors initiate; Sherrington writes: :

-x/\; . '"As initiators of reflex movements the action of
_ . (the distance-receptors) is characterized by
= L . tendency to work or control the musculature of -the
. animal as a whole -- as a single machine -- to
impel locomotion or to cut it short by the assump- -
- ° tion of some total posture, some attitude which
- involves steady posture not of one limb or one . .
appendage alone, but of all, so as to maintain
an attitude of the body as a whole. Take for
instance, the flight of a moth toward a candle,
the dash of a pike toward a2 minnow, and the tense
\ steadiness of a frog about to seize an insect.
These reactions are all of them ex¢ited by distance
- receptors though in-one case the musculature .
A is impellgd toward\the stimulus (positive phdto- N '
’ tropism), in the other restrained (inhibited)
from locomotion. Whether the reaction be movemes
toward or movement away from J{positive or negative) N
or whether it be motion or iits restraint (excito-—
motor or inhibito-motor) does not matter here. The
point here is that in both reactions the skeletal: >
‘h musculature is treated practically as a whole and
in a manner suita®ly anticipatory of a later &vent.
(IANS, pp. 326-7)

I

Later in the passage, Sherrinéton points out that:sqch holistic

*  motor involvemept is far less evident among responses evoked By
exclting the exterio-receptors }non-distance-receptors) populating
the receptive field of a spinal animal's hide; the latéér receptors

w

“evoke merely local responses, as we saw previously. Thus, the ~—

—
difference between the holistig responsﬁs evoked by distance-

receptors and the local responses evoked by non-distance—receptgzk
is further evidence of the emergencé of motor solidarity as.a

behaviocural property that is gqualitatively distinct from, although
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physiologically'dependent upon, motor coordiﬁgg;on: ‘ i

Behavioural reactions’ lnltlated by the eves, ears and nose,

- -

the dlstance—recepters, in addition to being Fharacterlstlcallv holistic,

*J
involve two stages. The immediate behavz:ii/so evoked is best-described

‘as aniicdpatory to a subseguent consummai¢giy behaviour. Since.the
-»

subsequent behaviour is usually a reacﬁf;n evoked by norn-distence-
_ \ .
recéptors, the distance-receptors are said to have a "precurrent

relation” to the non-distance-receptors. For example, consider the
behaviour of a piké about to seize a minnow. Its visual, auditory

and. olfactorv receptors initiate its wait, and then its dash toward

the.minnow. This behaviour precedes or anticipates a final or con-
- = » "‘-\

- summate reaction, i.e. of swallowing the minnow. However, the final -

reaction, whatever it may be, is determined by non-distance-receptors,
most likelf those populating thS inner surface of the mouth. Should
the object seiéed bv the pike actually be a minngw, taste-receptors
will ,most like}y evoke the swallowing reflex. On the other hand,.
,should the apparent minnow actually be a fisherman's lure, pain-
receptors .in the mouth will most jlikely inhibit the swallowing reflex,
ané‘the pike will probably react in an attempt to expel the lure.

In either case, the reaction evoked bv the distance-receptors remains

the same, ané is therefore independent of subseguent reactions evoked

.

by the non-distance-receptors. By contrast, the reactions evoked

by the non-distance-receptors are most unlikely to occur without

the occurrence of the anticipatory behaviour evoked by tlie distance-
D

receptors.

(N

~This last comment suggests the'value of the distance-~receptors

to the animal and its speciesf As Sherrington writes:

[
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"The distance-receptors seem to have a peculiar
importance for the construction and eveolution of
the nerveous system. In the higher grades of the * -
animal scale’ orfie part of the nervous system has, '
. as Gaskell insists, evolved with singular con-
stancy- 2 dominant importance to the individual.
That is the part which is called the brain. The
brain 48 always the paxi of ithe nexrvous sysiem
" which L8 consirucied upon and evelved upon the
distance-recepiors. Their effector reactions and
. sensations are evidently of paramount importance
in the functioning of the nervous system and of
the individual. This seems explicable, at least
partly, in the felleowing manner.

An organism is not a machine which merely transforms .
- a quantur of energy given it in potential at the
outset of its career. It has to replenish its
potential energy by continued acquisition of
suitable energy-~-containing material from the :
environment, and this material it has to incor-
porate in itself. Moreover, since death cuts
short the career of the individual organism, the
species has tgrbe maintained, and for that in
most higher organisms there is required accession
of material (gametic) £rom another organism (of
like species) to rejuvenesce a portion of the
adult, which portion then cast off leads a new
individual existence. To satisfy, therefore,
the primary vital requirements of an animal
. species, actual material contact with certain
objects is necessary; thus, for feeding, and
in many cases for sexual reproduction.

In these processes of feeding and-conjugation
the non-distance-receptors play an important and
essential part. But ability on the part of the
organism to reacdt to an cobject when still distant
from it allows an interval for preparatory reactive
. steps which can go far te influence the success of
attempt either to obtain actual contact or to aveid
actual contact with the object.” (IANS, pp. 325-6)

To conclude my discussion of motor solidarity, I will sketch
how the nervous system is organized to perform locomotive acts.
Basically, ordinary locomotion requires that thre€ main neural

centers be integrated with each other: the forebrain, or cerebral

~
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“EBrtex, the lower brain, or cerebellum, and the spinal éord. The

e

cerebellum is the 1ntermed1arv organ 1nteqrat1nq the forebraln, which

5
A \

issues motor orders, with the splnal cord, Whlch translates~the orders
into actions. It functlons by comparing actual contractile states

of the skeleéal mqsclés, as depicted by incoming sensory rnfOrmatiOn
from toe propriopeptors and the Iepyrintht with the outgoihg motor
diregctives iesuedepo the motor svstem by the cerebrai corteQ. The

cerebellum monitors and makes correctlve changes in the motor ach-

ivities as thev occur, and is therefore of qreat lmportance to activities

such as running, tvping, piano-playving and even/pglking,'where subt~
lety of adjustment in muscle contraction is imperative and rapid.

Sherringfon's researxch of the brain would be continued by his students

-

who uncovered the details about the structures and functions necessarw

to motor solidarity, in respect to both posture and locomotion.

4.3 SUMMARY . _—

e, 1 - -

Our investigation thus far has uncovered what kas been v
N

considered to-be three levels of refle\)lntegratlon Our findings

can be summarized in Chart ITI. ({(See page 105)

—
Chart III shows that by Mmeans of the integrative action of

the nervous system three levels of observable complexity emerge:
_ = .
motor coordination within a given reflex; motor coordigation between
\

reflexes, both allied and antagonistic; motor coordination augmented
and regulated to effect motor solidarity. Moreover, in general,
greater complgxity entails grégter dependence, especially upon
*simpler’ con&%tions. For instanoe, motor solidarity depends upon

the necessary conditions of motor coordination: the all-or-nothing

\— .
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behaviour of intercellular conduction; the irreversibil;ty'of'inte:—‘
cellular conduction; fractionation and océlusion, thg pﬂysiolpgical‘
products of converging afferent neurdnes to a final common pathway:
and recip?ocal inhibition:‘ In addition, motér solidarity depequ'
upen the distance receptors, and various parts of the brain. By ° il
contrast, 'lower level' motor coordinaéion is prodgciblé withi
centers higher than thfjspinal cord. In short, Sﬂé{fin
integrative action theory shows how a multi;;;;§ty/of behavioural
complexitiés is created and welded to&ether by the nervphs systeh .
to producé the functional unity which characterizes the behaviour of

a vertebrate animal.

5. PURPOSIVENESS IN THE REFLEX

Common to the behavioural diveréigy so produced, and perhaps
indicative bf how functiénal unity is attaigsg—is the striking feature
that at all levels, abehaviour L& purposive. 'Purposiveneésrié an
obvious aspect of mindful behaviour. If I go to tﬂe store, I go
with a particular purpose; if I study, ;-study for a reason; if I
invest, I have a goal in mind; indeed, mindful behaviour that is
not purposive is verv often not intelligent. Equally, the object of.
a scratch reflex is neither indiscernible, ﬁor easily confused with |

o

the purpose of, séy; a thrust reflex. ”Sherringtén asserted that such

. S ) .
spinal behaviours are "not meaningless; they c¢arry each of them an

‘obvious meaning." (IANS, xi9 Equally again, spinal behaviour is

. .
nqp/intelligible unless it has a distinct purpose:
e
The purpose of a reflex seems a§ legitimate and
urgent an object for natural inguiry as the . -
(purpose of the colouring of an insect or a
blossom. And .the importance to physioleogy is,
that the reflex reaction cannot be really
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1ntelllglble to the physiologist until he knows its

alm. (IANS, 237) A
Here again is Sherrington's clear’gsmmltment to the belief that
teleology is the proper domain of{r éx\ntlflc phvs;ologv Wlthout
teleolagy, knowledge ln phvs;ologv is 1m90551ble, accordlng to _é
Sherrington. Yet, contrarxry to what modern phllosopheqs such as Nagel
.hold, such a commitment to teleology does not futther necessitat
-adopting the view that teleoclogy is speciai‘odgsality. What is
entailed in Sherrington's commitmeht'to teleology'is adoption of

D ‘ - A
the ¥4 at teleology denctes a speclal organizaition of ordinary

.\\ causal processes. Thus we find Sherrington in Lecture VII outiining

“~the rules for assigning purposes to particular reflex acts, and these
- . o .

rules, as we shall see below, make reference to the nervous system's |
. -—
organization as characterized by what he termed first and second order

- . . ~ »
coordination, respectively.- - In other words,' in knowing the intearative

‘

characteristics o a given reflex, learned through repeated observation,

one is able to inductively surmise the particular purpase of Jthe .

’

geflék in question. Allow me to elaborate.

