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1/ The authors wish to express their thanks to Professor Edward Ames
and Professor R. L. Basmann for their comments on this paper. The
guality of the paper benefited from thelr comments and criticisms,
However, the views expressed in the paper should not be construed as

either representing or not repressnting the views on this subject of

e
Professors Ames snd Rasmanun. The authors take sole responsibility for
the contents of the papera

This paper along with the comments of Professor Ames who acted
as digcussant of the vaper at the Southern F"3a7ee Assoclation Meetings
will appear in the Southern Journal of Business.,

2/ Other examples sre the state’nerﬁm "The investment demand of the
business sector 1s excessive "Tnter rest rates arve at a dangerously
high level.




Definition 1¢ 1

Let ¥, ¥ denote two guantities, and X = 4ixl, Xps « ¢ 0 o s
Y o= {yif Vos o o o o } denote the set of magnitudes

of ¥ and ¥, respectively. A cholce space will be defined
ag the cartesian product X @Y, where each ordered pair

(x;, v;) € X ®Y represents an ordered pair of magni-

tudes of the guantities ¥ and V.

Definition Z: Attainable choice space
An attainable cholce space is & subset of the carbesisn
which contains those ordered pairs of

and Y which the policymskers may

some policy actions avallable to the

3 Ovdering relation on the attainable

Tor any two ordered palrs {xly ya), {xgg V) in

the attainable choice space, if a policymaker faced
with a choice between (xl, ’i) and  (x,, ¥, )s

chooses (xij yi)j then (x., y.) is preferred to

IR

{xgy yé), We shall denote this by ({(x,, v. 1>

}
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give an example of the above idea of vationzl choice
let us take two proffered ecounomic quantities the vate of unemploy-
ment (U} and the rate of change of the price level (P)}. The choice
space for the policymaker consists of the cartesian product U P.
Each ordeved pair of U® P consists of a magnitude of the unewploy-
ment rate and a magnitude of the rate of change of the price level,
For example, the ordered pair (47, 27) representing an unemployment
rate of 47 and a rate of increase of the price level of 27 iz one
element of UQ P .

For any choice space the set of attaiunable ovdered pairs
will generally be limited. The attainable choice space wilil be
delimited by factors such as the policy iustruments available,
the state of the economy, and the willingness of the policymaker

to use the available policy instruments.

5y  Stalte of the economy
The state of the economy consists of those cone
ditions which are assumed to vemain constant
during the observation period but may or may not
change in periods outside the observation

period.

As an illustration, let us assume that the policy dnsty
is open market operations, and let us further assume that given the

state of the economy, to every magnitude of an open markei purchassa

or sale of Government securities there corresponds one and of



ordered pair {u, p) in the attainable choice space. If these ideal
conditions of economic knowledge hold, then the process of rational
choice on the part of the policymaker consists of choosing that
ordered pair {(u, pj from his attainable choice space such that uo
other ordered pair (uj, pﬁ) is preferred by hin.
Unfortunately, we do not possess such ideal knowled
As ecomcmists, we cannoct at present specify a one~to~one cor-
respondence between magnitudes of a policy wvariable and crderved
pairs such as (u, p). This opens the possibility that even if

Postulates 1 and II hold, the policymaker may not succeed in wmak

a rational choice. Suppose the policymaker orders two possibl

[

ra"
Ciy

choices as (u., pl} > (uz, pz). On the advice of his resear
£

staff, he puvs

a policy aimed at attaining (uj, pl}; However,

the resulis of his policy are represented by (u., p.) The goal

L e
of the policymaker was to make a rational choice {i.e., tov choose the
magnitudes Tfor the unemployment rate and the rate of increase of

the price level attainable by him that he wmost preferred). How-
ever, given the outcome of his action, he did not succeed in

making his rational decision.
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A

Group T may assert:

(1} If, over the next three quarters, the money stock
increases at an annual rabe of more than L per
cent then the resulting rise in total spending
will offset the restraining effect on total spend-
ing of the recent increase in the Federal Income
tax rate.

{2) Given the present productive capacity of the eco-

ol rate of the

nomy and given the predicted

£ A 2

productive capacity of the economy, the growth in

resulting from an increase in

the money stock at a greater than 4 per cent annual

T o e e | (OO QP L . . P s b e L2 e s g e
rave will result 1n an gnnusl rate of lncrease

B AU S S OO S, Y
index from TL8ING 8l sucnh

a rapid rat

®

3 up 1T may recomnend that

the Pederal Reserve engage in a policy aimed alt maintaining the

growth rate of the money stock in a range of 3-4 per cent.
If research in the field of economics is to be of use

to the so-called "mekers of economic policy,"” then the economist

must be able to tell the policymakers that if they perform a

definite physicsl operation cn the elements of a sel of




T
LA

e

,

mignt

|
L

wa
|

7O

e

B

a

uche

censty

o

advisors that

his

)

[N

@
o
(o]

osophers seems to b

h

il

among ph

inion

op

00ks,

ican B

el

{(Baltimore: Pe

1 Truth

and

M

and Henr

argena,

Yo

ﬁ
V!«
N

St
[
=

W,

i



the possible policy actions which T might take,

L]

(1) o
which one will be most likely to succeed in deter-
mining the megnitude of X at the level you specify?

