AN EXPLICATION OF THE PHYSIOLOGICAL
CONCEPT OF FUNCTION

Dissertation for the Degrea of Ph. D,
MICHIGAN STATE UNIVERSITY
THOMAS EUGERE WALLENMAIER
1973



‘Cb‘:gan State
mvcrsicy

This is to certify that the
thesis entitled
AN EXPLICATION OF THE PHYSIOLOGICAL
CONCEPT OF FUNCTION

presented by

Thomas Eugene Wallenmaier

has been accepted towards fulfillment
of the requirements for

Ph.D. degree in Philosophy

o763




ABSTRACT

AN EXPLICATION OF THE PHYSIOLOGICAL
CONCEPT OF FUNCTION

By

Thomas Eugene Wallenmaier

The concept of function, although central to physiology, is
both vague and ambiguous. The three principal meanings of 'function'
are: function --self-regulated process, function,--the mathematical
or logical concept of function, and function,--the teleological concept
of function. This dissertation provides a precise quantitative concept
of the physiological concept of functionl. The method of explication is
used to accomplish this. This consists in the clarification or analysis
of the pre-systematic term 'function' which produces an explicandum
concept. This explicandum is informally defined as a process having
an input, output, and transition function, and in which the output is
relatively steady, through a mechanism of active compensation. Then
the explicandum concept is reconstructed using a theory of variety,
whose mathematical structure is similar to that known as information
theory. The efficiency of a physiological system is defined as the
amount of throughput variety from disturbance to controller to pool,
divided by the throughput variety from disturbance to pool without a
controller. The amount of self-regulation or function, is then

defined as the efficiency times the throughput variety from disturbance
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to controller. Examples are given of physiological systems which fit
the explicatum; and doubtful cases of functionl are decided as either
self-regulating or not on the basis of the explicatum. The place of
function1 in the development of the science of physiology is also

discussed.
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CHAPTER ONE

THE METHOD OF EXPLICATION

Explication is a method of precise philosophical analysis.

Put most briefly, it consists in the replacing of a vague term with

a term that is less vaque, i.e., more exact. In the philosophy of

science it is most commonly used to clarify concepts that occur in
such philosophical problems as the analytic-synthetic distinction,
or the problem of induction.

The process of explication has three terms in it. These are
the pre-systematic term, the explicandum, and the explicatum. The
pre-systematic term is the starting point; it consists of some term
which is vague and/or ambiguous. From the various meanings or shades
of meaning attributed to the pre-systematic term, and for various
pragmatic reasons, a particular meaning is separated out and called
the 'explicandum.' Based on the meaning of the explicandum, a formal-
ized concept, called the 'explicatum,' is constructed. The exact
relationship between the pre-systematic term and the explicandum, and
between the explicandum and the explicatum, will be discussed later.
Moving from the first through the second to the third of these terms
will result in an explication that is much less vague, i.e., more

exact, than the pre-systematic term.




ITlustrations of explication are well known in contemporary
philosophy. The explication of 'analytic statement' by Rudolf Carnap
furnishes an example.! The notion of an analytic statement is variously
defined. Some definitions are: a statement whose opposite is incon-
ceivable, a statement that is necessarily true, a statement true solely
in virtue of the meaning of its terms, and, a statement true in all
possible worlds. Some philosophers question the defensibility of
separating statements into analytic and non-analytic (synthetic). They
question the analytic category and offer as evidence for their doubt the
existence of statements such as 'Whatever is red is extended' and claim
that one cannot decide whether this is an analytic statement or not.
Thus the term 'analytic statement' is somewhat problematic and in need
of explication. Carnap gave one explication of it in Meaning and
Necessity.

with all its variety of definitions. From these he separated out an

2 As the pre-systematic term he took 'analytic statement'

explicandum called 'L-true' meeting the condition that a sentence is
L-true in a semantical system S if and only if that sentence is true
in such a way that "its truth can be established on the basis of the

semantical rules of the S alone."® Then, basing himself on this

1Do not take the use of this example, or other examples of
Carnap, as an endorsement of his view on the nature of explication.
Although Carnap has contributed much to the method of explication,
I do not follow his viewpoint completely regarding the nature of
explication. His notion of explication is much broader than the
one used in this dissertation.

2Rudolf Carnap, Meaning and Necessity (Chicago: University
of Chicago Press, 1956), p. 7ff.

3Ibid., p. 10.




condition for the explicandum, he constructed a formalized concept of
L-true in terms of first-order predicate logic. An L-true sentence in
a system is defined in terms of that sentence holding in every state-
description in the system.* In this example, then, Carnap replaced
the vague term 'analytic' by the more exact term 'L-true' as defined
in terms of state-descriptions.

Another explication which will serve as an illustration is the

explication of 'probability' by Carnap. In Logical Foundations of

Probability,> Carnap takes the pre-systematic concept of probability,
which is vague and ambiguous, and separates out as an explicandum the
logical concept of probability, which he labels 'probability,.' He sets
down three conventions which characterize this explicandum. Then a
formalized definition of degree of confirmation, c*(h,e), is given in
terms of structure-descriptions in predicate logic. This illustration
again shows how an explication replaces a vague term by one less vague.

In order to describe an explication more fully, it will be
divided into two aspects. The first aspect is the clarificatory one,
the move from the pre-systematic term to the explicandum term. The
second is the constructive one, moving from the explicandum to the
explicatum. The first aspect, the selection of an explicandum, has
several characteristics which will be discussed in detail. The

second aspect, the selection of an explicatum, also has characteristics

“Ibid.

SRudo1f Carnap, Logical Foundations of Probability (Chicago:
University of Chicago Press, 1962).




which will be more fully discussed. Both aspects are essential for
any explication.®

Both aspects of an explication are centered around terms.
Terms, however, must be viewed as terms-cum-rules. A grouping of
consonants and vowels spelling 'probability' has no meaning unless
associated with some rules of usage, both syntactical and semantic.
Thus when we speak of a term being ambiguous we are referring to the
term with its rules of usage; and we are saying that there is more
than one set of rules of usage associated with the term, i.e., the
term is ambiguous. A term should be viewed as a vehicle to be used
according to rules. The expression 'term-rule' would more accurately
serve us here to bring out this fact.

Now let us examine in detail the clarificatory aspect of
explication, i.e., the move from a pre-systematic term to the selection

of an explicandum.

®There are a few philosophers (Michael Scriven, Gilbert Ryle,
and others) who do not feel the constructive aspect is essential to
an explication. Scriven, for example, distinguishes between 'content
analysis' and 'context analysis.' The content analysis or formal
analyst puts up a neat and simple model in symbolic logic of the state-
ments under consideration. Complementary to this is context analysis.
"Context analysis is undertaken in the belief that the meaning of terms
or concepts or logical problems can only be thoroughly understood if we
include a meticulous examination of the circumstances in which they
occur" (Michael Scriven, "Definitions, Explanations, and Theories" in
Minnesota Studies in Philosophy of Science, Vol. II, ed. by H. Feigl,
M. Scriven, and G. Maxwell (Minneapolis: University of Minnesota Press,
1958), p. 100). Problems of meaning analysis "can be solved only by
reference to detailed and varied examples described with considerable
care" (ibid., p. 101). In my opinion, much of the antipathy these
philosophers show toward the reconstructive aspect is due to a failure
on their part to realize and a failure on the part of those philosophers
who do use reconstructions to emphasize, the importance of the clarifica-
tion apsect.




The clarification eliminates ambiguity. A term is ambiguous
when it has two or more distinct meanings, i.e., semantic rules of
usage, associated with it. Thus 'pen' ma; mean a writing instrument
or an enclosure for animals. The set of distinct meanings constitutes
the ‘range of ambiguity' of the term. Thus 'analytic statement' has a
range of ambiguity consisting of all the distinct meanings associated
with the expression 'analytic statement.' Ideally, each meaning would
be associated with only one expression. To achieve this effect, some
authors use subscripts to distinguish term-rules. Thus Carnap saw that
the pre-systematic term 'probability' had a range of ambiguity con-
sisting of two distinct meanings and the first meaning, logical
probability, he associated with the expression 'probability,,' and
the second meaning, empirical probability, he associated with the
expression 'probability,.’