Sherrington developed a method to determlne the purposes'

r -

of dlfferent refletes, the so-called "fractlonal pleces" of an anlmal'

total behavzour. He was not concerned to lnqulre about the "Lntrlcate

purposes ... traceable in these total react;ons which constltute

the creature's behav;our.as a soc1al unlt'ln-the natural economv esel
' J

(IANS, ?38) ; Rather, he wanted to demonstrate, by emplrlcal

- analysis, that sc and SO reflex had such and so nurpose. The method

involved repeated:observatlon"»of 'one or other of the conditions

attaching to the (reflex) reaction.” (IANS, 238)

[

~
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The mode of adeguate stimulus is one of these. The
time-relations. and spatial form of the response are
others. ... anéd ... The accessory parts of (a reflex
reaction) are often instructive concerning the whole.
{IANS, 240)

The mode of adeguate stimulus, the time-relations, and the

spatial form are all conditions, we have seen, that characterize first

“order coordination. Thus, one must understand first order coordination,

coordination that renders responses appropriate to stimuli, to determine
ey . . ) .
the purpose of a reflex. :Moreover, knowledge of the accessory.parts,

or of the partigplar coordination E;esentfb%twéen the main.reflék under
study and all others observable at the time, is also ﬁecessary to deter-
mining the purpose of the reflex under study. Thus second order co-

ordination; coordination between reflexes, tells the observer someiiigg

of the purpose of a reflex as.well. *Sherrington offers a helpful ’

example:

The broad pressure applied under the foot-pad which
seems the adequate stimulus for the 'extensor-thrust'
and the brief forcible straightening of the limb .
which.constitutes the response suggest that the

reflex has its purpose in the execution of an act

in the series of movements of stepping in the

animal's locomotion. ... Again, the connexion

between the ticklifg irritative stimuli which seems:
'adequate' for the 'scratch-reflex', and the scratching
‘movement itself which results, suggests that the
purpose of that reflex is a grooming of the skin

to protect that organ against parasites which infest

it and would confuse its function as a receptive SR
surface reacting to more significant environmental

stimuli. (IANS 239)
The modes of adequate stimulli for the extensor thrust and scratch
reflexes are, reépectively,,pressing and tickling, their respective
time-relations are, aphasic and phasic; and their respective spatial
forms may be described as, straightening of the limb, and drawing-in
then reaching with the limb. On the fourth type of datum, concerning

the accessory parts, in the case of the scratch reflex, Sherrington

observed: -
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The accessory parts of the reflex, namely those in

the three limbs which are not scratchlng, are ailso

contrlbutorv to the same effect-as in the scratching

movement in the right hind limb itself. They steady

the dog and secure the stability of its body during

the performance of the scalptor act. (IANG, 240) -
Lastly, it-thus appears that for Sherrington, assigning a particular
purpose to a reflex is not unlike geherating an ordinarv empirical
hypothesis. From a number of controlled observations, experiments,
a set of data is collected. Routines and reqularities are' determined
from an analysis of the data, and relationships are surmiged; from
the collected data, one reasons inductively as to the purpose of a
given reflex. Presumablv, the Eertaintv abbut whether such and so is
the inductively derived purpose of so and so reflex would depend upon
an absence of particular instances of identical behavzour hav1ng S
contrary purposes. Scratching, for example,‘!imld not be the purpose'
of the scratch reflex if it were learned that the characteristic motion

T e

always failed to remove the irritant, or that the 'irritant' prov®d
not to be irritating, or if some effect other thén'removing the
apparent irritant was discovered.

'In short, by observing reflex behaviour, through the light
of knowledge of the integrative action of that behaviour, )m was
p0551ble for sherrington to inductively derive the purposes of various
reflexes.

~

Assigning purposes to reflexes, teleology, is justified,
Shierrington held, owing to Darwin's theory of evolution. Certainly,
in Sherrington's view, Darwinism had dissolved the age-old problem
about whether mental events accompany spinal reflex reactions.

Darwinism showed how a spinal event could be both purposive vet

—_
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non-mental: . _

! .
. /\TDarwinismj‘suggests how purposi ecneural mechanisms
' may arise. It furnishes the key ‘te,the gensis and , .
development Gf adapted reactions and, ng these 1.
. latter, reflexes. -
That a reflex should exhibit plrpose is no Longer .. v N
considered evidence that a psvchical process >
. attaches to it; let alone that it represents any
dictate of 'choice' or 'will'. In light of the
Darwinian theory every reflex musi be purposive.
We here trench Ron a kind of' teleologv. (IANS 236)
R

'TLus ; purposive act is\an_ggabted reaction. But Sherrington does
not enter into a discussiég of how Darwinism justifieshghe.use of
terms such-as "goal", "purpose" or “aim* in the context of discussions
of non-intelligent spinal reflex reactions. His aﬁtention‘turned
instead to the experiméntal difficulties the phenomenon of spinal

shock po to discover the pyrp ses of various .

reflexes. My dI Ssion will now depart from hi%L—i?d focué first
upon tbe question 0f the Darwinian juétificaﬁion that Sherrington
probably had in mind. : _ .

A‘maip mechanisﬁ of evolution is the process of natural
selection, which chahges the .phenotypic prope;t%es of a given population
over time. Darwin observed individual variation among members 6f the
same species; and surmisgd'that some variants would have an advantage

‘
over other members in the {truggle for life. The favourable variants
would tranemit their advantageoys properties to their progenv, and
since populations produce many more progeny thaﬁ what the environment
will permit, the proportion of faYourable variants which survive to
reproduce will be "larger thgn the unfavourable. Thus there will be

continuous evolutiecnarv change, producing new variants, species,

genera, and so orn.
-~ ) , N ']
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Sheraington belleved that a purposive reflex act, such as

scratching to remove a flea, is a process that developed over genera—

_tions because cf a more or iless c0nstant element:ig the species' .

environment e.g.-fleas (irritants). Individuals hav1ng the”’ capac1tv

for scratching and grooming their hides were perhaps less susceptible

to disease, generally "better able to do dominate their environment”,

and thus more likely to have progeny.. These, in turn, would have
to compete against a population whose greater number is so adapted
in respect to a scratch reflex. If the envirconment cont;nued to
selectively favour such a purposive reflex act, the fittest among
the offspiing will be, ceiexris panibus, those whose scratch reflex
is most adaptive, i.e. purposive.

In equating 'purpose' with adapted reaction' has Sherrington
settled one phllosophlcal problem, only to overlook anothex?
Darwinism does enable 'purposiveness' to be explicated without
mentalistic phraseology, but it does not reduee teleological terms
tc causal ones. For evolutionary ‘theory does not characterize an

individual purposive act gua individual act, let alone explain the

causality of the individual act. At most, the theory hints at the

causality of purposive .behaviour by rendering the striking sophietication

an end result of an ordinary, forward-going developmental process.
To explﬁin Lﬁdiuideaﬂ purposive acts we must rely upon the theory of
integrative action, not evolution. Yet in so doiﬂg, we of course
encounter unreduced teleological concepts: recall, "the reflex
reeefion cannot be reallv intelligible to the physiologist until he

knows its aim."™ (237) Can such inductively derived teleological

concepts be reduced to causal ones, or are they a necessary and

he
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fundamental aspect of E:j§iology,a55hérrington claims? Nagel's
model of self regulation can now be tested against Sherrington's
theory of ingegraﬁive action to ensure its generality, and against

Sherrington's contention that teleology is to be used, not avoided.

4 -
s~ -
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CHAPTER III -

SHERRINGTON'S ANSWER TO NAGEL
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I can now ggvewcrftical scrutiny to Nagel's model of goal-
. ' T . e » ‘ ‘
directed behaviour inh view of Sherrington's. theoryv of the integrative

action of the nervous system, a goal-directed svstem pax excelflence. 7

-

- Recall that for Nagel, a purposi#e or goal-directed system can be

- . e .

reduced to three primary ﬁ%opérties of the behaviour of such a svstem;
. 3 —

the behaviour was claimed to be: plastic, persistent, and orthogonal.

These properties, in turn, are fﬁrther reducible to, or solel&

attrlbut?ble to, the interplav between the parts of the svstem, in-

sofar as anv primaryv variation in the sfate of a part i offset by

some adﬁbtive variation in the remaining parts, which returns the
svstem to its homeostatic state, and gives its behaviour the above—
mentioned primary properties. Clearly, therefore, showing that thése
properties are not truly predicatedof purpdsive behaviour is a
serious blow against the legitimacy of Nagel's reductionist efforts.
In the first place, Nagel's criterion‘of plasticity must be
rejected: a process can be goal-directed, vet have but one pathway
to the goal. Witness the mouse iﬂ a maze that has only one route
to the cheese. "The mouse's behaviour is clearly qoal dlrected even
though it is-restricted to a single course to bring about the result.
Thus, goal—directed behaviour is not necessarily plastic. Moreover,
the nééve impulses of a spinal reﬁlex, say the‘scratch reflex, converge
to what Sherrington called the final common path which leads to an
effector organ, in this case the hind limb. An absenge of alternative
nerve paths is essential for coordination in the simple reflex, and

equally vital in the compounding of reflexes. Were it not for a

I' . .\
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fihal common path, antagonistic reflexes could\send conflicting
o
‘orders' to the same effector organ, and the aé&mai would have no
automatic means for controlling stimuli and cocrdinating responses.