(2) If I succeed in determining the magnitude of X, what

impact will this have on the magnitudes of other
economic quantities?

(3) What empirical evidence can you offer to me that

if I teke a definite policy action I wilil succeed
in determining the magnitude of X and hence the
magnitudes of other economic guantities? In othex
words, what confirming evidence can you offer for
vour asserted proposiitions?

In order to give an adequate answer to the three questions
posed by the policyuskers, an economist must assert his recommenda-
tions in the form of propositions that have empirical content. ‘The
policymaker is not primerily interested in propositicns that express
relations between abstract terms. He wanis to know what operations
to perform and how the performance of these operations affects the
magnitude of' other eccnomic quantities.

Returning to our two groups of policy advisors, Group I
has recommended that the policymakers should take action to reduce

the level of interest rates, Group II has recommended that policy

i

action be taken to keep the growth rate of the money stock in



e

3

s . Y
= w 9] B o] e} W0 a)
@ @ 24 o s —~ © [0}
2 ot § o Q Q 3 Q ] B M
o 42 @I ) =1 [s] 6] O -3 O [ b
m «i £ el % m —t S ) m m Q
. & ot $ O w 1) W2 H LS
— = = [ = [ds] [} — o EE)
C >3 @ [0} ) g >3 e}
© 0] @ Q 4 @ ] ] d + 0] jsty]
& 1] ~ = — ] Kol £ <= Q [N =]
o Q © +3 © + 4 o] o
+ @ &t b = + N Q , = jo N
ie] o = Q wn 5 = [$9] [ (0]
= o & £ 2 3 QP © =
5 = Y, =3 & ) 9] ~ + A4
o . ] 42 o
= (] £y 0 = O (o] G4
. D) &y O o] + O
o4 ! e 4 [ 42 —
« ~ 0 o o 4
0] - [} ot ] Oy q o B! (6]
& ] <3 e o =3 =4 © [} O
+2 e ) (S BGOSR | )
3} o] o o ] ) 1 [as] joX!
2 2 o © - (R 5 Q
42 o Q 0] o ot @ [} s
o8 Gy R © I 2
G 9] O -+ > [} O
@ o] © ! +3 0]
1954 EN W =
© - 9] o 60 0} ©
4 4 o] o~ ot
@ W o @ Q Kl
= < -+ S [ty] U
Q) -+ [a¥]
o o} a ©
o © < Q o]
[4%] o) ot 42
A 43
S )} ] 0}
’ B8
i~
= C
42
oy 2
(9] =
Q
3
Q\-
0
:ta
= 42
0] [
-
=3
[0}
9] @
e jo] [§] o 42
e +2 . 42
Q oy] W o
43 4 0} L =
Qu B -+ =1
B~ 4 (5} [o) O
v i~ ) -+ £ &)




- 11

N

[y
h

growth rate of currency and demand deposits held by the nonbaunking
public in a 3-4 per cent range.

As an illustration we take the position of Group 17. The
policymaker may ask "How do I go about determining the magnitude of
the money stock?” Group Il may answer in the following form:

A: The Monetary Authorities can determine the magnitude of

the monetary source base.

B: Changes in the magnitude of the monetary source base are
followed one month later by changes in the same direction

of the magnitude of the money stock.

Conclusion §: The monetary authorities can determine the

magnitude of the money stock.

Let us gymbolize the conjunction of proposition 4 and B

d

by P (i.e. A < B = P). The argument form used by the advisor has

[

the logical form: L2/

4

Which may be read, the proposition represented by P (in this case
the conjunction of two propositions A and B) implies the proposition
Q. We assign the truth value true to the proposition P therefors we
assign the truth value true to the proposition Q.

To determine the conditions under which we shall assign

a truth value to = proposition such as P which is composad of the

L/ An argument, as we shall use the term, is a series of statements
such that at least one of the statements is advanced to substantiate
another statement.



logical conjuaction of two or more propositions we state Lhe foll

criterion.

Criterion for 4ssigning truth values to a proposition formed

by the logical conjunction of two or more propositions:

If P 1is a proposition where P = A+ B - ¢ - » ¢ and

each A * B+ ¢ -

w0

==

a vroposition then we assign a truth
value true to P 1 and only if we assign a truth value true to
each A, B, C, . . . . In all other cases we assign a truth

value false to P.