The pre-systematic term may also be vague, i.e., one cannot be
sure whether a given object is included in or is not included in the
extension of the term. Here it is not a question of two or more rules
applying, as with ambiguity, but rather it is a question of whether a
particular rule applies or not. 'Tall' is a vague term since one cannot
say whether a person whose height is 5 feet, 11 inches is tall or not.

In the clarificatory aspect, the range of ambiguity is estab-
lished, and one of the meanings is selected. This eliminates the
ambiguity of the pre-systematic term. Then an informal definition
is formulated. This is a statement of the rules of usage for the term
selected and this serves to eliminate some of the vagueness in that

particular meaning. This resulting term-rule is the explicandum.



In the clarification stage of explication, informal discourse
is used throughout. The pre-systematic term is in ordinary language
and the explicandum with its informal definition is phrased in informal
discourse. This is in contrast to the second stage, the constructive
one, where formal discourse comes into use, and the explicatum, the
goal of this stage, is put into some sort of canonical notation.

The explicandum then is a term which has associated with it
some list of characteristics or conditions which will act as a guide
to the formalized reconstruction which follows. This is the goal of
the clarificatory stage. What is the basis for deciding which meaning
from the range of ambiguity will be selected? And what form will the
preliminary definition take?

The selection of one particular meaning from the range of
ambiguity is based upon pragmatic considerations, especially the intent
of the explicator and the systematic context, i.e., the discipline or
specialty which the explicator selects. The person explicating may
have various reasons for selecting some particular meaning as expli-
candum such as practical relevance to some contemporary problem or a
feeling that this is the most important or often-used meaning. The
systematic context, on the other hand, provides a more objective basis
for deciding on an explicandum. Thus if the field of inductive logic
is chosen as the systematic context, then one can advance various
reasons which make the use of probability, consistent with the aims
of inductive logic. Once one has narrowed down the area of study to

a special field, then an examination of the literature of that field
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will guide one in formulating an informal definition of the explicandum.
Given a systematic context, the clarification will rest upon a descrip-
tion of facts concerning the actual usage of the term. A thorough
investigation must be conducted to accurately determine the meaning
used in the field; one must perform a careful examination of as much
source material as possible. Unfortunately, many philosophers do not
emphasize this clarificatory aspect of explication, with the result
that the final explicatum lacks relevance. "Too few case studies and
other factual inquiries are undertaken, to serve as a check of correct-
ness and as a stimulus to more profound and refined accounts concerning
concept-formation in science."’

The explicandum may and will deviate somewhat from the pre-
systematic term. The systematic context may tell us which of the
particular meanings in the range of ambiguity is actually used, but
within that particular meaning some or a lot of vagueness will exist
(else why explicate?) and thus no strict guidelines as to the informal
definition are present. The explicator may try to formulate a defini-
tion which will prove fruitful in its consequences, and simple in its
form, while remaining as faithful as is possible to accepted usage in
the field.

The explicandum, though a clarified version of the pre-
systematic term, still possesses some vagueness. There are some objects

of which we cannot say, on the basis of the explicandum's definition,

7P. H. Nidditch, ed., The Philosophy of Science (London:
Oxford University Press, 1968), p. 7.
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whether they are or are not cases of the explicandum. This deficiency
is due mainly to the fact that the explicandum's definition is framed
in informal discourse.

Having examined in detail the clarificatory aspect of expli-
cation, let us now examine the constructive aspect, i.e., the move from
the explicandum to the selection of an explicatum.

The second aspect of explication, the constructive aspect,
begins with the explicandum and its informal definition. The expli-
candum is extensionally vague. Either there are some objects which
could be said to be both an instance and not an instance of the
explicandum, or there are some objects which seem not to be instances
nor non-instances of the explicandum. By explicandum we mean the
explicandum-cum-rules, i.e., the explicandum and its associated informal
definition. More precisely, it is this informal definition which is
vague. And it is vague because of the informal discourse in which it
is framed. Thus if we replace the informal definition of the expli-
candum by a formalized definition we can eliminate this vagueness to
a great extent. This is the goal of the constructive stage of expli-
cation.

The explicatum, compared to the explicandum, is clear and
precise. Every individual is clearly either a member or not. This
is achieved by the formalized definition of the explicatum. This
process involves choosing a formalism which will be used in the
explicatum, e.g., mathematics, predicate logic, probability theory,
etc. The explicatum will then be introduced into this rigorously

connected system of concepts with rigorous semantic rules.



Which type of concept will provide the most precise explicatum?
If we consider 'precise’ to mean "being exactly that and neither more
nor less," or "being just that and no other"® (italics mine), we can
see that the more things we can separate something from the more precise
is our knowledge of that thing. By 'separate' we mean also 'relate' in
the sense of 'differentiate.' Now given any single concept, e.g., warm,
we can say that something is or is not warm. Thus some warm object
can be differentiated from only one class, the non-warm. Now with a
comparative concept we can say that an object x is warmer than an
object y. And given the transitivity of this ordinal ranking, we could
differentiate x from all the objects below y in warmth ranking. With a
quantitative concept of temperature, however, we can differentiate a
particular object from many others, i.e., by stating that an object is
20°C we know it is not 21°, or 2,000°, or 25.5°, or 26.6984°, etc. Thus
the constructed explicatum concept can be of three types, classificatory,
comparative, or quantitative. The classificatory concept classifies
into two or several mutually exclusive kinds. Comparative concepts
propose a comparison of two objects in the form of a statement that
asserts a rank ordering of the two objects without the use of numerical
values. A quantitative concept describes an object with the help of
numerical values. Now ideally the quantitative concept is the most
precise and thus most desirable. And assuming that the explicandum

can be formalized with such a concept, it would be the most desirable,

°J§ss Stein, ed., The Random House Dictionary of the English
Language (New York: Random House, 1966), p. T13T.
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although any of the three types which have precise rules of usage could
be used.

The explicatum is constructed with an eye on the informal
definition of the explicandum. But just what is the relationship
between the explicatum and the explicandum? The relationship is best
expressed in terms of a correspondence condition such as the one given
by Joseph Hanna. Hanna characterized this correspondence condition as
"requiring that the extension of the explicatum correspond (via an
effective translation) to the extension of the explicandum (to the
extent that the latter is clear and consistent)."® In other words,
there is an extensional correspondence of explicandum to explicatum
in all cases where the object is clearly in or not in the explicandum
class, and in those cases where it is not clear if some object is in
the explicandum class, then membership in the explicatum class decides
whether that object is in the explicandum class or not.

In summary then, an explication has two stages, the first
involving sorting out the various meanings of the pre-systematic term,
selecting one of these meanings, and giving it an informal definition.
This is the selection of the explicandum. The second stage involves
the construction of a formalized definition which will correspond to
the explicandum to the extent that the explicandum is complete and

consistent.

®Joseph Hanna, "An Explication of 'Explication,'" Philosophy
of Science, 35 (1968), p. 43.
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This above pattern of explication will be followed throughout

this dissertation. We have represented this below.

c —
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First, the pre-systematic term 'function,' which is both vague
and ambiguous, is analyzed into three principal meanings. In the con-
text of the science of physiology, we select function, and then give
an informal definition of it. Secondly, a formalized definition of
amount of self-regulation, S, is constructed in terms of the theory

of variety.
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The goal of an explication is to produce an explicatum. How
well this goal is achieved can be evaluated in terms of the adequacy
of the explicatum. Three criteria of adequacy for any explicatum are:
relevance, preciseness, and simplicity. Carl Hempel discusses the
first two of these when he characterizes explication as

a linguistic proposal which itself is neither true nor
false, but for which adequacy is claimed in two respects:
First in the sense that the explication provides a rea-
sonably close analysis of the commonly accepted meaning
of the explicandum--and this claim implies an empirical
assertion; and secondly in the sense that the explication
achieves a "rational reconstruction" of the explicandum,
i.e., that it provides, together perhaps with other
explications, a general conceptual framework which
permits a consistent and precise restatement and theo-
retical systematization of the contexts in which the
explicandum is used--and this claim implies at least

an assertion of a logical character.