" The spinal reflexX represents a large class of obviously purposive
{ )

precesses. that not only dol\not, but in fact cannot, evince the property,

of plasticity if their goa'-directed organiiatitn is to be Pféserved.
‘Secondlv, we must gualify his criteribn of persistence. It

would—be wr;‘\\\however, to {gue against Naqel that, pers;stence

is not a property of goal-directed systems because, these svstems are

not alwayvs ab;g to persist‘in their behaviour to the realizatton

of the goal. This line of argument could cite the example of the

individual who exercises to avoid heart disease, bUt,who dies of

c0ronérv thrombosis while jogging;_;hgéin, Sherringtonjs study of

antagonlstlc reflexes showed ‘that certain reflexes have pre- emptlve

ablllt; over others, and thus the -impulses from an ong01ng reflex

may be blotked bv a second reifflex put into action. This criticism

of Nagel‘Wg}l not stand however, because it is necessary to assume

Aot

that the svstem 1s in fact persistent to arque that the breaking of

persi/tence, eith e death of the system or by the intervention

{
of akmechanism aiming at a

ighér level goal, proves that _ersistehce
is not a true property of goal-directed systems. In short,/ the
argument sup?orted by the examples presupposes what it attempts to
disprove , and thus it can't succeed. Although failure to realize

a goal does not affect the claim that purposive behaviour is persis-
tent, failure to realize adaptive variatioﬁs requires that the claim

be qualified. A system may be purposive, yet never show the property

of persistence. That is, it may never-be called upon to make adaptive

4
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changes, for the,inyernal‘and external conditions may be sqcﬁ that
no disturbaﬁce evef occurs. Thus, should we use the criterion of -
persis;egcé consistently when attemﬁting_to identify goal-directe@
systems, as Nagel would have us do, we would overlook some svstems
which are not actually persistent, but which are in fact goal-directed

At best, the criterion of persistence should be gqualified to become
N

the\ciiterion of potential persistence: goal~directed systems must

~ .

havg”the capacity to Se persistent, although they ﬁay never havg to
berersistent.

Third,Jorthogonality as characterized by Nagel is misleading
and causes us to overlook an important feéture of goal-directed *
systems. The variables (A, B, and C) are logically independent, but
phgéioﬂogicaﬁﬂg anc&dependeéz. Logical dependence would dictaté:

as previously indicated, that the state of one variable could be

logically deduced from knowledge of the state of the more primitive

-variable, and it would thus be redundant to mention the former in

defining the primary conditions of +he system at hand. However, it
should be pointed out that a deduction of the sort Nagei wants to
guard against is possible only if our guestion about the state of'
aﬁy particula; vé?iab%e ¢an be raised in thé context of aiknowlédg

of the state of the egtire set of remaining conditions, both internal
and external. It is impossible, for example, to deduce that the

left hind limb of an animal is scratching,rand not withdrawing, from
information about the state of what Sherrington called "the accessorv
parts" 'alone,pamely, the remaining three limbs. It would seem that

a2 deduction. of this short is possible if we know at least something

of the reflex in question, e.g., that the tactile receptors of the
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. hide are Being stimulated, -and not the pain receptors of the left

foot. Converselv, from knowing that the scratch refle% is operating,
it does not follow that thé acceésory parts are in one particular
state and not another, e.g., positionea for standiné, as opposed to
being relaxed with the animal sitﬁfhg for a.scratch. In short,
deducing the state of one variabie from that of ancother is not possible
with ;i.ncomplete.inforxf.la".:ican_r and thus Nagel did not have to worry

that the logic of his model of a goal-directed system would collapse ¢
into a description of one and only one $f its parts. What he intended,
of- course, was to protect the reasonable distinction between purposive
sys;ems and ordinary systems of equilibrium, without-félying upon

the concept of a goal to do the job. But if my criticism is sound

the difference between the two for Naqel is a functlon of the complete-
ness' of our information about each system: we treat closed systems

in defining equilibrium, but epistémologically open, or partially
defined, systems when defining goal-directed behaviour. Clearly,

such arbitrariness renders the distinction between equilibrium and
goal-directionone<:fdifferencé-in degree, not kind. To say that
goal~directed systems are orthogonal is ﬁot to distinguish them from
egquilibrium svstems, pex $¢, and this is.unacceptable.

\Moreover, Nagel's fruitless argumé%t for logical independence
is misleading in that it causes us to overlook the.physiologicai
interdependence between parts in a goal-directeé sfstem. As Sherrington
demonstrated, the state of any one component of such a system in some
way shapes and determines the state of the remaining internal conditions.

For example, the accessory parts to a scratch reflex, the three

remaining limbs, can facilitate the scratching motion by steadyving



b 118 —~

the animal. Conver;ely, the scratch reflex of one limb will itself
influence the state of the remaining limbs for the duration of its
dominance. State variable inte;éependence is a crucial feature in

the compounding of reflexes, as Sherrington has shown, and thus a
necessary condltlon of coordination and purposive behav;our. Further-
more, it is precisely because of the nggal interdependence among
variables of a directively organized svstem that we exclu@e the likes
of rivers from being purposive processes: although the direction a
river takes is caﬁgally dependent oi the lie of the land, at scme

time tj, the lie of the 1la is not causally dependent upon the river
flow at the same moment. On the other hand, the body core temperature
will influence the diameter of the peripheral vessels, andluice'
versda. Even the position of a flea will affect the state of a hind
limb which, in turn, may significantly alter the state of the flea.

S0 the va}iables must be phvsioclogically interdependént, though theyv
may . be logically independent. A close study of the integrative action
of the nervous system -- a goal-directed system if there ever was one
-- leads us to réject all three of Nagel's criteria for goal
directedness, and so upsets his reéuctive.proposal.

The heart of the trouble with Nagel's theory of directive
organization stems from the verv attempt to avoid teleological term-
inology, vet characte£§ze tﬁe.essential concept of a teleclogical
system. The effort fails. First, the concept of orthogonality can
safeguard the distinction between goal-directed and equilibrium
systems provided itshmeaning entails- the concept ¢of a goal. Whereas
the formal meaning of "orthogonality" which Nagel defines is fruitless

and misleading, an informal definition, in the sense of 'self-
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straightening’ orj'setﬁ;sorrecting', can secure the distinction

between these two kinds of systems.. Goal-directed systems are self-

-

straightening, orthogonal, wiEhnrespeEt to some goal. éﬁuilibrium‘
svstems, on the other hand, are noE\orthogonal because it is

empirically meanlngless to refer to the "qoal" ofesich a svstem.

j
Second, recall tlyor Nagel pr:.mary ‘var ata.ons remove the svgtem

.

from its G-state,%and adéptive variations/, @ compensaéory ch ﬁges,

return the system. The analysis is co tly teleologicpal!
adaptive variation is an adjustment to a change; but noE)jusﬁ any

4

\./—/'-/
Such adjustments are

—achieved joaf, i.é;,
redicateX gf the

e, cetendis ‘pardibus.

adjustment can be considered truly adaptive.
adaptive with respect to some'gdtune, vet-to-
with-respect to a condition that is noE presen
system, but will be so predibateﬂgt a future
Dlrectlve-organlzatlon cannot be described yithout tacit reiiance \)
on the concept of a goal; such organization is inherently teleologlcal
Third, purposive behaviour is recognizable only if it is possible

to ascribe a goal to the béh;vigdr in question. At most, Nagel's

thrée distinct characteristics.are clues that hag-alert the observer

to @he presence of a goal-directed system. However, the absence of

any one or all three of these conditions should not lead-the observer

to conclude that what is befde‘ﬁiT:is not a goal—dir§btedf§ystéh;
. N

Even when. these properties ae present, what clinches the-case is

whether ihe properties exist with respect to a'géal. If a goal is

not discernible, the properties do not describe a goal directed system.
A

The reason the knee jerk, gua knee jerk, is not a goal-directéd process,
is not because it lacks persistence, as Nagel asserts (270, "Teleology").

A knee jerk has no purpose in the animal economy, and therefore it
/

5 . ~
)
J
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is not a teleofggical event. It is, however,.&nd&cat&ve of a goal- .

-

In the clinic, ‘where a knee jerk is evoked for the purpose of caual

3 ; directed’ process, namely, the tonlc reflexes of the llmb in guestio
| ;q\

muscle tonus\and galnlng insight lnto neurological disorder, the

[

. knee jerk becoTee a teleologic ewvent. ) L . ' -
' L S
‘ - t For Sherringt®¥n, purpbsiveness is as much a quality of reflex
I Y ¥

,abtion as is the presence of a receptor organ. Knowledge of reflex

-

action woul&ibe eg\incomplete witgsﬁt—ﬁéleology as ¢ wouléffe without

' the notion of~a receptor o‘i‘ganw -§herr1ngton s caéfErDhVSlcal account
’ f"-\

of reflex g%@ion begins w1th a receptor organ, leads us from afferent

} © neurone to grey matter, to efferent neurone,,to effector organ and

E ‘ terminates with the ::Eigl outcome, a ‘coordinated, purp051ve act.

]

E Both rece:\brworgan purposive act are observable and necessary

E to an explanation of the integrative action of a spinal reflex. Both o

copcepts are equally sﬁsceptible to becoming emptied of empirical
P —— "

-
-~

: ’ meaning, if taken from the context of the integrative action theory.

; 'Receptor ngan' is.meanians§§§:ithout the concepts of 'neurone/
; . synapse’', 'afferent' and 'effer nt arcs', 'grey matter', 'motor

a4 coordination’ and so on; i.e., without the theory of the integrative

action of reflex_&ehaviour; qually, purposive reflex behaviour is

either misleading or an enmpty phenomenon without the context of the

theory /of the integrative actdon. VYet Dur9051ve ‘behaviour is not
N e,

merely an_effect; it is an effect which can in turn, cause changes

in the sysfem itself. It is not ;:\epiphenomenal product; it can

be a causally efficacious controf mechanism. Purposive behaviour

can be_etudied, as Sherrington ha%?ogﬁd‘its effects on'the teleological -

o system can be measured as modern physioclogists are doing. In regard

~ v - . -
7



to causal efflcacv as well, then, purvosive’ behav1our enjovs the same

.o status as anv anatomlcal feature necessarv to reflex actlon.

-_"’ Bv reaffzrmlng the place of teleologv in the studv of organic

\

.svstems, Sherrzngton anticipated the primary interest of present

dav phVSlOlOgV.

ntll recently, the principles of contrel systems
as applied to the human body have been applied only
qualitativelv rather than gquantitatively. For
instance, in the case of baroreceptor regulation

of arterial pressure, phv51ologlsts have simply
stated that an increase in~pressure causes a reflex

decrease in pressure back to normal. However, .
\‘,/7’——T5\“=>\¢his means very little unless we know heow much . it
‘ effect joccurs. But within the past 15 vears, :
application of much more quantitative principles -
of control systems has begun to make phvsiology

a much more exact science than it has been in the
past. (Guyton, pp. 7-8)

With the akove in mind, consider the followinq example from Guyton
of a purposive prbcess{ the homéostatic gentrol of "temperature.
(See page,l122).