The grounds on which the advisor asserts that, Q: The

authorils

determin

D

the magnitude of the

assunption that we can assign a truth value true to

the two propositions denoted by A and B. The logical argument form

by wnich we decl
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ogical argument form oniy ssserts that if we assign s truth value

"
N

true to both A and B and hence to P that we may use this valid

deductive argument form to assign a truth value trus to the con-

&7y
&t

clusion of our argument.
Let us now proceed to examine in some depth the crucisal

problem of how a group of advisors might proceed to set up a

for assignment of trubth values to propositions such as 2 and B
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One means by which we can proceed to set up standards for
assigning truth values to propositions such as A and B is to give
empirical content to the proposition by operationally defining the

terms and relations appearing in the proposition.

Definition 7: Operational Definition
Operational definitions are statements which:
(i) give a definition to the terms of a proposition such that
the elements included in the domain of definition of
the term are objects of experience,
(11) define the relations and operations of a proposition
by experimental operations performed on objects of

experience under definite initial conditions.

As an example let us take proposition A:
"The Monetary Authorities can determine the magnitude of the
monetary source base.”
To give empirical content to this proposition the terms "Monetary
futhorities,” 'monetary source base,” and the relation "can determine”

must be given an operational definition.

Operational Definition 1l: Monetary Authorities
The term Monetary Authorities includes all individuals who
are either a President of a PFederal Reserve District Bank
or a member of the Board of Governors of the PFederal Reserve

Systemn.
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The relation "can determine” is very imprecise and could
possibly be rendered "there exists an operation which the Monetary
Authorities can perform which will determine the magnitude of the
monetary source base.” This "there exists” statement has the form
of an existential statement. One of the logical characteristics of
this form of statement is that it can pever be falsified. The advisor
who asserts such a proposition can feel quite safe that his assertion
can never be refuted. However, this feature is not very useful for
policy advice. The policymaker does not want to be told "there
exists an operation by which you can determine the magnitude of the
monetary source base,” he wants to know what that operation is and
how it should be performed.

To give empirical content to his assertion, the economist
nay replace the “there exists an operation” with an operational
definition of the operation. Precisely, the operation of purchase
and sale of Government securities.

The proposition might now be reformulated:

"The Monetary Authorities by purchase or sale of Government
gsecurities can determine the magnitude of the monetary source
base.”

The policymeker may now reply to the economist that now that
he has interpreted the term monetary source base and the operation
which the policymaker might perform to affect the magnitude of the

source base, what does he mean that the Monetary Authorities can
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proposition, and has provided an objective criterion for determining
whether these conditions hold. He has now established a criteriomn for,
at any point in time determining whether to assign the truth value true
or the truth value false to proposition A.

As we remarked earlier, the assignment of a truth value true

to the conclusion of the argument form:

PDQ
b P
.. Q

depends not only on being able to assign a truth value to proposition A
but also on being able to assign a truth value to proposition 8. The
assignment of a truth value true to proposition A 1is a necessary but
not a sufficient condition for assigning a truth value true to the con-
clusion Q. We must also be able to determine the truth value to be
assigned to proposition B.

Perhapg this point will be clarified if we look closely at
the relationship between propositions A and B and the conclusion Q.
Proposition A asserts that the monetary authorities can, by a
definite action on their part, determine the magnitude of the source base.
Suppose, using our objective criterion, we decice that at a point in
time this proposition expresses a true representation of the relation
between Federal Reserve open market operations and the source base {(i.e.,

we assign a truth value true to A). Does this necessarily imply that

the monetary authorities can determine the magnitude of the money stock?
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money stock, a change in the magnitude of the base in period t is
followed by a change in the same direction in the magnitude of the money
stock in period t + 1.

The conclusion that the monetary authorities can control the
magnitude of the money stock by controlling the magnitude of the monetary
base via open market operations depends on the truth value assignment
given to this economic law. The policy advice offered the policy=-
maker that if they take open market actions to reduce the growth rate
of the base they will succeed in slowing the growth rate of money
depends upon B representing a true relationship between changes in the
base and the money stock. The prediction of the outcome of the action
taken by the policymakers, using the argument we have advanced in our
example, depends on the truth of B. However, the actual outcome of the
action does not necessarily depend on the truth value of B.

A prediction statement that a change in the magnitude of the
monetary base in a specific month, say December, 1968 will be followed
by a change in the same direction in the magnitude of the money stock
in January, 1969 is based on the assumption of the assignment of a
truth value true to the statement function 1. 1.