The first criterion mentioned by Hempel, relevance, is more
complex than his description implies. First, the explicatum should
correspond to the explicandum and secondly, the explicandum should
reflect actual usage. But actual usage is vague and ambiguous; this
is why one explicates. Thus pragmatic decisions are made, especially
regarding which area of study is to be selected. This was earlier
called the 'systematic context.' Given this selection, then it becomes
an "empirical assertion" whether the explicandum does in fact provide
an analysis of that term in that context. The point that needs to be
stressed is that the explicatum cannot be relevant to rejected meanings

of the pre-systematic term. To claim that Tarski's explicatum for

®Carl Hempel, "Problems and Changes in the Empiricist Criterion
of Meaning," Revue Internationale de Philosophie, 11 (1950), 61.
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‘truth' is not relevant to all the everyday meanings of that term is

to neglect to consider the process of clarification which must occur

in an explication. On the other hand, to formulate an explicandum
which does not reflect actual usage in some designated area, or to
construct an explicatum which does not correspond to the explicandum

is to fail to meet the criterion of relevance. Relevance then includes
correspondence of explicatum to explicandum and an accurate reflection
of actual usage in some context.

The explicatum must be less vague than the explicandum. This
means that cases where it is not decidable whether an object belongs
to the explicandum class must be decidable in terms of the explicatum
class. Also, the explicatum should be defined in terms of some formal-
ized language. Finally, the explicatum should use as precise a type of
concept as possible.

The explications of 'function' which have appeared in the last
decade or two are woefully inadequate on the basis of these first two
criteria. First, they lack relevance. These explications of 'function'
are based on a small number of stereotyped statements, such as 'The
function of the heart is to pump blood.' The historical and linguistic
richness of the language of physiology, a thorough analysis of the
entire corpus of physiological literature, is ignored. In a word, the
clarification is not well done. Secondly, the explications do not pro-
vide a more precise substitute. Most are translations from ordinary
language to ordinary language. The logical formalism often involves
nothing more than the notion of a necessary condition. Thus the

constructive phase is also inadequate.
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In this dissertation we will try to redress the superficial
treatment found in explications of 'function.' Since the science of
physiology is universally defined as the study of functions in living
organisms, it stands to reason that the concept of function merits
more than superficial treatment.

The third criterion of adequacy is simplicity. The simplicity
of an explicatum refers to both the simplicity of the form of its
definition and the simplicity of the form of the laws which connect
it with other concepts. Simplicity is usually a secondary consideration
however. When the other two criteria are equally satisfied by a pair of
explicata then we would choose between the pair on the basis of simplic-
jty. What the simplicity criterion does rule out is unnecessary com-
plicated explicata.

In order to achieve an adequate explication of 'function,' we
will be dealing in the literature of the science of physiology and
discussing its models, theories, and empirical basis. To some readers
this dissertation may thus appear to be a treatise in physiology. Our
aim, however, is always to be performing an explication, a metascien-
tific inquiry. But an adequate job of explication, as we have mentioned
above, requires a thorough study of the language actually used by
physiologists. Even though it is metascience, an explication must
rely upon scientific work to emphasize the systematic context and to

do a thorough job of clarificatory meaning analysis.



CHAPTER TWO

CLARIFICATION OF 'FUNCTION'

Introduction

If one surveys the literature in the philosophy of science,
one can find under the heading of "the philosophical problem of function
in biology" a variety of problems being discussed. First of all, the
subject matter varies. Some authors discuss functional explanations,
others discuss functional statements, while others discuss the concept
of function itself. Secondly, the questions investigated in the subject
matter vary. Some investigate whether functional locutions (i.e.,
explanations, statements, or concepts) in biology are different from
the locutions of other branches of science. Some investigate whether
functional locutions are empirically verifiable. Others ask whether
functional locutions can be replaced by non-biological locutions. Still
others seek to analyze or explicate the meaning of functional locutions.
Thirdly, for each one of these questions, one can usually find more than
one solution given. One can see that any discussion of 'function' such
as this dissertation purports to provide must clearly state what subject
matter and problem is being treated. The purpose of this introduction
is to indicate that what we intend to discuss is the concept of function

as it occurs in one of the branches of the biological sciences, viz.,

15
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physiology. The problem we have set for ourselves is that of
explicating that concept, i.e., giving a precise expression of its
meaning.

The various attempts to explicate or analyze functional state-
ments and functional explanations have also, directly or indirectly,
involved some treatment of the concept of function itself. This
present dissertation however deals directly with the concept of func-
tion. This is not to deny that it could provide a basis for a treatment
of functional statements or functional explanations. However, when
functional statements and functional explanations are used as examples
in this dissertation, they are only examples to illustrate usages of
the concept of function itself.

Throughout this chapter we are going to deal with the clarifi-
catory aspect of our explication. The pre-systematic meanings of the
term 'function' will be discussed. Then, using the science of
physiology as our systematic context, we will analyze the meanings
of 'function' to determine which meaning is used by physiologists and
then this meaning will be expressed as an informal definition. This
definition will constitute our explicandum and the first phase of the
explication will be completed. The second phase, the construction of
a formal explicatum, will occur in Chapter Four.

A1l attempts to explicate or analyze functional locutions have
assumed that there is only one "correct" meaning for the term 'function.'
This assumption has led to much useless debate in discussions over the

problem of function in biology. It is not unusual for a term to have
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two or more distinctly different meanings; a search for the "one correct
meaning" may never be completed if the term has more than one correct
meaning at the outset.
It has repeatedly occurred in the history of science
that a vehement but futile controversy arose between the
proponents of two or more explicata who shared the erro-
neous belief that they had the same explicandum; when
finally it became clear that they meant different
explicanda, unfortunately designated by the same term,
and that the different explicata were hence compatible
and moreover were found to be equally fruitful scientific
concepts, the controversy evaporated into nothing.'®
The working scientist, in using the same term, e.g., 'function,'
may not always assume the same meaning for it each time he uses it. He
may alternate between various meanings, depending on the context. What
this chapter is trying to capture is that meaning of 'function' which
the physiologist assumes in the context of technical physiology. This
is what we mean by the "physiological" concept of function. We want to
describe the meaning assumed by the physiologist in the context of the
theroetical framework of scientific physiology.
The debate among earlier physicists concerning whether ‘'mv'
or 'mv?' was the correct formal expression or explicatum for 'quantity
of motion' ('vis viva') is a typical example of the futile controversy
that arises when men assume that a term can have only one meaning. In
fact the explicata, 'mv' and 'mv?' were found to correspond to two dif-
ferent explicanda, which we now call 'momentum' and 'kinetic energy'

respectively. Carnap also sees the same futile debate occurring in

'Rudol1f Carnap, Logical Foundations of Probability (Chicago:
University of Chicago Press, 1962), p. 26.
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regard to the concept of probability, i.e., debate over whether the
relative frequency view or the logical view is the correct explicatum
for 'probability.' Carnap emphasizes that both explicata are correct
because there are two distinct explicanda; each explicatum applies to
a different exp]icandlm however. Now with respect to the term 'func-
tion,' the same type of debate has been raging. Some argue for the
negative-feedback model, some for mental action or purpose, and some
for the concept of necessary condition. Each of the proponents is
assuming that there is only one correct meaning for 'function,' in
biology. What we would 1ike to show is that there are three possible
meanings for 'function' in biology, and more specifically, in
physiology.