- The phvsiological interest in meehanisms of control focuses
squarely upon purpesive behaviour, gua purposive behaviour. Tﬂe
causal efficacv of the svstem upon itself, of these vurposive
meehanisms, is the primary interest. They are not regarded as
epiphenomenal and understandable only in terms of some underlving
microprocess, as Na;;\.would have us believe. Purposiveness is
an emergent property cof the material, an organizatiocnal property

. T of matter, just like mentality. -Purposiveness, as a mechanism
of control and management, in and of itself, is as much the rightful
domain of séientific phvsiology as mind is of psychology.  Nagel hae

actually misconstrued the problem: teleology need not be considered

a special causality, as it once was, but a_special organization of

s



. FUNCTIONAL ORGANIZATION AND CONTROL OF “INTERNAL ENVIRONMENT

“Figure 1-5.  Static analysis of a control system.
This figure, presonting an analysis of the control
of bady temperature, shows values for diffcrent
variables in the system under two differont condt-
tions: (1) nermal, and (2) when there is an in-

Disturbance

Neoemel velue of 8*
. - tha controlled {” NBT+9

verlebis

L2) npv-gae

Actual value of
the contreilnd
varicble

17 8T =925*
2) BT »99°

F

1,

crease in air temperature of 50°F, thergby ereat- 2'; g:-?sco @

ing a disturbance that attempts to raise the body

temperature. (NBT « Normal body temperatute; Y.

BT = Actual body temperature; E = Error; C = Compensatian ®

Compensation; D = Disturbance,) 1) CeC® - Lreer

2) = 49° Fosdhaock {.‘.; AN

teanster -
fungtion
Goin s =49

tual value of the controlled variable and the normal
value. The output of this block is called the error.

Block 111 is the feedback portion of the conirol
system that responds to the error and determines the
degree of compensation that will occur to overcome
he disturbance.

Application of the General Analysis 1o the Control of
Body Temperature. Now let us apply this general
analysis of a control system to an actual cxample. the
control of body temperature. At each point in the
system two different sets of values are shown. The
first value in cach instancc represents the notmal
when there is no disturbanee and no compensation
by the control sysiem. Thus, the normal values are as

follows: .
Normal value for the controlled variable 98°(F.)
Disturbunce......... areerreranerrete e aaaes 0°
Actual value of the controlled variable.. 98°
ErTOr v rreertamreasraneens 0°
Compensation..ueeeeeeeeereeeveeeees e 0°

Next, let us add a disturbance that attempts 1o
¢hange the body tempermiture. In this instance, we
will assume that the air temperature increases by 50°.
If the body temperature controb system were not
functioning, this would increase the body tempera-
ture by 50°. However, as the body temperature be-
Eins torise, the actual temperature becomes different
from the normal value, an error develops, and the
control system provides sufficicn: compensation to
avercome most .of the disturbing elfeets of the ab-
normal air temperature. This compensation results
I'rqm evaporation of the sweat from the surface of the
skin. which in turn causes increased heat loss from
the body. Therefore, the second set of valucs shown
n Figure 1-S is the following: .

Normal value of the controlied variable 98°(F.)

Disturbance . ouuveereeeevrerrvreesssenonnn +50°
Actual value of the controlled variable.. 59°
Error.............. S SR et recseivatrerene, I°
Compensation.....coeevven.nnn... —49°

Thus, one sces that after the control system has
become effective, the actual value of the controlled
variable becomes equal to the sum of three different
values: (1) the normal valuc for the controlled vari-
able (98°), (2) the disturbance (+50%). and (3) the

compensution (—-497), piving an actual value of the
controlled variable of Y92, That is. the abrornul dis-
turbanee of +30° ciiunes 2t rise in body temperature of
oniy 1° .

One can then ealeulute the gain of this system by
dividing the compensation by the error (=39 divided
by 19, yviclding a feedback guin of =49,

Figure 1-6 illestrates the elfect of this 50 increase
inair temperature under 1wo conditions: (1) when the
temperature confrof syslem is no! functional, and ()
when it is functional. When the system is function-
ing, the compensation inercases at the same time that
the body temperature rises. Therelore, by the time
the body temperature has risen from 93° ta 99 the
contr system will have already inttiated =49 of
compensation, The body temperature, therefore. will
risc only to 99° rather than to 1487, an increase that
would occur if the control system Jid not exist.
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Figure 1-G. Effccts on body temperature of suddenly in-
ercasing the air temperature 50° F, showing the hypothet-
ical effect without a control system and the actual cffect
with a normitl control system. .
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ordinary causal processes. The causal efficacy of a purposive system

relates directly to its special'organization, and such organization

has become an area of inguiry and quantifiablé’knowledge in phyvsiology.

.
.
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CHAPTER IV

SHERRINGTON'S ANSWER TO HEMPEL
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THE RESOLUTION OQF. HEMPEL'S TRILEMMA

Recall Hempel's conclusion that functional explanations,
which argue‘f;om the observation of some recurrent activity to the
presence of certain itéms functionally characterizéd, from effect
to cause, are_gif?er invalid, nonempirical, or else trivial. Functional
explangtion is invalid, because although an item may have a function,
the occurrence of the function does not imply the existence of the
item; it becomes nonempirical if we attempt to save the dedugibility
criterion, in the only ;ay possible, by defining the item as fﬁnction—
ally indispensable; to save both the deducibility and empirical
meaning criteria, we mus£ render the explanation a deduction of a
¢lass of functional items'I, but this will n¢t provide for the
.explanation of particular functional items. Deduction of classes,
not particulars, though valid and meaningful is rather "trivial®,
according to Hemmel.

The trilemma can be resolved if the deduction of classes’
can be shown to have greater bearing than what Hempel aamits. Helpful
here is G.A. Cohen's remark that "it is no more a condiﬁion of sound
functional explanation than of sound explanation generallv that it
explain the phenomenon'in some ordained measure of specificity.”

If we reconsider the role of
functional explanation in phyvsiclogy, in light of Sherrington's
research and findings, the trilemma can be resolved. Let me begin
with a brief general statement about the relation between the sciences
of anatomy and physiology, as Sherrington appears to have developed

that relation.

LA
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Anatomy and phy;iology are epispemologically symbiotic.
Anatomical knowledge is logically necessary to physiological ex-
planation. Reciprocaliy, phvsiological inquiry often reveals gaps
‘in anatomical understanding and shows aréas where further anateomical
exploration %s needed. For example, Sherrington knew that reflex .
action is a coordinated, purpqsive activity - it was the physiological
probiem he set out to solve - before the discovery of the anatomical
svnapse., His iétailed study of the phvsiological process, it will
be remembered, revealed eleven primary differences between nerve-
~trunk and reflex-arc conduction (see Chapter II, page 74). Obviously,
.reasoned Sherrington, there must be a; anatomical basis for these
eleven physiological differences; but owing to inadeguate histological °©
methods, Sherrington could not observe preciSely what this basis was.
Nonetheless, the overwhelming weight of physiplogical evidence forced
him to proﬁose that'réfléx—arc conduction is interneuronal, in addition
to being intraneuronal; i.e., he conceived the idea of a synaptic-gap
between anatomically separate neurones in the reflexfafc. Once the
presence of the synapse was proposed, he could begin to explain
first order coordination as a physioclogical process; Much later,
anatomists would observg the synaptic gap between neurones in a
reflex-arc. A second example of re§§5ning from known phvsiological
characteristics to unknown anatomical structures involves two steps.
The principle of convergence was based upon the known anatomical
situation wherein afferent-arcs outnumbéred efferents 5 to 1. The
» principle explained the known physiological phénomena of fractionation
ané occlusion, which Sherrington demonstrated by comparing motor

with reflex responses in the Tibiafis Anticus muscle (see Chapter II,
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page 82 ). In turn, however, fractionation and occlusion implied for
Sherrington the unobservable anatomical situdtion he termed a "moto-
neurone pool". Again, much lagér, the development of miCrotechniqueé
enabled anatomists to confirm the anatomic ituation Sherrington
had proposed, based upon his knowledge o©f phvsiologyv.

What these examples show is that physiélogical nquiry sZaxris
with the assumption that certaih, perhaps unknown, anatomical structures
have functienal significance. That is, certain structures are present,
and these, in 'some way, causgiiy contribute to the observed phyéio—

 J ) .
logical effect. Functional/physiological inquiry is satisfied once

the causélly significant- anatomical structures are known, for then
the latter can enter into a causal/physiological expianation of the
initially obserﬁed, and perhaps not understood, functional activity.

-' It does not follow from this that funcﬁional explanation
can and shoulé be replaced with causal explanation. I believe the
value of functional explanation is in the fact it éhows the functional
significance, or causal importance{ of the anatomical structures ///
that comprise.a physiological system. .The following deductive
schema for functicnal explanation is a resolution of the trilemma,
for it shows how the deducticon of a class of functional items is
the duty of functional explanation in anatomic;; and physiological

research.

(10a) At t, s functions adequately in a setting of
kind ¢ (characterized by specific internal
and external conditions).

(b) s functions adequately in a setting of kind ¢

only if a certain necessary condition, n, is
satisfied. (e.g. blood-circulation) )

(¢) n is characterized bv such and so features, v
and such and so are partly satisfied by an ‘

I-trait. (e.g. a pump of some form)



(d)

o

(e)

(£)
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Hence, at t, some I-trait is present in s.
(follows from the fact of s's functioning
adegquately) e .

Anatomical study shows i to be present':in s,
and. i is an I-trait. ; )

Hence it is i that satisfies n that is
necessary to satisfy s's adequate functioning.