Let us take a close lock at the form we have chosen to
express B, In the form

(b, m) (B0, D¥m, )

we have expressed what is called in logic a propositional function or



sentential function. The symbols b and m are variables ranging over
a set of valuese~m§/ What we are asserting by B is that given a change
in the magnitude of the base we will observe in the followingvmonth a
change in the same direction in the money stock. We use this relation
to predict the result of a change in the base. What we actually observe
are changes in the monetary base in a specific month and then we
observe the movement in the magnitude of the money stock in the following
month, i.e. did money increase, decrease, or remaln unchanged? In
other words we observe specific instances of the general law asserted
by B. @Given our definition of the terms money stock and monetary
source base, and our method of determining if the relation asserted by
the proposition holds, we may determine for each specific instance of
the occurrence of a change in the magnitude of the base whether a
change in the same direction of the money stock occurred in the follows
ing month.

Ve shall now give two schemas for assigning truth values Lo

economic laws of this form.

Tet: bl and m:L refer to specific magnitudes of the base
and the money stock. In our example, bl might be
the magnitude of the base in November, 1965 and then

. would refer to the magnitude of the money stock in

December, 1965,

_Jy See Alfred Tarski, Introduction to Logic and the Methodology of
the Deductive Sciences, (New York: Galaxy Books, Oxford University
Press, 1965), pp. 3-1Z2.
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Falsification gchema

(6b, © v ¥m ) (Bb DY ml)

v (6 b, oW o my )2 (b, m) (B b, =V mt+l)
b

vV o

1

v o6 bl:D y ml}

oo v (b, m) (8 bﬁfb ¥om, l)

In the falsification schema, like the confirmation schema,
we reason that if we are to assign a truth value true to our economic

law then each ¢

cific instance of the law should be in good agreement

-

with empiricsl svidence. If for a specific instance, the occurrence

el

of a change the magnitude of the monetary base is not followed one

[
-
e

month later by a change iun the same direction of the magnitude of the
money stock (i.e. ’U?ml) then we assign the truth value false to the
relation ( 9by © Wnﬁ), ice. Vv (6by DY ml). Since & conseguence

that the economic law predicts would not occur has in fact been

ghown to be in good agreement with empirical observations, we assert
that the universal statement "for every pair of magnitudes (b, m) of the

base and the money stock, a change in the base is followed one month
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(1) All evidence relevant to the potential falsification
of an hypothesis must be considered.

(2) The data used and the operations performed on this
data to confirm or falsify the hypothesis must be
clearly and fully reported so that other investigators

may repeat the operations.

In our example, this method would involve deriving from,
B: "Changes in the magnitude of the monetary source
base are followed one month later by changes in
the same direction of the magnitude of the money

stock”

logical consequences of the proposition and subjecting these con-
sequences to an empirical test. We would be asserting that these
statements about real world objects and relations between these
objects were a necessary consequence of our proposition B.
As an illustration we might derive the statement:
S.1 "There is a positive correlation between changes
in the magnitude of the monetary source base and changes

in the magnitude of money stock one month later,"

5.1 would be viewed as a derivable consequence of B. We

would symbolize this by:

(b, m) ( 6th>‘¥ mtﬂ):: S.1



S.1 would serve as the potential falsifier of the relation between
the base and the money stock asserted by B, i.e.

V8.1 % (b, m) (0 v >V mt+l)

We must now look in somewhat grester detail at our two
schemas., BEspecially the form of our confirmation schema., Notice
that we said this was a schema for assigning the truth value confirmed
to the proposition B, we did not assign the truth valus true to the
proposition B using this schema. TIf we assign a truth value true to
3.1 and then proceed to assign a truth value true to B we have committed

-

a logical fallacy known ag affirming the congeguent, Tt is necessary
o o o

for the truth of B that S.1 be assigned a truth value true, but it
is not sufficient. Because 3.1 is shown bo be in good agreement with
the performance of certain well-defined empirical tests it does not

s ]

logically follow that B must be true. L

The reader may recall we stated that the sctual outcome of
an open market purchase or sale of Government securities by the Monetary
Authorities dees nolt necesgsarily depend on the truth value sssignment
to B. It may be the case that by empirical testing B we assign a
truth value false to B. Still, a change in the monetary base may be
followed one month later by a change in the same direction in the magnie-
tude of the money stock. Our ability to predict the oubcome of a given

action may be quite good although our explanation cof why, given the

7/ This point can best be 1llustrated by a simple example. Take the
proposition "If X is a whale, then X is a mammal." Suppose for an
object ¢ we determine that O satisfies the criterion for being a member
of the class of objects denoted by the term "mammal." We assertit: O
is a mammal. We then proceed to assert o is a whale. It may be the
case that ¢ is a whale, but it may also be the case that O is some other
type of mammal.
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action, the outcome occurred may be false. —éy

The falsification schema is analogous to a valid argument
form in logic called the modus tollens. If S.1 is a logical conse-
quence of B, then it is necessary that S.1 be in good agreement with
empirical observations. If we falsify S.1 (on the basis of our em-
pirical test we decide to assign a truth value false to S.1) then
we must, according to the rules of logic, assign a truth value false
to B.