At the present time the debate over the meaning of 'function'
seems to have come to a stalemate between two camps. On the one side
are the non-teleologists maintaining a hard-nosed empiricism. On their
view, 'function' means activity. The 'function of x' means what x does.
Molecular biologists, and experimental physiologists hold this position.
On the other hand there are the teleologists, who hold that 'function'
means something more than just what x does. Here we find philosophers
of science, more traditional philosophers, and some general biologists.
The surplus meaning of 'function' has been claimed to be: (1) the idea
of purpose; (2) the role played in the whole; (3) necessary condition;
or (4) usual condition. Here is an example from the first camp:

In planning the book presented here, the editors have

tried to find some unifying approach which would give a
common interest to these diverse ways of studying the

blood. The idea which seemed to provide most promise
was the idea of function. Though one hesitates to ask



e

“is

“fiere

.“
o

ae

-ch N



19

such a teleological question as "What is the blood for?"
it is perfectly legitimate to ask "What does the blood
do?" . . . If the idea of function were the predominant
one, then structural differences become less important,
since the same vital function can be adequately per-
formed by chemically different substances.?

According to this view, the legitimate physiological concept
of function is expressed by "What does x do?" Carl Hempel, and many
other philosophers, reject this meaning of 'function.' According to
these writers, accepting the above account of the meaning of 'function'
as "What x does" would force us to accept as true the statement that
"The heartbeat has the function of producing heart sounds; for the
heartbeat has that effect."® Hempel's claim is that no physiologist
would accept that last statement, and thus the physiologist must have
in mind a concept of function different from "What x does."

Thus we have the solutions to the problem of the meaning of
'function' in physiology split into two camps. On the one hand there
are those holding that the 'function of x' means what x does. On the
other hand are those holding that the 'function of x' means what x does
plus some surplus meaning. This latter camp is then divided by the
different explications of this surplus meaning.

We believe that the above dichotomy of the solutions to the
problem of 'function' results from an inaccurate analysis of function

locutions by both sides of the discussion. This over-simplified

dichotomy shows that physiologists, while experts at using the concept

2R. G. MacFarlane and A. H. T. Robb-Smith, eds., Functions of
the Blood (New York: Academic Press, 1961), p. vii.

3Carl Hempel, Aspects of Scientific Explanation (New York:
Free Press, 1965), p. 305.
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of function, are quite naive in their analysis of it. It also shows
that the philosophers of science are naive in assuming that 'function'
has only one meaning, i.e., the teleological one. For the physiologist
to give as the meaning of 'function' the very vague definition, "What

x does," and expect this to be the meaning of the most fundamental term
in a very exact science, i.e., physiology, is very naive. The science
of physiology requires a more precise concept of function, else how
distinguish physiology from embryology, or animal behavior, which also
study "What x does." In other words, the concept of function as "What
x does" is not adequate as a foundational concept for the science of
physiology. Also, the meanings of 'function' proposed by the philos-
ophers of science also include the notion of "What x does." The
'function of x' according to these men means something 1ike 'What

x does that has a purpose' or 'What x does that is a necessary condi-
tion for survival.' Thus to say that the first camp holds that 'func-
tion' means activity while the second camp holds that 'function' does
not mean activity is incorrect and misleading. The physiologists, who
claim that the 'function of x' means "What x does" are neglecting to
fully state their meaning of 'function.' It is what x does as x, i.e.,
the activity proper to x that is the function. How one decides the
activities that are proper to x is of course an empirical question,

but these activities must be such that over a length of time x is still
recognizable as x, i.e., x maintains itself. Thus, upon closer analysis,
we see that all the schools of thought debating the question of the

meaning of 'function' are similar in that the 'function of x' means
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"What x does" plus some surplus meaning. The real debate arises when

it comes to explicating this surplus meaning.

A Survey of the Usages of 'Function’

This section provides a survey of the various meanings of the
term 'function.' By a judicious selection of illustrations, the three
principal meanings of 'function' in ordinary language will be estab-
lished. Then, by an examination of the scientific language of phys-
jology, the principal meaning of 'function' in physiology will be
established. Two other less common physiological meanings will also
be shown. In this way the range of ambiguity of the term 'function'’
will be clearly set forth.

It is important to note the influence that everyday language

has had on technical scientific language. From a linguistic viewpoint,

scientific language represents a correction of some of the "objection-

able" features of everyday language such as vagueness and ambiguity.

A11 men come to the scientific enterprise with a
highly elaborated system for ordering events and percep-
tions. As adult human beings they have acquired an in-
grained way of looking at the world--a cultural patterning
of the environment which all of us use as the basic frame-
work for making statements about the world of objects and
events. This archaic view of the world, a protopsychology
and protophilosophy, is the initial source of statements
and generalizations in science. It does not magically
disappear in the laboratory or in the library. The
scientist does not approach his scientific universe in
a linguistic vacuum, and for this reason the usefulness
of the vernacular vocabulary for scientific activity
must be examined."

“George Mandler and William Kessen, The Language of Psychology

(New York: John Wiley & Sons, 1959), p. 9.
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Thus we can conclude that the everyday meanings of 'function'
should have some relationship to the scientific meanings. One of the
purposes of this section is to show this relationship. In particular
it will be seen that just as there are three principal meanings of
'function' in ordinary language, so these three meanings have their
correlates in the scientific language, and that the primary meaning
in ordinary language corresponds to the primary meaning in physiology.
Also, a teleological interpretation of 'function' is found in both

the ordinary and scientific language.

Pre-Scientific Usages

The earliest usages of the English word 'function' reveal that
the meaning was restricted to persons who had some administrative
position to fulfill. The following excerpt, dated 1533, exemplifies
this: "because the sayntes be al departed hence . . . and be no lenger
of our funccion."5 The context states that a certain man wanted to pray
to living persons rather than dead saints because these living persons
have the same 'funccion,' i.e., activity, as we do, whereas the saints,
as dead, do not have this activity. In 1574 we find, "The contraveners
hereof, if they be ministers, to be secludit fra the function."® Thus
in its original meaning, 'function' meant "The kind of action proper
to a person as belonging to a particular class, esp. to the holder of

any office; hence, the office itself."’

Soxford English Dictionary, Vol. IV (Oxford: Oxford University
Press, 1933), p. 602.
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A modern dictionary definition of the noun 'function' is given
as "the kind of action or activity proper to a person, thing, or
institution."® Thus we say, 'The chief tunction of a king is to rule
his people' or 'The function of that wooden object is to steer the
ship.' In both sentences one is referring to the activity and the
object or entity exhibiting that activity or capable of exhibiting that
activity. A function in this sense is thus first of all an action or
activity of a certain kind. Secondly, this activity is "proper" to
some entity, i.e., some particular type of entity. It is expected of
some entity, e, that it exhibit activity ag. Or perhaps all occurrences
of e were followed by ags or again, e may have been designed to perform
activity a,. The entity e can be of any sort--human, animal, plant, or
institution; in a word, any recognizable structure. What we have in
this sense then is some entity or structure, e, which exhibits an
activity, ags proper to its kind. The verb 'function' correspondingly
means "to perform a specified action or activity."®

A second sense of the noun 'function' is given as "a factor
related to or dependent upon other factors."! Here one is not talking
about an activity but a relationship between "factors." Thus we say,
‘Price is a function of supply and demand.' Since "related to or
dependent upon" is such a vague expression, the detailed applications

of this meaning of 'function,' i.e., its detailed meanings, are manifold.

8Jess Stein, ed., The Random House Dictionary of the English
Language (New York: Random House, 1966), p. 574.

*Ibid.
®Ibid.
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If the relation is that of causation, for example, then 'Suicide rate
is a function of the amount of social cohesion in a society' means
'Suicide rate is an effect of the amount of social cohesion in a
society.' This is equivalent, of course, to 'A change in the amount
of social cohesion in a society causes a change in the suicide rate.'
If the relation is one of correlation rather than causation there is
a corresponding change in the detailed meaning of this sense of
'function.'

There is a third group of meanings given to 'function.'
Another dictionary, gives us a definition of 'function' as "special
purpose."!  Another related meaning of 'function' is given as "One
of a group of related actions contributing to a larger action."!?