From the above it can be said, a complete functional explana-

tion (l0a-f) points out the physiological significance of a k@cwn

anatomical structure; whereas, an incahglete functional explanation

(10a-4} shows where further anatomical research is needed. The aim

is to deduce physiological or causal significance, not anatomical

presence, when anatomical knowledge is complete. The account sits

well with what I have learned of Sherrington's research methods,

and it meets the three formal criteria of Hempel's D-N explanatidn.

L

<



CHAPTER V

CONCLUSION ON THE DEBATE ABOUT TELECLOGY
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Organic activities exemplify the same laws whiéh govern non-
living systems. Teléology‘is not a special, occuit, mode of causation,
as was once thought; but a special organization of ordinary causal
processes. The organization of a teleoclogical éystem is considered
special because it provides for the causal efficacy Qf the svstem
upon itself. That is, unlike ordinaiy causal processes, the effects
produced in a teleological system have the unique pfoperty of being
themselves causally efficacious upon gheir causal source. Physiolbqists
call the special organization which pioduces this capacity of a tele-
logical system a "feedbéék.loop". The feedback capability of é tele-
logical svstem distinguishes it from a system of simple equilibrium.
-The thermal equilibrium which will obtain between the temperature
of an open container of water placed inside a closed container of
air is the result of an ordinary causal process. If the water
temperature is greater than the ambient temperature, the cooling
process the water‘undergoes has two effects: it will raise the-
ambient temperature while lowering its own temperature. The raised
ambient temperature does not cause the ﬁater temperature to lower,
nor can it cause the water temperature to increase, ceileidls paribus.

In contrast, the feedback mechanism of the sugar-insulin system, for
example, distinguishes it from a situation of simple equilibrium.

Sugar regulation has at least three causal steps: (1) a raised insulin
level causes (2) a 1owered sugar level;'and a lowered sugar level
causes (3} a lowered insulin level. E&ually, in reverse: (1} a

raised sugar level causes ({2) a raised insulin level, and this in turn

causes (3) the sugar level to drép back to normal.

-".
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The reciprocal relation between the components of a feedback
mechanism, or loop, can be such that either\the initiéting cause is
reinforced by its effects or, as with most cases of biofeedbgck, and
as with the sugar insulin éxampié, the initiating cause produces an
effect which diminishes the potency of ﬁhe initiating cause. Thg
first tvpe of teleological system incorporates a positive-feedback
mechanism,lwhereas the second tvpe is the more common negative
feedback mechanism. ?ositivg feedback is believed tc be responsibie
for muscle contraction during childbirth: as the child exits through
the vaginal canal, it stretches the vaginal muscles which causes them
to contract; as contraction of these muscles occurs, the child is
pushed through the canal causing further stretch-receptors to become

stimulated causing greater co £ ion and so on until the child makes

good his exit. Physiological drug ad iction is another example of

the positive feedback phenomen on: tiHe more a given drug is consumed,

the more becomes nécessary before datiation is achieved. Negative
feedback, on the other hand, is more typical of the biological process
and is responsible for centrolling the levels 6f various chemicals in
the body, and. the activities of various biological processes. Negative
feedback is what is usually referred to as a control mechanism, since
it is the mechanism bv which homeostasis is achieved.

The special .organization of biological processes that gives
rise to positive and negative feedback loops reguires special tele-
ological categories and concepts suéh as 'goal', 'purpose', 'function’,
"aim', ete. for its explication. The maintenance of a restricted

range of values for certain internal conditions of the teleological

13
N - & . -
system is what is referred to as homeostasis. The self-correcting,
-
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or orthogonal, mechanism necessary to homeostasis is really only
intelligible if teleol;gical concepts and catégories are used in any
analysis. That is, althoﬁgh a homeostatic state is the result of éast
and/or present conditions within the system, the full meaning of .
what is occurzing within the system at a given‘time is understandable

only if reference is made to what the system is attemptiﬂg to accomplish,,
and most likely will accomplish af some future time. Reference has to

be made éb a goal which lies-in the future. This is what Sherrington
discovered about the-teieological process he encountered Zy’the,spinal

oing entails

reflex he studied: that understanding what the system is

knowing what the svstem is attempting to do. Moreover, this is also

what we discovered in Nagel's effort to descéibe, non-teleologically,
the causal interplay between paits in a feedback lopp: that his concept
of an 'adaptive variation' tacitly refers to some ﬁﬁépecified notion

of what the system is attempting to do. Undeniably, biofeedback
mechanisms coperate through ordinary causality. The scratch reflex, for
examplé, which offséts increased neuronal activity in.a local area,

is produced by causo-physical processes occuring in the reflex
circuitry involved and, in turn, the reflex scatching removes the
irritant in a manner which is straightforwardly mechanical. There

is nothing occult about any such example of purposive behavior,

The point is, however, that an adequaté understanding of

biq}pgical organization, at least in regard to control mechanisms,

is inherently valuational. If we really hope to know what goes on

in an organism, we must be prepared to assess the significance of

what we see, the teleological significance certain parts and processes

have for the organism. An organism is organized in a way which enables
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it to satisfy certain requirements, such as growth and reproduction. .
Orgar:isms and their subtle processes can pursue goals, just as we humans

can. Whereas with psychology, the justification for using teleclogical
g :

language in- accomtsof human, behavior ordinarily appeals to the .

organization of the subject's thoughts, beliefs and desires, for example,

in physgiology, the use of teleclogy is justified by appealing to the

physiological organization of the system in guestion: the svstem has

the organizational capacity to act purposefully. I short, what justifies

the use of £eleology in every case, physiological or not, is the degree

of organization of the system at hand. In physiology, its use does not

' require any occult assumption about intelligence on the part of the system,

as was supposed by early writers. Conversely, failure to use teleological
. \
language in physiology when one should, and sole reliance upon causal

phraseology to explain purposivé‘ﬁehaviof, results in either tacitly:

permitting teleology into the analvsis, as Nagel has done, or else ’ h i
failing to explain the significaﬂce of the physiological events wé X
encowmter The létter is tantamount to failing to explain the events .X

i
at all. . i 5

From the above, it is apparent that teleological and causal
analyses do not cqmpete with each other but address different asgects
of, in this case, bioclogical organization. Through causal analysis,
evolutionary theory leads us to understand how purposive mechanisms
arose, as Sherrington intimated. Causal énalysis is also necessary
to understand the feedback mechanism which makes purposive behavior
possible. Thus causal anglysis is necessary to understand both how
biological organization arose, and how it works. Teleolo ical analysis,

\
N

on the other hand, is necessary to understand the significance of the

causal processes which compose the organization. The significance of

~

[ SR
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. these is understood in relation to the goals of the system, such as

| growth and reproduction, as mentioned, and homeostasis, more immediately.

< | .

L R

P It should also be clear that teleologicalianalysis presupposes
. . - : a
- a causal one, for our ability to discern the goals of system depends

Pt - -
.

on, in large part, what we know of how the system works. Sherrington

demonstrated this point in developing rules for the assignment of

e r —r——— e

purposes to various reflexes, which rules are based on a knowledge of

the céusality of the spinal reflex. Moreover, it also appears that

! once we know how a §ystem'works;%e know its goals, that in knowing the
cause ée know the purpose. Is teleology therefore, after all, banishable
i in_principle? It is interesting in this régard to recall Sherrington's

reflection on the history of his subject that, once the antﬁigggmgrphi

image of an informing spirit which explained pu:poéiveness was unse@ted,
physiology became for a éime'“extremely reticent about purpose,
remaining simply objectively descriptive". (IANS, P.237) The implication

is of course that egglanaﬁion is possible only if teleological termin~

ology is admitted into accou?ts of purposive behavior. What I imagine
Sherrington had in mind is that purely causal accounts are "simpl; —
objectively descriptive", since these only alldw one to trace a chain
-af events leading, for example, from a receptive surface’to the contrac-

tion of muscle in an effector oréan. The overall structure of what is

T TR T YN M A e e e e o

happening is lost by concentrating on the subtler processes which .
'compose the event; one lcses sight of the forest for the trees,as it

were, unless teléology is relied upon in explanation. Philosophers

' such as Hempel and Nagel would reply to this, hdweyer,' that any

i
!
i
;
!
r
3
X
E.
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¥.

'‘overall structure' is causal, not teleological, and that the event in

question is explained by subsuming each subtle'process under an

.
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appropriate causal law which would enable a deduction-(explanationf
of the outcome from the initial and boundary conditions.of thé.
system. Of courégk as would be argued further, teleologicai terminology,
such as "purposémi "function” and "goal" can be translated into lgnguage
which’is purely causal. A strictly causal account may prove cumbersome,
and may vet be awaited, but with time, phyéiologists will develop and
perfect.a causal language more suited to the complex causality of
biologically organized systems.' In the meaqk;ime, teleclogy is a
convenient shorthand account ofﬂé longer causal explanation; butl
qo_nveﬁiehce shoulgige confused with indispensability. -

Is this conclusion of such philosophers really warranted?

Could Nagel, for example, substitute a purely causal ‘term for

"“aaaptive variation" ané still convey the meaning of the causal inter-

play between compénents in a biofeedback mechanism? Or will he always,

necessarily, run into the trouble of tacitly relyving upon some
unspecified teleclogical notion? I replvino' to the first two questions,
and answer the third in the affirmative.