The forms of our two schemas, which we have presented as
one possible method of determining the truth value to be assigned
to a proposition such as B, have important consequences for assertions
we can make about the truth value assignments made to B.

By deductive testing of an hypothesis we cannot prove the
hypothesis to be true. We can only say that on the basis of repeated
testing, the logical consequences of the hypothesis have been shown
to be in good agreement with a finite set of empirical cbservations.

A necessary condition for our hypothesis to be true is that all of the
consequences which it logically implies be shown to be in good agreement
with empirical observations. This condition is only necessary and not
sufficient. The possibility remains that consequent of our implication
may be true and the antecedent clause false. The assignment of a truth
value true to propositions of the form of B, under the schema we have

called the confirmation schema, are conditional truth value assignments,

ji/ See Bertrand Russell, An Inquiry into Meaning and Truth (Baltimore:
Pelican Books, 1962), pp. 21hk=215.
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As support for assignment of a truth value true to B the
economist offers the evidence that one of the logically derived
consequences of his hypothesized relation between the wonetary base
and the money stock, a consequence that must be in good agreement
with empirical observations for assigning a truth value true to the
hypothesis, has been shown to be in good agreement with a finite
set of observations. Specifically, the economist has found, for a
finite set of observations, a positive correlation between changes
in the magnitude of the monetary base and changes one month later
in the magnitude of the money stock.

The policymaker may now reply that the conclusion reached
by the advisor that the Federal Reserve can countrol the magnitude of
the money stock is a very important conclusion. It is especially
interesting in light of the fact that the economist has shown how the

Monetary Authorities, by a well-defined and available action on their

determine the magnitude of the wmonetary source base. However,

the policymaker reumains reiuctant to base his policy decisionsg on the
assunption that the conclusion of the argument of the advisor is
true. He points out to the advisor that the truth value of his
conclusion depends on the truth value of the asserted relation between
changes in the magnitude of the base and changes in the magnitude of
the money stock.

He recognizes that the evidence offered for the propositlon

Tails to refute the assertion that it is a true representation of the
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relation between the important economic gquantities. The canny policy-
maker points out that although for the observation period there is a
large and significant positive correlation between the changes in the
magnitudes of the two quantities, this does not necessarily imply the
truth of the asserted relationship between them. This may only be

a spurious correlation, i.e., the high positive correlstion may not
represent any cause and effect relation. Also, he may continue,
other economic research indicates that cther factors enter into the
determination of the magnitude of the money stock. TFor example,

the reactions of the commercial banks and the public to changes in
the supply of base money.

The economist may attempt to provide further evidence for
his asserted relation between changes in the supply of base money and
changes in the magnitude of the money stock by:

(1) wusing a different period of sample data and repeating
his test of calculating the correlation between the
changes in the magnitudes of the two economic quanti=-
ties and/or

(2) deriving other logical consequences of his hypothesis
that act as potential falsifiers of the hypothesis

and confronting them with empirical observations.

Alternatively, he may decide to construct a more extensive,

well-developed hypothesis to explain the determination of the magnitude



of the money stock. Such an hypothesis might consist of several
propositions which express a proposed representation of the behavior
of commercial banks and the public. The hypothesis might cousist of
a set of definiticnal relations that define the basic terms of the
hypothesis (for example, the terms "money," and "monetary base"), a
set of propositions that represent part of the behavior of commercial
banks, and a set of propositions that represent part of the behavior
of the public. The conjunction of these sets of basic definitions and
propositions form a mechanism that is hypothesized to represent the pro-
cess by which the magnitude of the money stock is determined. éi/ in
many such proffered representations of economic phenomena the terms
and relaticns of the hypothesis are represented by mathematical symbols
and relations.

The creghion of meore fully developed hypothesis has the advane
tage of offering the possibility of broadening our understanding of the
ude of an economic guantity such as the money

process by which the iy

g determined, Our original proposition B only asserted a relation

e

oot

stock
between changes in the magnitude of the source base and lagged changes in
the money stock. In an hypothesis such as the Brunner-Meltzer non-linear
hypothesis, a direct connection between the base and the money stock may

be derived and the manner in which other factors influence changes in

the money stock may be explicitly included in the formulaticn.

jz/ As an example of such an hypothesis see Karl Brunner snd Alan
Meltzer, "Tiquidity Traps for Money, Bank Credit, and Interest Rates,”
Journal of Political Economy, Jamuary/February, 1968.
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Merely formulating a more elaborate hypothesis does not by
iteelf necessarily broaden our knowledge of the economic mechanism,