Now there is a somewhat subtle difference between these last two
definitions. The former defines a function as a purpose while the
latter defines a function as an activity which has a purpose. This
latter definition thereby combines both the meaning of our first
definition of 'function,' i.e., special activity, and this third
meaning, i.e., purpose.

Thus, while there is vagueness and ambiguity in ordinary usages
of 'function,' three definitions seem to be distinguishable.

1. Function as special activity;
2. Function as a co-variation;

3. Function as a purpose or contribution to the whole.

UThe New Merriam-Webster Pocket Dictionary (New York: G. & C.
Merriam Co., 1971}, p. 204.

2p. B. Grove, ed., Webster's Third New International Dictionary
(Springfield, Mass.: G. & C. Merriam Co., 1965), p. 921.
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Scientific Usages

Now let us examine examples of the meaning of 'function' in
physiology. Among these are some examples of 'function' as referring
to a self-regulated biochemical process. This we will call 'function,.
This concept of functionl is the most important one, from a semantical
and a methodological point of view for the science of physiology. We
will then give illustrations of two other concepts which occasionally
occur in the literature of physiology. These two concepts will illus-
trate the meanings we do not wish to attribute to the term 'function.'
These two other concepts are called 'functionz' and 'functiona.'
Function, is the concept of a process that is dependent upon or which
varies with some other factor; y is a function of x. Function, refers
to a process which serves some utility or usefulness, i.e., is a neces-
sary condition for the survival of the organism.

The best illustrations of function, are the so-called vital
functions, e.g., circulation, digestion, excretion, reproduction, and
respiration. It is with this meaning in mind that biologists and
physiologists can say "Life . . . depends on the regular, reliable
performance of certain functions."!® The biologist speaking in this
quote is referring to the above-mentioned vital functions. Notice too
that in 1iving organisms these functions must be performed in a regular
and reliable way. These functions must be regulated or controlled so
that in spite of environmental vagaries, the activities will be

maintained.

BGarrett Hardin, Biology, Its Principles and Implications
(San Francisco: W, H. Freeman, 1966), p. 50.
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A modern physiology textbook has the title Animal Function:

Principles and Adaptations.’ In the preface of this textbook the

authors state their purpose as that of describing the "functional
features of whole organisms."!® They state that "The organization of
this book emphasizes physiological process."!® One biologist summarized
the contemporary field by saying that "major emphasis recently has been
centered about the relation of detailed molecular structure to biolog-
ical function."' Often, anatomical parts are considered as the "seats"
of the functions. Thus we have expressions like 'kidney function.'
"The way the kidney works is described clearly and explicitly in this
book--a story of vertebrate evolution and adaptation seen through kidney
function."!® The way the kidney works is described in the next para-
graph following the above quote, and concludes by saying that "Through
mechanisms of filtration and reabsorption, the balance of the internal
environment is maintained."!

Now when contemporary physiologists speak of the activities in

a living organism they are not referring to the overt behavior as

“Malcolm Gordon et al., Animal Function: Principles and
Adaptations (London: MacMillan, 1368).

5Ibid., p. v.
BIbid., p. vi.

PTalbot H. Waterman, “"Coda," in Theoretical and Mathematical
Biology, ed. by Talbot H. Waterman and Harold J. Morowitz (New York:
Elaisgell Publishing Co., 1965), p. 399.

BEvelyn Shaw, "Foreword" in Homer W. Smith, From Fish to
Philosopher (Garden City, N.Y.: Doubleday & Co., 1961), p. xi.

BIbid.
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studied for example by ethologists. One author states "However, as

the skin of an amphibian is permeable to water, water loss becomes a
critical problem that restricts amphibian activity and physiology."?
Here the external behavior of the frog is distinguished from its
internal processes. A similar distinction is found in the following
excerpt: "Those leptodactylids that have evolved in the frog vacuum

of Australia have radiated into such a variety of morphological,
behavioral, and physiological types, that as expected, some forms

do tolerate colder conditions, though few tolerate severe conditions."?
The "physiological types" refers to types of internal processes and they
are contrasted with morphological and behavioral types. Another author
makes a further distinction: "Little is known of the behavior, phys-
jology, or ecology of these forms, except for some observations on
reproduction." %

Since the activities or processes of physiology are not behav-
joral, i.e., properties of whole organisms, of what are they properties?
We would 1ike to show that they are properties of chemical substances,
that physiological processes, i.e., functions,, are biochemical
processes. "Physiology . . . must go deeper and deeper into the

physical and chemical phenomena which in their integration make up

2B, H. Brattstrom, "Amphibia," in Comparative Physiology of
Thermoregulation, Vol. I, ed. by G. C. Whittow (New York: Academic
Press, 1970), p. 135.

21bid., p. 141.

21bid.
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the vital processes."? In an article entitled "The Physiology of the
Cell Nucleus," the author states, "We have a rough outline of the
chemical composition of the nucleus and can attempt realistically
to assign physiological activities to known chemical fractions."?
We can see, then, that the meaning of function, refers to biochemical
processes and is contrasted with behavioral activities.
The functions of living organisms especially in higher animals
are interrelated. Walter Cannon put it this way:
Investigators of the functions of higher organisms
are concerned with extremely complicated processes. Not
only are there complex interrelations among the processes
participating in the 1ife of these organisms but also the
organisms themselves are responsive to external conditions
imposed upon them, conditions which may further confuse
the total situation.®
An earlier quotation was used to refer to the "integration of
functions" by means of the nervous and endocrine systems. This provides
a flow of communication between the functions or physiological processes.
One last characteristic of physiological processes is their
self-regulation. We said earlier that "Life . . . depends on the

regular, reliable performance of certain functions."® The functions

3E, S. G. Barron, ed., Modern Trends in Physiology and Bio-
chemistry (New York: Academic Press, 1952), p. vii.

#Daniel Mazia, "Physiology of the Cell Nucleus," in Barron,
op. cit., p. 118.

3Walter B. Cannon, The Way of An Investigator (New York:
Hafner Publishing Co., 1945), p. 129.

%Hardin, op. cit., p. 50.
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in living beings must perform with regularity. E. F. Adolph, who has
spent most of his 1life studying physiological regulation, says, "In

the body, hundreds of thousands of processes are automatically reg-
ulated. . . . In every organ, such as kidneys, hundreds of unit
processes are regulated also. . . . In every cell, hundreds of separable
processes are regulated."® Thus physiology studies these self-
regulated processes, and thus the 'functions' studied by physiology,
i.e., functionsl, have as one of their characteristics that they follow
a pattern of self-regulation. The details of this pattern of self-
regulation will be given later. The general pattern used is also termed
"goal-directed," e.g., maintenance of a particular amount of blood
pressure is a "goal" which the process of circulation achieves, using
various mechanisms.

We have tried to bring out as sharply as possible the concept
of function ; it is a self-regulated biochemical process which is
interrelated with other similar processes in the living organism. It
is on the basis of this concept that 'physiological' is sometimes used
analogically, i.e., meaning living, in vivo, or metabolic. Thus we find
the statement made that "As far as we can tell, these Km values may be
as much as 100 times higher than probable physiological concentrations,
and hence do not even approximate the in vivo condition at low temper-

ature."?® The 'physiological concentration' is the one found in vivo.

ZE. F. Adolph, Origins of Physiological Regulations (New York:
Academic Press, 1968), p. g

2F, E. J. Fry and P. W. Hochachka, "Fish" in Whittow, op. cit.,
Vol. I, p. 120.
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'Physiological' can thus be used analogically for "living." The
following quotation implies that physiological death is complete death,
i.e., when life is completely stopped. "lMost workers have distinguished
between an ecological or behavioral death point, where recovery is
possible after locomotor failure (onset of spasms, elimination of
righting response), and physiological death, beyond which recovery

is impossible (lethal temperature)."?® Thus a "physiological" death

is that case where recovery, i.e., regulation, has ceased; the idea of
regulation is the key aspect being used in this concept of death. Thus
there are analogical usages which cluster around the principal meaning
of function,: a regulated biochemical process in 1iving organisms.