I believe theré is truth in what Sherringtodn supposed about

" the value of teleoclogy, for although the organization of any individual

process in a spinal reflex is clearly-capsal; the combined organization
céhnot be expressed nonételeologically. Moreover, I don't believe
Nagel can avoid teleoclogy when.charaéterizing the purposive behavior
of a feedback mechanism. The concept of an 'adaptive variation'

'
refers 'back' to a primary variation, But also refers 'forward'

to the likely outcome of the former's interaction with the primary

variation, in so far as the notion is that the variation is truly

>
-

adaptive or truly compensatory. In other words, one does not simply

determine the number and kinds of steps in a causal feedbatk circuit,

. mem
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however many causal laws Sinderwhich each may be subsumed buf we make
a further assessment about the end to'which these events-are headlng.
we must assess what the system is attempting to do, to understand what
the system is doing. I am really not able to express the matter more
clearly, other'th&n‘to conclude that, in regard ﬁo the causgl analysis
of teleological systems, it too presupposes an, perhaps unspecified,
account, namely a teleological one. Teleology-and causality are thus
differeﬁt points of view of the same phenomenon, vet each is.dependent
upon the other and both are indispensa:ble., With causal énalysis;
reasoning_probee?s from cause to effeet, with teleological analvsis,
the logic gets reversed, prqceeding from effect to cause. The problem
then becomés one of demonstrating the validity of such reasoning from
effect to cause, which brings my conclusion to the subject of functional
explanation.

Teleological, ortfunctional, explanation ascribes a function
or purposeAto an item within a teleologicei system and argues from the
occurrence ofjthe function to the presence of some kind of item
functlonally characterlzed That is, functional explanation, properly
.characterlzed does not deduce the existence of particular items, but
' onlygxhat certain kinds of items are necessaiy to the recurrent or
functional behavior ebserved. Thus from blood-circulation is>deduced,
for‘example, the presence ofISOme form of pump;.féom reflex action is
deduced, for example, the presence of some @ediﬁm of communication.
If we know that a sysgsm is functioning adequately at a given time;
if @e know that it does so only if certain processes obtain; and if
we know that these processes are possible only if certain kinds of items
are present, then we can legitimately deduce that cer;ein kinds of,iteme

will be present. 1If this is all we know, then we must set about to
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aiscover what kind of item actually exists which functions as a
medium of communiqation, for example. Once the discovery is made,
thé fuﬁction of the actual item becomes known? and this is what is
meant by dete;miﬁing its significance: discovering how-the pait
causally contributes to the observed recurrent or teleological

s

behavior.

It might be challenged that Qith the discovéry‘of which items
are functionally significant goes the value of functionai e;planation:
therlatter is merely a dispensable hand-maiden to causal explanation:
That is, aIthoughifunqtional explanation indicates which items do what,
and this appears t;\differ from causal explanation, which shows how
which items do what they do, knowing-how gntails knowing;what, and
therefore teleoloéical ekplanation collapses into causal explanapion._
Conceivably, as the argument would continue, functional explanaticn
could befdispensed with entirely if we enjoyed a situation of perfect
(i.e. cbﬁplete) kﬁowledge of biologv. A rebuttal might be that, if
anatomical discoveries remain, and if physiclogy can lead us to them,
functional explanation is invaluable. On the othei‘haﬁd, it appears
to be true that once we discover tﬁe structures responsible for
particular causal netwarké in physiology, we secure a tyvpe of perfect
knowledge, at least relative to a particular problem. Functicnal explana-
tion does not add anything to our perfect knowledge of a given causai
process, and in principle, therefore, it én1ﬂecﬁ5pmmedwd£hAt most,, as
the argument would conclude, functional explan%tién is just a téol.for
obtaining knowledge, and for arriving at a point in our understanding

where causal explanation becomes poss;ble. It does not represent some

additional understanding above and beyond the understanding represented

in causal explanation.
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The argument has great force, but misses the mark. The

| :pzbblem with functional explanation concerﬁs whether
reasoning from effect to cause is legitimate. ﬁ-beiieve I have shown
that it is legitimate reasoning. Conceivably, no matter how complete
our knowledge of biology becomed,the bidlogisf will Qant to use
functional explanation to explicate the necessary conditions of a
given biological éysteﬁ, and point to the significant rolés of various
structures’ which produce the effect he observes. .Surely, it should be
up to the\biologist to decide‘how 2 biological problem is to be
approached, and we, as philosophers, should be satisfied having
determined ‘the logical soundness of anyv approach he takes. Functional

»

explanation is absolutely%indispensable as long as discoveries‘remain,
and as long as there is a bhysiological point of view.

To conclude, teléological organization is special by virtue
of the causality of the feedback mechanism which produces purposive

behavior. Special conceptﬁ'and categories, teleoclogical ones, are

needed tge

stand/tﬁézgignificance of anv causal interaction occurring

' * achieve nameable and observaple goals. These goals become a viewpoint

for analysis and explanation. Teleology cannot be redgqu‘to éausality,'
but the two are mutually dependent; together, they enabig biological
,organiiation to be explained sufficiently. Teleclogy is compat;ble

with materialism, the metaphysical aésumption of science: as a ‘
phenomenon, teleology is a special type of Cﬁgso—physical organization;
as‘explanation, it presgﬁposes that the organizatien, not the ‘causation,

is special, and proceeds from this assumption to explain the teleological

significancé, not the causation, of various- items and processes, causes,
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Physiology cannot part with teleology,
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WAS SHERRINGTON A MIND-BCDY DUALIST?
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In Chapter II , we explored three levels of integrétion,
first o;der motor coordination, second order motor coordination and
motor solidarity, all of which Sherrington explained in terms of.
his physiological theory of the iﬁtegrative‘%ction of the nervous
system. Sherrington pursﬁed the theory of integration further,
applving it to perception and the self, and to understanding the
relation bet&een mind and bodv. Psychical solidarity and psycho-
phyvsical solidarity aré, respectively, the fourth and fifth levels
of integration which Sherrington discussed and explained by means of
the iftegration theorv. I believe these levels of integration are
rooted in the phvsiological as well for Sherrington, although Sir
John Ecgeles has aégued that Sherrington subséribed'to Cartesian
dualism.

For Descartes, a human is a union between two distinct sorts

bstances: mind and bodv. The body is part of the mechanical

Stance, whose main attribute is tﬁought. The bodv's main attribute

is extension in space. The mind resided inside the body and.permeated
each part, thus making it sensitive to the body, égﬁ also enabling'
its controlling influence over the clock-work mechanism. The well-
known problem witﬁ Cartesian dualism is its failure to expiaip how
mind and body interact. If the mind is nomspatial how can it exist
anvwhere, let alone in one particlilar body and not in énother? And
-if sense can't be made of its location within locatable bodies, how
can it influence a body? In short, if the two kinds of substances

are absolutely distinct and share nothing in common, neither can

affect the other. ' Since humans evidently can be described in terms

-

.
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of mental anJthsical qualities, and since each can influ;nce the
state of the other, Cartesianism fails to explain the phenomenon‘of
humanAnature,~ On the'éther hand,dualism has theological appeal since
it enables the possibility of disembodied existence -- if mind is
ontologically distinect from body, it can exist without it -- which
is necessary if such theoloqicq£\2§$ioqs as 'heaven', 'purgatorv',
'trénsmigration of souls', 'reincarnation', etc. are to have any
meaning or use. I believe theological interests motivated Eccles
to in£erpfet Sherringteon as being a dualist, although I will try to
show that such a view is hot the'only'interpretation, and is not the
one supported by the facts.

.OIn a stvle whikh tells of his poetic imaginaticn, Sherrington
wrote:

"We turn to behaviour of a differnet kind, some sav
even of a different category of act. The field
of the psyche ist entered. An old adage has it that
to the trodden worm its own: trodden self is the
world's greateglhalf. That anthrcpomorphic worm
may typify ourselves tc us; the 'self' of each of
us goes far to epitomize the integration we are now
* to lock at. We can retain the_scheme of spatial
nervous arrangement we used before, this time, however,
not mutilating the central organ, but keeping the
animal -- the humgn animal if vou will -- intact.
The receptors at e starting-points of the nerve-
threads we find now to be, by conspiracy with the
psyche in the central organ, sense-organs. . The full
panel of the 'five-senses' is 1in session, and by
further collaboration with the psvche, a world of
subject and object for the individual is in being.
The individual has attained a psychical existence.
Phases and moods ©f mental life accrue. Each waking
day is a stage dominated for geood or ill, in comedy,
farce or tragedy, by a dramatis persona, the 'self'.
The continuity of its presence in time, seems hardly
broken by sleep, its inalienable 'interiority' in
{sensual) space, its consistency of view-point,
the privacy of its experience, combine to give it
status as a unique existence. Although multiple
aspects characterize it it has self-cohesion. It
regards itself as one, others treat it as one. It
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is addressed as one, by the name to which it answers.

The Law and the State schedule it as one. It and

they identify it with a body which is considered bv

it and them to belonag to it intecrally. In short,

unchallenged and unargued conviction assumes it to

" be one. The logic of arammar endorses this bv a

pronoun in the singular. All its diversity is merged

in oneness." (IANS, p. xiii-xiv)

The solidarity of one's soul, cne's ‘'self-cohesiont, is
not a matter of grammatical convention, nor of legal fiat; psvchical
solidarity fc¢o has its basis in the phvsiclogical. Sherrington
examined the basis of dependence in 1890, and his findings are also
reported in Lecture X where he discussed the relation between the
phvsiology of vision, and the psvcholoqgv of visual experience.
However, the core of his report draws attention to an apparent in-

w

difference of perceptual experience to its ohysiological basis. For

d

example, the psyche treats visual information received from two
mcnocuiar sources as one binocular field. The psyche "unc;nsciously
takes for granted that its seeing is done bv a cyclopean eve having
a center of rotation...midvertical of the férehead at the le§e1

of the root of the nose." (IANS, p. xiv) Motreover, if each eve

is illuminated qually and separately, the subject does not perceive
double. the brightnesé, rather, there is no perceptible difference
\E&:&gen the effet¥s of this condition and the effects of being informed

by either SEE;ce with both eves. BAgain, different colours perceived

separately by each eve are combined into one colour, On these findings
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Sherrington concluded: : i ‘ AN

"Conjunction in time withousd necessarily cerebral
conjunction in space is thus an element in the
unification of the mind. Simultaneity will of it-

self make a mental unitv. It is somewhat as if

two persons of similar makeup could pool their

separate psychical experiences into one." (IANS, p. xv)

This 1s an important conclusion that is perhaps the source,
or one source, of confﬁsion over She:rington”s conviction on the
metaph&sics of mind and body. The dispgrity betweeﬂ phvsiological
informa£ion that originates from spatially éistinct sources is
negated in regard to spatiality,quantity and guality, when that in-
formation is experienced by the percipient being. How the brain

overcomes the 'disparity is a mystery today, but Sherrington knew why

e

this capacity is a necessarv condition of perceptual experience.