If such an hypothesis is devoid of empirical content, then for policy
advice, it may be less desirable than a much less elaborate hypothesis.
The creation of a more fully developed hypothesis opens the possibility
of broadening our understanding, it does not insure that this goal will
be realized. The process of providing confirming evidence for a hypo-
thesis consisting of a number of propositions linked together is the
same as for our simple example, It consists of deriving logical con=-
sequences of the hypothesis that may be falsified by confrontation with
empirical observations,

An explanatory economic hypothesis 1s confirmed or falsified
by confronting derivable propositions of the hypothesis with empirical
evidence. Such hypotheses are never finally proven true. By repeatedly
testing previously derived consequences of the hypothesis with new
data, and by deriving new testable propositions from the hypothesis
and confronting these propositions with empirical observations, we
may increase the degree of confirmation of the hypothesis. The confir-
mation or falsification of a proposed explanation of economic events
is always relative to the evidence used. Additional observations, re=
finement in existing technigues of testing making possible the testing
of additional conseguences of the theory, or improvements in the

methods of collecting data may alter the conclusions of previous tests.zg/

1y Orcutt, Watts and Bdwards point out some of the difficulties in=
volved in using present aggrecate data, such as national accounts data,
in rejecting economic hypotheses and discriminating between alternative
hypotheses. G.H. Orcutt, H.W. Watts, and J.B. Edwards, "Data Aggrega-
tion and Information Loss,' American Economic Review, September, 1968,

pp. T773=-767.
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Initial Conditions

An economic hypothesis is put forward as a proffered reprecsentation
of the mechanism by which changes in magnitude of one set of economic
quantities (frequently called exogenous variables) lead to changes in the
magnitude of another set of economic quantities (frequently called endogenous
variables). Such change is assumed to take place against some invarient back-—
ground or structure of the economy.

The background or structure of the economy is specified by the state-
ment of background or initial conditions for the hypothesis. Although they
are seldom explicitly stated, implicit in every econcmic hypothesis is the
assumption of these initial conditions.

As an example, we offer some statements from an explication of one
form of the 65-70 equation F,R.B.-M.I1.7. Econometric Model. 12/

The actual specification of the model reflects the judgment that
there have been very few, if any, periods of demand dnflation
(aggregate demand greater than the short-run production

capacity of the economy) in the United States since the Korean

War. (p. 124)

The critical implication of a model where factor proportions are
variable only before capital is put in place is that the short-run
elasticity of investment expenditures, with respect to once-and-for
all changes in quasi-rents, is unlikely to exceed the long-yun
elasticity. (p. 128)

The putty-clay CES aggregate long-run production function implies
that at every point in time there exists a stock of capital of
various vintages and for each vintage, the output/labor ratio is
fixed. It is further assumed that the stock will be utilized in
order of decreasing productivity until aggregate demand is satisfied.
(p. 132)

Therefore, assuming no significant variation in transactions costs,

the equilibrium ratio of money demanded to transactions is related to
the interest obtainable on short-term assets. (p. 137)

}E/ Robert H. Rasche and Harold T, Schapiro, "The F.R.B.-M.I.T. Econometric
Model: Its Special Features,'" American Economic Review, May, 1968,
pp. 128-149,




On the supply side, our basic hypothesis is that savings institutions
set the rate of interest payable on their deposit liabilities and
then meet any reasonable demand for these deposits. (p. 141)
A given explanatory economic hypothesis is designed to explain a
set of economic events under a specific set of initial conditions. A
change in one or more of these initial conditions will alter the derivable
consequence of a proffered hypothesis. This will lead to a change in the
set of observation reports that form the set of potential falsifiers of
the hypothesis. Anlempirical observation that, under one set of dinitial
conditions may be considered as evidence against the hypothesis, may
given a change in one or move of these initial conditions no longer be
regarded as a faleifier of the hypothesis.
The specification of a set of initial conditions for a hypothesis,
the specification of the effect of a change in one of these conditions
on the derivable consequences of the hypothesis, and the empirical con-

firmation of the initial conditions is one of the most difficult parts of

scientific inquiryujgif However, this is a very important aspect of
scientific inquiry, both for the testing of hypotheses and for the use of
these hypotheses as predictive devices. Over time the - structure of the
economy may change and this change may have an effect on the derivable con-
sequences of a model. If the full structure of the model, including the
relevant initial conditions under which it is proported to be a model of a
segment of the economy,is not fully specified, then the predictive power

of the model may be far from satisfactory,

{g/ See Ernest Nagel, The Structure of Science (New York: Harcourt, Brace
and World, Inc., 1961), pp. 30-32.
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Let: re = effective rate on Federal funds
Ty = Federal Reserve discount rate
b o= commercial bank borrowing at Federal Reserve Banks
commercial bank borrowing of Federal Ffunds
“f i
Potential falsifier 1: If { — > —
T T
d d .
t+1 t
then bt+l > bt

Our potential falsifier states that if the numercial value of
ratio of the effective rate on Federal funds to the discount rate in period
t + 1 is greater than the numercial value of the same ratio in period t,

then we would expect to observe that the numerical value of the ratio b

4

in period t + 1 is greater than the numerical value of b in period t.
Having derived this proposition we now proceed to search for a set of data
with which it may be confronted.