Having given some positive examples of function, we would like
now to introduce two other meanings of 'function,' neither of which are
the important physiological ones.

Sometimes in the writings of physiologists one finds statements
such as "the unidirectional influx of cholesterol is plotted as a func-
tion of cholesterol concentration in Figure 2."%° Or again, "In devel-
oping this method we have studied the distribution of CO between blood

and muscle as a function of arterial oxygen tensions in the anesthetized

BBrattstrom, op. cit., p. 147.

®S. G. Schultz and C. K. Strecher, "Cholesterol and Bile Salt
Influxes Across Brush Border of Rabbit Jejunum," American Journal of

Physiology, CCXX (1971), 61.
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dog."3! One author speaks of the "autocorrelation function" using
'function' in this mathematical sense.®

These illustrations are expressions of the concept of function,
and are based upon its principal meaning found in the mathematical
concept of function. In mathematics, the term 'function' is defined
as any relation between two classes of elements such that for every
member of one of the classes there is a uniquely determined member of
the other class. In 'y=x2,' 'y' is a function of 'x' since for every
value of the "independent" variable, 'x,' there is one and only one
value for the "dependent" variable 'y.' In a non-mathematical fashion
this same concept of function is used analogously to mean any relation
of dependence or interdependence between two or more variable factors,
whether or not these factors are measurable.

This concept of function, is not the one we intend to explicate.
It is not a peculiarly physiological concept; this concept of function
is used throughout most of the natural science. Its occurrence is
easily recognizable and it is not difficult to distinguish it from the
other concepts of function. We are not of course claiming that this
concept is of little value in the sciences. Neither are we claiming
that there are no analogies between function, and other concepts of

function.

S11bid., p. 66.

%2Yona Mahler and Schlomo Rogel, "Computer Analysis of Myocardial
Tension and Pressure Variations in Atrial Fibrillation," Journal of
Applied Physiology, XXIX (1970), 77.
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The third principal meaning of 'function,' the teleological
concept, is also one that we are not considering as a desired expli-
candum. This concept of function, is also the one almost universally
dealt with in explications of 'function' by philosophers of science.

A pre-occupation with this concept of function by philosophers of
science is the chief cause of the current irrelevance of philosophy
of biology to the science of biology.

Very rarely in the technical journals of physiology one finds
statements such as "The significance of these reactions in sperm is
not known. It is possible that they are important in the testes or
male ducts, and have no function after ejaculation."3®® This is ' func-
tion' meaning significance for the whole or role played in the whole.
"In considering the role of the nucleus in the nondividing cell, it
was a problem to discover whether it had any function at all."** If
one reads the less technical literature of physiology and biology,
e.g., introductory textbooks, one finds more illustrations of the use
of function,. Garrett Hardin, for example, states that "the function
of the blood vessels [in the small intestine] will be considered first."3%
Then follows the statement that amino acids and simple sugars pass
through the villi and into blood vessels, where they are carried

throughout the body.

3R, R. Hathaway and E. M. Chamberlain, Jr., "Bull Seminal Plasma
and the Regulation of 17 g-Estradiol Dehydrogenase Activity in Spermato-
zo0a," Biology of Reproduction, II (1970), 164.

¥Mazia, op. cit., p. 109.
*Hardin, op. cit., p. 485.
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The concept of purpose is sometimes given as the meaning of
'function.' By 'purpose’ we are referring to the conscious goals of
human beings, which goals influence the behavior of the human beings
that entertain them. Thus when a college student takes a certain
curriculum as an undergraduate in order to prepare himself for medical
school, we say he has a purpose to what he is doing. His entrance into
medical school is the purpose; what he is doing has a purpose.

Most of what is called 'teleology,' and has gone under that
label during the centuries since Aristotle, belongs to this concept.
Actually, teleology in the Aristotelian sense is a cosmic principle.
By 'teleology' is meant the philosophical doctrine that all things in
the universe act for some end or purpose. This view characterizes
processes as being “purposeful" behavior. Nature is imagined as a
mother who skillfully guides the activities of the universe according
to her purposes. Imagine the consciousness in mother nature and you
have teleology. Part of this notion includes the aspect of "good,"
i.e., everything in the universe serves some good.

When one speaks of 'the function of a saw' one is referring
to the concept of purpose. What we mean is the purpose in the mind
of the maker for the saw. Living phenomena were, of course, at one
time considered solely as contrivances made by a divine creator, or
“Nature" viewed as an artist or craftsman and the 'function' of the
organism or the 'function' of a part of an organism meant the purpbse
of that organism or part in the mind of the creator. This concept was

best exemplified by Paley's Natural Theology, published in 1802 in
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London. In this work, the purposefulness of each part of various
organisms was used to demonstrate the existence of a divine creator.

In earlier centuries, under the Greek world-view in which the
universe was considered a macrocosm of man, men often spoke of the
function of some item, referring to that item as a means to some end.
This was the common way of speaking. However, we can also find the
concept of function, used in earlier centuries, and it is these usages
that would constitute the history of the science of physiology, phys-
jology being defined in terms of descriptions of function, .

That function, is not the primary meaning used by modern
physiologists is quite easy to establish from their testimony. Indeed,
by an analysis of their technical writing we can show that they use the
concept of function,, and thus not "purpose," which is a form of func-
tion,. Nagel has put the matter this way:

Most contemporary biologists certainly do not impute

purposes to the organic parts of living things whose
functions are investigated; most of them would probably’
also deny that the means-end relationships discovered in
the organization of 1living creatures are the products of
some deliberate plan on the part of a purposeful agent,
whether divine or in some other manner supranatural. To
be sure, there are biologists who postulate psychic states
as concomitants and even as directive forces of all
organic behavior. But such biologists are in a minority;
and they usually support their views by special consid-
erations that can be distinguished from the facts of
functional or teleological dependencies which most
biologists do not hesitate to accept.?®

Although the concept of purpose is not explicitly espoused

by scientists today to explain living phenomena, the concept of

%Ernest Nagel, The Structure of Science (New York: Harcourt,
Brace and World, 1961), p. 402.
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purposefulness or purposiveness is used by some biologists of
outstanding reputation. Is this a case where function3 is used in
physiology? We would like to show that 'purposefulness' and 'purposive-
ness' are actually instances of the concept of function,.

Edmund W. Sinnott has written more than any other modern
biologist on the concept of purposefulness. An examination of his
views will show that he is attempting to reduce the concept of conscious
purpose to the concept of a regulated physiological process, i.e.,
function,. Since from the framework of scientific physiology the
concept of purpose is superfluous, the scientifically usable part of
purposefulness is the concept of function, which underlies it. In his

book, The Biology of the Spirit, Sinnott is trying to argue "That the

insistent tendency among 1iving things for bodily development to reach
and maintain, as a norm or goal, an organized 1iving system of a
definite kind, and the equally persistent directiveness or goal-seeking
that is the essential feature of behavior, and thus finally the basis
of all mental activity, are fundamentally the same thing, merely two

aspects of the basic regulatory character all living stuff displays."¥

Sinnott is equating conscious or mental purpose with a physiological
process, functionl. He is making purposefulness derivative from self-
regulation.

But Sinnott is also analyzing self-regulation from the view-

point of conscious purpose. Here he puts the wrong emphasis on

S7Edmund W. Sinnott, The Biology of the Spirit (New York:
Viking Press, 1955), p. 52. '
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regulation, i.e., he emphasizes the goal of the process. He views it

in terms of a means-end nexus. "Regulation implies something to regu-
late to, a norm or goal."*® This connotes the concept of purpose.

What we hope to show by our explication of 'function' is that regulation
implies disturbances to regulate from, i.e., disturbances with respect
to which a system is regulated. This concept of function, will then

be reconstructed in terms of amount of variety that can be regulated,
thus providing a quantitative concept of regulation, and hence of
function. In other words, the concept of a goal-directed process will
be explicated in terms of the concept of self-regulation.