"The well-known outline figures, often called equi-

vocal-figures, with which while we gaze at what

depicts for instance an overhanging eave the inter-

pretation suddenly changes to a set of ascending

steps, have the character of giving always wholly

either one thing or wholly the "other. The meaning

is never at the same time partly this and partly

that. Doubtless because to be so would be to have

no meaning. Psychical integration is immensely .

influenced by meaning." (IANS p. xv)

. : \

The brain's capacity to ignore 29% of the information it
receives renders order to perception and meaningfﬁl experience
possible. (Guyton, 609) It is important td stress that the brain
negates the disparity and not all of the information, and thus
percepts do evidence spatial propertieé such as loéation, size,
shape and weight, colour and so forth. Eccles interprets

this conclusion, and others, as a basis for metaphvsical dualism
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between mind and body. At most, however, the abéve conclusion may
embeilish our metaphysical kngwledge'that, for instance, certain
mental phenoﬁena, such as mental imagés, are 6rdered temporally and
occur sooner'or‘later_than each other and sooner or later than events
within full public view, but- that mental images are nonspatial;
although thev evidence sbme semblance of éolour, shape and size, mental
images cannct be subject %o physical chances, at least directly, as
genuinely spatial obﬁects can. The point is that one ‘can heed such

.

metaphysical truths, realizing that one's mental image of an orange

is safe from being quéréered and served, without sybscribing to
imponderabie dualism. Perhaps this difference between mental and
material Phenomena loomed too large in the‘mind of Eccles as ha perused
Sherrington, and is to blame for his—taking the disparity between
perceptual experience and its phyvsiological basis to be indicative

of a metaphvsical division between mind andAboﬁy.

Moreover, such disparity is not unique to psvchical solidarity,
but also characterizes motor coordination and its physiological basis
of integrative action. For example, the limb of a spinalndog treats
(i.e. responds to) sensory information received from two distinct
receptive sources in the same manner as it treats information that
impinges its FCP from a single source, i.e., the information, as‘
electric disturbance, is either threshold and causes a reflex response,
or is subthreshold and jssues in no reflex response; what matters, as
it wére, is whe:hg@?certain physiological conditions are met, not
how they'are met. In this respect, the effector organ, the limb, is

as indifferent to the disparity between physiological information

received from separate sources (of the same modality) as is the mind.
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Is the mind a kind of effecﬁor organ?

_ | Notwithstanding the physiological basié of psyvchical in-
tggration, the fourth levdl of integration can be described independently
of physiological considerations, as Sherrington has done. Given his = .
analytic/synthetic interest, Sher;ington speaks of a fifth or “final
integration™ that involves the integration of métor solidarity with -

psychical solidarity to form the solidarity of an individual animsl,

especially of a human. The final integration effects what may be

called "individual solidarity™. As with previous levels of integra-
tion,‘gnLZg is the central concept in 'final integration', even though
that which is integrated shows qualitative diversitv:

"There remains vet another tvpe of integration
which claims consideration, although to saddle
it wupon nerve may perhaps encounter protest.
Integration has been traced in two great, and
in some respects counterpart, svstems of the
organism. The physico~chemical (or for short
physical) produced a unified machine from what
without it would be merely a callection of com- X
mensal organs. The psvchical, creates from
psychical data a percipient, thinking and en-
deavouring mental individual. Though our
exposition kept these two systems and their
,ﬂéptegrations apart, they are largely comple-
mental and life brings them cooperatively .
gether at innumerable points. Not that the
physical is ever anything but phvsical, or the
psychical anything but psychical. The jermal
dichotomy c¢f the individual, however, which
our desenipiion practised for the sake-cf
analysis, results in antedacts such as are not
<n Nature. Each such is a quasi-organism which
does not resemble ourselves, nor does' it, pace
Descartes, resemble dog or cat. For our purpose
the two schematic members of the puppet pair
which our method segregated require to be in-
tegrated together. 'Not until this is done can
we have before us an approximately complete
creature of the kind we aze considering. This
integration can be thought of as the last and .
final integration." (IANS, P. xv-xvi; underlining
mine) ‘
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The above passage draws attention to the qualitative

difference between psvchicalrand physical _events but stresses ;heir

functional unity in organisns found in nature.
or linguistic, distinction bet®een mind A4nd body, distinction he
draws fréquentl§ and Mmost notably in the\Gifford ctyres (Man on
His Nature, 1940), has been interpretea;hy preyious Eommentatdrs to
mean further that mind and Sody are metaphvsically distinct entities
-—.in the ﬁanner of Cartesian dualism. With this assﬁmption,-a
controversy arose over the intention of the.dualistic language in
which the theory of final integration is cbucheé. The dispute is
whether, in using this langqage,'Sherrington intended poetry or
philosophy. Présumably seéking to save Sherrington from philosophic
~ruin, R. granit (1966) placed such great importance on Sherrington's
“poetic“ stvle in.the Gifford Lectﬁres that he was ﬁorced to conclude
that Sherrington is not the philosopher of the nervous system that
Leon Asher had perceived, reportedly in 1931. Ganit upset Sir Joh;1 Eccles
considerably, who sharply critized Ganit and others for failing to
carry on Sherrington's alleged qrusade against the mindless hordsof
materialistic monists. In his most recent book, Sherrington (1979,
‘coauthored by W.C. Gibson), Eccles asserts "The general theme of

Man on His Nature is tﬁe duéiism of man's nature, body and mind."
(151, manuscript). He further claims that Sherrington wanted to
revers; the "dominant climate of”opinion“, which ﬁaﬁoured material-
istic monism, "when he accepted the invitation to deliver the Gifford
iectures". (Ibid, 152). Moreover, throughout Sherringion, Eccles

hints that Sherrington's study of the nervoﬁs system was the driving

force behind his dualistic conception of man, a view which Eccles

<
i

1
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hiﬁéé}ﬁ.accepted until reinterpreting his own, and Sherrington's,

WO in terms of Karl Popper's theory of three worlds: matter, mind,

¥

’:?“’g;d culture. (Facing Reafily, Eccles 1970) . . .
. Although I agree with Eccles that Man on His Nazure is én

important mﬁlosqﬁﬁéél work, I do not agree with his view that
.Sherrington is a proponent oé dualism. The undésirable conseguences
of Eccles' view aré manifold. In the first place, Sherrington would

freéresept a reverse in the trehd set by scientific inguiry itself
toward materialistic monism, beginning almost as soon as dualism
received its clearefﬁjexpression four centuries ago in’ the work of
Déscartes. Second, since Ehe trend has grown, and ngt diminished,
in its acceptance among modern scientists and philosophers, Sherfing-

-

toﬁ's'theory of integration could not be the historical watershed
™ would.then have

\

‘ _ ESEEN . z -
it is thought to be (v. J.P. Swazey, 1969); the ¢onceptAen11ghtened
A

| ——

us in physioclogy only to return us tgldarker ages in philosophy.
Third, mate;ialistic monism lies at the very hear£ of scientific
inquiry; it is thé methodological presupposition af all science, and
certainly of neuropﬁysiqlogy. If the theo&y qf (final) integration
is dualistic it eontrad%pts the very method which, Eccles argues,
gives it its strongest support. Fourth, the theory of integration
would not only be unsupported by its methodological foundation, it
would be imponderable, ultimately. In my view, such consequences
would severely diminish SherringtOn'é landmark stature in the history

<

of ideas. For this reason, I will use the remainder of this appendix
to eﬁgﬁine some of Eccles' assertions more cl;sely.

I am unable to find a well-argued defence of the view that
Sherrington's theory of final integration is dualist; in SheradingZon,

Eccles simply punctuates long quotations used as evidence with snappy

2
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assertions. Eveh then, however, the evidence cited is often ambiguous,
and sometimes the assertions which ‘follow are“ﬁownrigh?;misleéding.

For example, Eccles quotes the following passage from Man on His Naetuxres:
AU ’ '~ )
"An act, from the point of view of mind, is a
- doing with a definite aim. It is integrated from
- parts and some stand nearer to the aim than
- others. If I have under the microscope an
‘object which I-want a friend to see, mv hands
. move the preparatiocn to brina the tinv object
. into the center of the microscope's field -of
SHwwview. I 2m seated; my head is stooped, one of my iy
eves is loocking through the microscope-tube, my other
is, by practise, sufficiently detached from the
. other's act to not be convergent with it, and T
' an unaware for the time being that it sees any-
thing. The fingers of both of myv hands are
tentatively pushing the glass-slide slightly
this way and that, with the 'purpose' to move
the object to the desired spot. I would regard
the search with my fingers as the focal part of
the integrated act. The sitting, the stooping,
the looking, althouch parts’ of the-act do not.
dominate it as does the search by the fingers.
The rest is backaround. B ’
- It is to
"~ the fecal act with.-the fingers that the mind
particularly attaches. Not to the fingers as such,
still less to the executant mechanism moving them,
. which is away up the arm. What the mind is con-
cerned with is not the act but the aim. It is
more aware of the finger-part than of the rest be- -
cause the fingers' stands nearest to the aim. The
rest is mental fringe, even submental. Finite mind
is like a moving focal peoint which wanders restrict~
edly within each of us, with an aim. Never at. any
time pervading much of us. At all times most of us
is impenetrable tc it. C(learly we must not suppose
'life’' and 'mind' are one and the same. The finité
life is a phenomenon accessible to sense; the -finite
mind is not." (Man con his Nature, p. 211-212)