We now veturn to the crucial role of the initial conditions,
The proposition which is to act as a potential falsifier of cur hypothesis

has been derived, not solely from the proposition T, but from the con-

junction of T and the set of dnitial conditions Il - 14, One of the
functions of the initial conditions is to limit the set of observation

statements that may serve as potential falsifiers of the hypothesis. For

example, I, limits the class of commercial banks on which observations

3

o]

should be made. Only member banks of the Federal Reserve System hav

62

access to the discount window. Il forms a further limitation on the class

i

o

of commercial banks. Due to the Institutional structure of the Feder
funds market, only laige commercial banks borrow in the Federal funds
market. A set of observations on small nonmember commercial banks would
therefore not constitute evidence either for or against our derived

proposition.



In our search for empirical observations with which we may
confront our potential falsifier, we find that there is a series of
data vhich is asserted to represent the real world terms appearing in
our proposition. By being readily available to the public, it also
satisfles our directive principle of the availability of data so other
investigators may repeat our procedure. The Federal Reserve System
regularly publishes data on the effective Federal funds rate, the
discount rate, and for z sample of 46 large commercial banks borrowings
of Federal funds and borrowings from the Fedecral Reserve Banks.

Suppose that using the data available in the Federal Reserve
Bulletin we proceed to test our proposed explanation of bank borrowing
behavior; and in a period of time we find that although

"‘if\ > [

I r
d/t+l K\d t

that bt+1 L bt' Can we use this result as a falsifier of our theoretical
proposition T? We can use this empirical test as evidence against T if
and only if we can show that there is evidence that conditions Il - 14 held

during this period of time. We repeat again that the proposition which

serves as a potential falsifier was derived from the conjunction of Il - I4

and T. If we alter one of the initial conditions we will alter the
derivable consequences of our hypothesis.

As an example, if we alter 14 we would derive a different con-
sequence of our hypothesis. If we find that over the period of time in

which the evidence appeared to refute our hypothesis, the Federal Reserve

Banks set the discount rate but did not allow commercial banks to determine
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Quantitative Foundations

Many proffered rcpresentatiqns qf econonic phenomena take
the form of a mathematical model. Such a representation presents
a system of mathematical equations connecting the terms of the hypothesis
in a definite mechanism that attempts to represent the process by
which the magnitude of certain economic quantities are determined.
The structure of mathematics provides a very powerful analytical tool,
the use of which has helped to advance knowledge in many fields of
empirical science. However, the field of mathematics is not an empirical
science. Mathematics is concerned with numbers and the operations
which may be performed on numbers. Modern mathematical logic is a
branch of mathematics and logic which attempts to'impart substance
to the concept of number as something on which certain logical
operations may be performed. The terms natural number, rational
number, and real number arc given precise meaning within the framework
of an axiomatic system called number theory. Also, within these
mathematical structures certain logical operations such as +, -, x,
+, are defined, and thecrems are derived concerning the performance
of these operations on numbers. There is no necessary empirical
counterpart to the abstract entities called numbers, and no necessary
empirical counterpart to the relations < and = between numbers;
and there is no necessary empirical counterpart to the operations

symbolized by +, -, x, +, performed on numbers.
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Once we use numbers and operations performed on numbers in

the testing of an ewpirical hypothesis, we have made a subtle passage
from the real world into the space of abstract concepts. Numbers

are not objects of experience. The use of numbers and operations

performed on numbers in the confirmation or falsification of empirical

¥

&)

propositions assumes the confirmation of another hypothesis. This
hypothesis may be called the hypothesis of measurement. Broadly
defined, this hypothesis asserts the proposition that the numbers used
represent sets of objects of experience, and the relations between

and operations performed on these numbers represent relations between
and operations that may be performed on the sets of objects of exper-
ience that are represented by the numbers.

A vital underlying assumption of every test of an empirical
hypothesis where the testing involves the use of numbers is that there
is strong confirming evidence for the hypothesis of measurement.
if the hypothesis of mecasurement is falsified, then the evidence
adduced by use of the numerical data cannot be used as evidence for the
falsification of the theoretical explanation advanced by the hypothesis
it is used to test.