We have been endeavoring to show that in the usages of physi-
ologists there are three principal concepts of function. Function ,
the concept of a self-regulated process, is the major concept used by
physiologists. Function,, the mathematical concept of function, is
sometimes used by physiologists, but also by other branches of science.
Functiona, the teleological concept of function, is rarely used by
physiologists; when they do analyze this concept they seem to reduce
it to function,, a self-regulated process.

What the survey of usage throughout this section has established
is that in both ordinary language and scientific language ther; are
three principal meanings of the term 'function.' Also we have given
some evidence that in the science of physiology, the primary concept

used is function,, i.e., a self-regulated process. A later part of

®Ibid.
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this chapter will substantiate that claim by a detailed study of the
writings of important physiologists.

An Analysis of the Usages of 'Function’

This section provides a detailed analysis of the scientific
usages of 'function.' We hope to throw the concept of function into
clearer light by differentiating it from the other two concepts of
function. The one presupposition of our analysis (and of this entire
clarification) consists in our choice of a systematic context. We have
chosen the contemporary science of physiology as the field in which,
and only in which, we are dealing. The concept of function that we
endeavor to clarify is that concept used by current scientific physi-
ologists. Now if we assume that current scientific physiologists choose
concepts on the basis of their systematic, quantitative, and experimen-
tal efficacy, then the concept of function that we endeavor to clarify
here will also have these values. What we would 1ike to emphasize is
that we are not making a physiological analysis but rather a meta-
physiological analysis. Our analysis is in the nature of a logical

or semantical activity.

The Categorial Domain

We have seen in the previous section the variety of meanings
associated ynder the heading of 'function.' Now a preliminary step
in the clarification of a concept is the determination of the categorial
domain, i.e., the determination of the type of entities to which the
physiological term 'function' applies.
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Traditionally, physiology has been contrasted with anatomy;
the former studying functions, the latter studying structures or
morphology.

Thirdly the name ['function'] seems to be used as a

name for all the processes ordinarily said to be 'going
on in an organ.' This seems to be what is meant when we
speak, for example, of the functioning of the kidney, or
of renal function. This is what physiologists usually
study when they are said to be studying the physiology
of the kidney. . . . It is with the third meaning that
we shall here be concerned since it is function in this
sense that is usually contrasted with structure.?®

Woodger then points out that physiology, studying functions,
i.e., processes, studies them as spatio-temporal events; anatomy however
abstracts from the temporal aspect and treats only spatial aspects,
e.g., the structure of the heart and circulatory system. We must
realize that "the concrete organism is a spatio-temporal structure
and that this spatio-temporal structure is the activity itself."*

We can conclude then that the entities studied by physiology are in
the category of "processes," i.e., spatio-temporal structures.

The statements of other physiologists will support this analysis
of the categorical domain of 'function.'

A well-known physiologist once spoke of ". . . the campaign of
nyl

general physiology to discover the workings of the cell, . . .

Thus what physiology studies are "workings." To clarify this let us

¥J. H. Woodger, Biological Principles (London: Routledge &
Kegan Paul, 1967), pp. 327-28.
“Ibid., p. 330.

“Mazia, op. cit., p. 77.
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refer to an article entitled "Catecholamine Functions." The author
gives an explicit statement of what sort of things functions are.

A dictionary will define function as special activity

or purpose. In these pages purposes will be passed over
in silence. Thus the discussion will be limited to
special activities of the three amines. Established
functions or special activities of the catecholamines
(CA) are legion, but they will be discussed only with
respect to their possible effects on the mechanical
activity of smooth muscles."?

Thus we see that functions or "workings" are "special activ-
ities." Another biologist entitled a section of his textbook: "The
Integration of Functions." What sort of things are these functions
that are integrated? The sentence following the above heading states,
"The integration of the activities of the various parts of the animal
body is brought about by two systems: the nervous system and the
endocrine system."** Thus functions are activities. We see again
that the categorial domain is composed of what are generally called
‘activities' or 'processes.' Thus when an author says "Let us now
proceed to the other phase of kidney function: the secretion, or
reabsorption, of substances-- . . ."** it is quite easy to see that
secretion or reabsorption of substances are activities or processes.

In another sense of 'function,' as in 'The function of a saw
is to cut wood,' or 'The function of the handle is to provide a con-

venient method for carrying,' the categorial domain would be conscious

23, Axelsson, "Catecholamine Functions," Annual Review of
Physiology, XXXIII (1971), p. 1.

“Hardin, op. cit., p. 517.
“Ibid., p. 569.
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intentions or purposes. Since conscious intentions or purposes are
found only in beings with a rational faculty and physiology studies
beings most of which do not have rational taculties, physiology
obviously does not study functions in this sense. One might say that
there was an intention in the mind of a divine creator for each func-
tion. Physiology, however, does not study the mind of the divine
creator; it studies types of living organisms. Thus in no physiological
usage does 'function' refer to entities of an intentional sort.

Some authors, attempting to salvage some empirical content from
the idea of conscious purpose, have claimed that teleological locutions
in biology signify a "means-end nexus."*®* Or, put in another way, the
function of some part refers to a utility of that part. Unfortunately,
just what sort of entities "means-end nexus" or "utilities" belong to is
highly problematic. They could be referring to conscious purposes; in
this case the previous comments would apply to them, i.e., physiology
does not study conscious purposes. Or they could be referring to the
relationship between parts of a scientific explanation or model, i.e.,
a certain symbol or expression or locution is part of a larger system
of symbols, expressions, or locutions. However, if this is the case,
we must say that physiology studies systems of symbols, expressions, or
locutions; physiology however is not a study of such explanatory pat-
terns or models, it is a study of physical phenomena.

In conclusion then, the functions studied by physiologists

belong to the categorial domain of physical processes, not conscious

“*Nagel, op. cit., p. 403.
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purposes or patterns of explanation. Realization of this fact will
render understandable why physiologists are so vociferous in maintaining
that 'function' refers to "What x does." The point they are trying to
emphasize, albeit in a misleading manner, is that physiology does not
study purposes or utilities, it studies physical processes.

In referring to machines or man-made artefacts one sometimes
finds the word 'function' applied; and it is in the sense of 'what x
does' or 'the working of x.' One speaks for example of 'the function
of the carburetor' or 'the function of the handle' and one refers to
what these items do, their activity. This is the more general and
everyday meaning of 'function.' When this more general usage occurs,
the speaker has merely specified the categorial domain, and although it
is still vague, he has at least distinguished activity from other con-

cepts such as purpose, etc.

Distinguishing the Three Concepts

The functions studied by physiology are processes. The term
'function' has three usages, as we have shown in the previous section.
We can now proceed to a deeper analysis and comparison of these three
concepts of function.

The concept of function,, that referring to a self-regulated
process, can be called the 'teleonomic' concept of function. The
concept of teleonomy must be distinguished from both 'purpose' and
'teleology.' The concept of teleonomy is an empirical notion. The

latter two are non-empirical notions. C. H. Waddington has discussed:
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the most general descriptions of the kind of biological
process which have been referred to as 'goal-directed.'
The nature of such processes has always been recognized
as one of the major problems of theoretical biology.

The words to be used for describing them and discussing
them are still matters for debate. The earlier expres-
sions 'teleological’ and 'finalistic' are usually thought
to carry an implication that the end state of the chreod
(process) has been fixed by some external agency and that
the end state is in some way operative in steering the
trajectory towards itself. To avoid such implications I
have spoken of such phenomena as 'quasi-finalistic,' and
the word 'teleonomic' (introduced I believe in Behavior
and Evolution, 1958) has been used as a substitute for
teTeological. *®

Ernst Mayr also gives a characterization of 'teleonomy' as
follows:
In order to avoid confusion between two entirely
different types of end direction, Pittendrigh has intro-
duced the term teleonomic as a descriptive term for all
end-directed systems 'not committed to Aristotelian
teleology.'. . . Such a clear cut separation of teleonomy,
which deals more broadly with the overall harmony of the
organic world is most useful because these two entirely
different phenomena have so often been confused with each
other.*’
A teleonomic process, then, is one which is so regulated as
to reach or maintain a certain state in spite of changes or fluctuations
during that process.
The concept of function, is referred to as the "mathematical”
concept of function. It is found, for example, when the rate or value
of one process varies with the rate or value of another process, e.g.,

'Sodium level is a function of salt intake.' In the expression 'y is a

“C. H. Waddington, "The Basic Ideas of Biology," in Towards a

Theoretical Biology, Vol. I, ed. by C. H. Waddington (Chicago: Aldine
PubTishing Co., 1968), p. 14.