2

o

4

Following the above, Eccles writes, "On this baéis he
(Sherrington) excludez recognizable mind from being an attr%?ute of
the countless activities of living organisms." (Sherrinqtén, P. -
164) Clearly, however,'Ecqles':assertion is not supported by the

passage just quoted. The passage draws attention to a difgenence
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in quafity. between pu;posiveacts~?which are sensible -- and mind
that focuses on the aim of such acts -- whose focusing is not within

-

the domain of public scrutiny. In contrast, Eccles' assertion is a

claim about the xelafion between an act and the attendant mind. To
claim that John i§_qualitative1y different from Sue is one assertion;

to say that Sue is not John's wife is quite another. One then expects

to find a clear statement from Sherrington in the passaqges fellowing

immediately from the above that would confirm Eccles' assertion. Yet
) ) ) L]
in these passages, Sherrington arques against dualism and in favour
of the view that mind is some sort of attribute of body! In his preérble
.f v - N -
to the passage gquoted below, Sherrington distinquishes between lower
forms of animals that evidence no recognizable miﬂd, and higher forms
that do on the basis of the occurrence of secondary nerve-lines linking
simple reflex—arcs together; he then states:
"It is the com1ng together of ‘these secondarv nerve-
lines, their interaction, the setting up of a
clearing house dealing wiph transmitted signals
and transmitting them to muscle, in short the
organizing an integrated motor. act, which con- -
tributes the earliest habitation, as Fernel wauld
have said, of mind. The integrated motor act even
when 1owlv contains earnest of mind. Hence comes
about the germ of our brain, whlch we may th}nk
<: " carries implication of our mind. (MOEN, p. 213)
Later Sherrington imagines mind as "germinating in the prim-
itive animal as an appurtenance to motoricity ..." (Ibid). Eccles
makes no effort to reconcile these statements of Sherrincton, which
are clearly contrarv to a dﬁalistic view of mind and body. An
appurtenence, or appendage belonging, to motoricity can hardly be

viewed as that which is ontologically distinct from motericity. Thus

mind is not a distinct substance for Sherrington as it was for Descartes.



151

>

In my view, Sherrington is trving to express a novel solution °*
to the mind-body problem with his theorv.of final integration, one that

is both séfsitive to the unique quality of mental phenomena and vet

attempts to explain the occurrence of mind with rgggsséée to the or-
. ganization of matter, i.e., mind is another propertv that emerges from
the integrative action of the nervous system. His clearesﬂé%ndcrsement

of my interpretation occurs in the very preface to his second edition

of Man on His Nazture.

"This edition has given opportqgity for a certain N
amount of revision as regards’ detail. The book stresses.
the view that man is a product, Iike so much else, of

the play of natural forces acting on the material and
under the conditions past and present obtaining on the
surface of our planet. If the book succeeds in drawing
sympathetic attention to this theme.in those who read

it, its pages will have handsomely rewarded one of the

T best hopes of its author."’ ’
-

The passage is dated April 1951, less than a vear before Sherrington's

dea?h. -

In fairness to EEcles, paft of the difficulty over inter-
preting the theory of final integration can bé-blamed on the language
Sherrington must use to express his thought. He wrote the Lectures

' for an éudience of laymen, non-scientists and non-philosophers, and as
Eccles observes, Sherrington repeatedly refe;s to himself as "the man
in the st;eetgpwho wants explanaticns that are non-technical and'use
ordinary language. Yet Eccles does not ailow his observation due
consideration. Ordinary language, the language of the man in the
street, is inﬂerently dualistic. Of all theories on the mind-body
problem dualism is the easiest to communicate in ordinary ianguage,

and indeed, it is even difficult to state the problem without scunding

like a dualist. The subject—predicate’logic of ordinary lanquage

v

‘
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entices the unwarv into subscribing to a substance-attribute metaphvsics,
which is the starting point for dualism. Consider for example the

grammatically well-formed sentence:
The table is broad.

"Table" is the subject and "broad" the predicate. A substance-attribute

e

metaphysician would offer further that the table is a substance and
broad is one of its attributes. e could examine the taglé and confirm
that it is in fact broad and that broadness, moreover, is one among
a:collection of attributes belonging to thé'fable. "A substange-attribute
metaphysics is conveniently parallel to the logical structure of ordinary
language, and it can manage the analvsis of‘spatially aistinct, or
compleﬁgf-substances such as the locafable objects we encounter in
evervday experience. But this language-based metaphvsics encounters
difficulty if we turn to analvze phenomena wherein time is a main
relation around which their propertie§ are organized. Processes with
properties which do not éxiét all at once, bpt wﬁich are disclosed

over a period of time, thap is, cannot be so analvzed. Ordinary
lénguage, however, 1f taken at face value, will mislead us into bhe-
lieving that processes are like objects. The following sentence is

as equally well-formed grammatically as the previous exanmple:

Digestion is painless.

Again, the subject is "digestion" and the predicate is "painless™.
Painless may be an attribute of digestion, but is digestion a substance
in the same way a table was thought to be? Clearly not. Digestioﬁ

cannot be left in a corner overnight, for example, and found to be

—
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unchanged and intact the foilowinq morning. Digestion is a complex
of attributes, as is a table, but these are never coinstantiated as
they are in a table; 'Digestion too caﬂ be obseréhd, but not all at
oﬁ;;} itfonly emerges as what it is over time. ‘ -

The ﬁoint is that if we relied on ordinary language for our
metaphysics, we would be misled inta believing that processes such as
'digestidh;-histo:§, migration ete. are complete ehtit;§§ we can expeét
to obseé&e direcﬁly, and all at once. This may appear to be an exag-
geration in the examples choseq: but it does appear to be the kind of
mistake in reasoning at work when thé nature of mind hés been'con—
templated by some. Body is obviously somet?ingfmore than any local
act involvinq.a limb, §;d’iikewise we uncritically suppose that attention,
perception, imagination and so on are merely local events happening to
a greater object we call "mind". Ye? the mind is more essentially a
process than is the boﬁy; bodily processes cah cease and there remains
something for the anatomist to examine, although little of interest
to the phvsioclogist, whereas when mental_processes-cease there is nothing
Jleft for the psychoiogist to explore. In this waﬁ, the mind is more >
like the process of digestion: when it ceases there may be left traces
of'its presence, but no object called digestion remains behind.

‘Finally, if we take duglism seriously, and truly believe that
mind and bodv are two absolutely distihct‘sorts of whatever, we remove
the uncritical basis for the belief that mind is like body, at least
to the extent that allows dualismrto get off the ground; i.e., to the
extent necessary to enable us to speak of a substance, or object,
called "mind", that, Eihé bodyv, is something more than a collection of

dispositions. - In short, if one takes ordinary language at face value,

i
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one runs the risk of conceptual bankruptcy.
No doubt a large part of Eccles' difficulty with interpreting

Sherrington stems from his own trouble with the concepts of mind and

life. In Facing Reality, Eccles wrltes, "Our comlnc to be is as myster-

ious as our ceasing to be at death.” The mystery is heightened by
a dualistic view of man,forwhmnmindsbecomeembodieda%:conception(?)
to form life, and disembodied at death. Sherrington strikes this.

reader as too modest to claim to have solved such a mystery; in his

.

foreward to the 1947 edition of the In{eg&dzive Action, he even s%ates
that our understanding of the mind-body problem is not improved since
Aristotle. fet i believe Sherrington is responsible for more than he
has admitted. His research and his theory of final integraticn lend .
scientific credence to the mpderﬁ view of mind and body and of life,

which view is expressed in this succinct passage from the philosopher

David Hull:
"There are not many trends discernible in science,
but one of them seems to be the shifting of kev scientific
concepts f£rom the category of things and substances
to the category of properties, especially relational
. and organizational properties. Life is no more a
thing 'than is time, space, gravity, or magnetism,
One might well add mind to this list. If life is
viewed as an organizational property of certain
material syvstems, then we do not have to worry about
where life came from when the first living creatures
arose from inanimate substances or where it goes when
a living creature dies, any more than we have to concern
. curselves with discovering where magnetism comes from
when an iron bar becomes magnetized or where it goes
when thebar becomes demagnetized. 1In short, we need
not postulate a magnetic heaven as the final resting
place for good.magnetic fields." (Philfosophy of the
BéoﬂogicagaSciencaé, 1973, p. 129)

I think that in conceiving the general theory of integration,
Sherrington tried to sHift the keyv scientific concebts of 'body'

and 'mind' away from the category of 'substances', and therefore in
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.2 direction away from dualism, and toward the category of organiza-.
tional proéértieg. In the first place, Sherrington waleOncerned to
understand the properties universal to animal behaviour. He wanted
to understand behaviour, which is a procesé; he was not content to

1

know anatomy. Given his physiological interests, 'behaviour', no?
'body' becomes the operative concept directing his scientific en-
deavour. . Moreover, bghéviour is explained, as we have witenssed, as .
-a phenomenon that necessarily emerges given‘a certain level -of
organizat}on in the nervous system. The cohcept of integrative action
explains behéviour as an organizational property of matter. .

Secondly, with each progression in levels of neurological

organization, the emergent behaviour becomes increasingly more complex

and sophisticated until mind and subjective experience emerge. Mind:

too is conceived as a process which can start the process of motoricity

as exemplified in the anticipatory reactions that are all imgortant
to the individual and to its species. Once our categories shift from
substances to processes that emerge as organizational properties oﬁ
"the material", the ultimate process, or integration, is seen to Be
that which achieves igdividual solidaritv. 'Yet, in asserting that
mind, and life, are organizétional properties of matter, one no more
denies the gqualitative differences between mind and brain, than one
denies the obvious differencé between, sav, first order reflex co-
or&ination and the neuronal circuitry that causes it. On pain of
sounding trite, if one wants to classify Sherrington on the question
of the mind-body relation, it would be best to classify him as being

neither a dualist nor a materialist, but as being an integrationist.

——
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