“Ernst Mayr, "Cause and Effect in Biology," in Waddington,
op. cit., p. 49.
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function of x,' we have x as the independent variable and y as the
dependent variable. Changes in y "are dependent upon" changes in x.
The third concept of function, function, is called the 'teleo-
logical' concept. The function, of a part or process is given by
stating its role in the whole, which role is essential for 1life and
survival of the organism. It has been recently explicated by some
authors as the concept of necessary condition for survival. John
Canfield, for example, sets up the following schema:
A function of I (in S) is to do C means I does C; and
if, ceteris paribus, C were not done in an S, then the
probability of that S surviving or having descendants would

be smaller than the probability of an S in which C is done
surviving or having descendants.“®

Having outlined the three concepts of function, let me now
compare and contrast them. What we would like to show first is the
relationship between function, and functiong. Then the relationship
between function, and function,.

Consider this illustration of function : 'The production of
cellular material is a function of photosynthesis' (y is a function
of x). Notice that we can convert this statement so it reads 'A func-
tion of photosynthesis is production of cellular material' (A function
of x is y). This latter statement can be taken as an illustration of
functiona. Is there a deeper relation between the two than mere
paraphrasing?

Conside} the empirical tests that are used to establish the

existence of functions. The verificatory method behind function, is

““John Canfield, "Teleological Explanation in Biology," British
Journal for the Philosophy of Science, XIV (1964), 292.
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this: If you vary x over a range of values, then there should be some
related pattern of variation in y. For example, if you increase the
intake of salt then there should be an increase in the sodium level;

if so, then we say sodium level is a function of salt intake. Notice
that the proportionality between the variation of x and y depends upon
the context. First, the proportionality may be direct, as in the case
of the volume and temperature of a gas, or inverse, as in the case of
the volume and pressure of a gas, or it may be any other mathematically-
stated relationship, e.g., y may vary as the square of x, etc. Secondly,
there is some theoretical context which provides theoretical direction
for comparing y and x, and not y and some other factor. It might be
something as simple as that y and x are the same substance and occur

in the same system, such as the above example of salt and sodium, or

it might be a more complicated theoretical mechanism which links two
different factors, e.g., suicide rate and cohesiveness of society.
Thirdly, there are boundary conditions which determine which factors

are irrelevant in any situation.

Given this theoretical framework, the basic idea is this: Yy,
the dependent variable, is determined by the independent variable (or
variables). For the values of the independent variable (or variables),
there is a value of y. Otherwise y is not a function, of x.

Now .how do we establish that the function, of x is y? In an
analogous manner to one type of function,. First let us take the idea
of necessary condition. 'The function3 of the heart in mammals is to
pump blood' means that with a heart there is pumping of blood and with-

out a heart there is no pumping of blood. Here we really have the
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concept of function,, except that we have a range of variation of only
two values for x and y. Suppose 'O' means 'absent' and '1' means
'present.' Then if the heart is present, (has the value 1), pumping
blood is present (has the value 1). And if the heart is absent (has
the value 0) then pumping blood is absent (has the value 0). Thus the
heart is a necessary condition for pumping blood; with the heart blood
is pumped, without it no blood is pumped. (Obviously all the other
conditions necessary for being a living organism would have to be
present.) This function2 has of course only the two values 0 and 1,
or 'yes' and 'no' and is really just a qualitative approach. However
it was characteristic of biology until recent times that it had a
strictly qualitative approach and so the concept of function3 is really
Just a two-valued or qualitative instance of a function,, varying in
direct proportionality.

Those who would define 'the function, of x is y' to mean that
x does y and y is a necessary condition for survival would also find
that this definition is explicable as a two-valued function,. Ify
occurs the organism survives, without y occurring the organism does
not survive.

Now one might propose that as the pumping of blood varies, so
does the survival rate vary; and a multivalued function, would be
possible. This has not in fact been proposed by physiologists, mainly
because it assumes a quantitative concept of function , which is not
at present available in physiology and which this dissertation attempts

to construct. (One could not take a simple physical rate such as flow
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velocity of blood and correlate it with survival rate since obviously
there is a relative optimum for flow velocity of blood. In other words
Jjust increasing the blood velocity would only injure the organism, not
increase its chances of survival. And similarly for other rates and
correlations.) We might add also that a quantitative concept of
survival has not yet been achieved either.

More evidence of the fact that function, is really just a two-
valued instance of function, is found by considering the "ablation
experiments" which were used in the 19th and early 20th century in
physiology. These experiments are no longer recognized as of much
value because they present an over-simplified picture. In an ab]atjon
experiment, a part was removed from a 1iving organism and then the
organism was observed. Whatever activities of the organism ceased
upon removal of the part were considered to be the "function," of that
part. If upon removal of the optic nerve, vision ceased, then the
conclusion was drawn that the funct1on3 of the optic nerve is to aid
in vision. Again note that this is our two-valued function,. If optic
nerve present (1), vision present (1); if optic nerve absent (0),
vision absent (0). It is this two-valued function, which constitutes
the basis of the concept of function,.

A function, is also related to the concept of function,. A
physiological system is a process whose behavior is a function, of the
environmental disturbances and controlled compensations. In the general
mathematical (or logical) sense it can be viewed as a function,. Also,

the component processes which make up the parts of the physiological
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system can be viewed as functionsz, i.e., the controller value is a
function of the input, etc. Earlier in the history of physiology,
physiologists who were known as "vitalists" maintained that self-
regulatory activities did not act in the pattern of a functionz, in
fact they violated the usual deterministic processes. However, as our
explication will show, self-regulation is achieved not by violating
deterministic functions, but rather it is achieved by combining them
into a system that enables them to counteract each other.

We have shown the relationships between the three concepts of
function for the purpose of setting the concept of functionl in a

clearer light.

The Grammar of ‘'Function of'

An ambiguity has existed in the literature on 'function,' which
holds a key to a very penetrating analysis of the concepts of function.
The ambiguity is in the grammar of the word 'of' in the locutions
'function of.'

There are two different usages of the expression 'of' in general.
The first we will call 'instantial.' Locutions such as 'the city of
Rome' or 'that fool of a husband' are illustrations of this usage of
'x of y' where y is an instance of x, i.e., y is an x, for example,
'Rome is a city,' 'my husband is a fool.' In these cases we are saying
that y is a member of the class x. The other and more common usage we
will call the 'relational' usage. Thus a 'man of ability,' 'the plays

of Shakespeare' are illustrations of this basic usage, 'x of y,' where
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y is not an instance of x, but is related in some way to x, e.g., 'the
man has ability,' 'the plays have been written by Shakespeare.'

In the instantial usage of 'x of y,' we are saying y is x,

y is an instance of x, or y is in apposition to x. This usage can be
determined by a simple comma-replacement test. If in an occurrence of
'x of y' one can replace the word 'of' by a comma without loss of mean-
ing then this occurrence contains an instantial usage. Thus 'the city
of Rome' could be expressed as 'the city, Rome' without loss of meaning.
Another example of words connected instantially by 'of' would be '‘'the
color of red of the ball.' This could be expressed as 'the color, red,
of the ball.' The last 'of' in this phrase is, of course, not an
instantial usage but a relational one.

These usages of 'of' can be found in function locutions. 1In
the case of the instantial usage, we find the locution 'the function of
respiration.' In the relational usage we find 'the function of the
heart.' The former case implies that respiration is a function, the
latter case, a relational usage, uses a noun in the place of y and
denotes ownership or possession: the heart possesses a function.
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