Measurement conceived of in this manner is not just the
gencration of a series of numbers. Numbers and mathematics are useful
tools in empirical science because, in some cases, numbers can be

used to represent sects of objects of experience, and the rejations
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between these numbers and the mathematical operations such as addition
performed on the numbers assigned to sets of objects of experience
can be used to represent relations between and operations performed
on the sets of objects of experience represented by the numbers.
Unless we know what the numbers represent, what observable relation
between sets of objects is represented by the numbers, and what experimental
operation is isomorphic to the mathematical operations used, the use
of mathematics in empirical science is at best useless, and at worse
positively migsleading.

Alternatively, the process of measurement may be viewed
as a problem of establishing a one-to-one mapping from the space of
objects of experience to the number space.

Let: A = ia, b, ¢} where a , b, ¢ are objects of experience

B = set of positive real numbers

ot .
Let: g: .+ R represent a mapping from the space of

b,
5

objects of experience into the space of positive real numbers.
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. + . . s

Under the mapping g: A > R to each element of A is assigned a positive
rcal number which represents that object. The object a is represented by
the positive real number 1, the object b by the positive real number
2, and the positive real number 3 represents the object c.

One possible use of the numbers assigned to each of the objects
of experience might be to act as a representation for the objects in the
space A. This is the process followed in football or baseball where to
each player is assigned a specific number which identifies that player.
Because Tim McCarver, a catcher for the St. Leouis Cardinals, has number 15
on his uniform and Bob Gibson, a pitcher for the Cardinals, has number 45
on his uniform does not represent any ordering relation between Gibson and
McCarver. For example, some ardent baseball fans might assert that Gibson
is threec times as great as McCarver, but this is not represented by the
numbers on their respective uniforms. The numbers {(or strictly speaking,
numerals) assigned to each of these players serve only to identify the
players.

Within the axiomatic theory of numbers, certain relations between

. - Lt .
and operations performed upon the elements of the set R of positive real num-

1oes . . + .
bers are defined. As an illustration, the elements 1, 2, 3 of R, are in a
definite relationship denoted by 1 < 2 < 3. Also, an operation symbolized

+ s
by + may be performed on the elements 1, 2 € R . The relation between the
: + ; -

result of that operation and the element 3 € R may be represented by 1 + 2 = 3.
If we are to use these relations and operations performed on elements of the
set of positive real nuwbers to represent relations and operations performed
on elements of a set A wheosce extension consists of sets of objects of experience,
relations and operations must be interpreted as relations betwcen and opera-

tions performed on elements of A.
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To the elemont a we have assigned the number 1 and to the
: . . + .
element b we have assigned the number 2. We saw that in R the relaticn
between 1 and 2 could be symbolized by 1 < 2. But, for empirical
science, the question is not what is the relation between the abstract
.o . + . . . .
entities in R . The question is what is the relation between a and b
symbolized by <? 1Is there an observable relation symbolized by (E)
between a and b such that 1 < 2 => a({)b?
The symbol < denotes an ordering relation between elements
-+ ) . . 4 . P
of R'. What we must establish for the use of this symbol in empirical
statements is an observable ordering relation between elements of A

{the space of objects of experience) that is represented by the relation

1 2 <&

<. Just because thore is a well~defined velation < between elements
+ . . . -

of R, does not mean there is a corresponding relat10n<§)between elements
of the space of objects of experience where these elements are repre-

1 e g G - )+
sented by elements of R .

The welationship between elements of A symbolized by the

s <& £ ‘ V‘- s
relation < between elements of R that are in one-to~-one corres-
pondence with elements of A, conveys a significant amount of empirical
information about elements of A. It implies, if the criterion of
measurement has been met, that for any two elements of A such that
the numbers assigned to these elements are in the relation <, then these
objects of experience are in a definite observable relaticn denoted by
<). The ordering relation symbolized by(<)may however be represented

(=3 o =

by a different order preserving mapping. In our example, we might use

a mapping f: A = R+ where under the mapping f(a) = 2, f£(b) = 5,
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f{c) = 9. 1If we hiad only defined an empirical ordering relation on
3 L £

A, no loss of empirical information would result from using the mapping
f rather than the mapping g.

The use of the results of the operation + performed on ele-

S+ ; . . \ .
ments of R, and the use of the results of this operation in empirical
propositions about the elements of A, assumes not only the establiish-

. . . 7 . s 4
ment of an ordering relation {<)defined on A, but also assumes additional
information. Precisely it assumes the establishment of an operation
denoted by (+) which when performed on elements of A is isomorphic

L I

. . +
to the operation + performed on the elements o¢f R used to represent

; . o . -
The operation 1 + 2 performed on elements of R is a well~
defined operation leading to a result 1 + 2 = 3. However, for this

operation to have any empiirical content, we must define an operation

denoted by which may be performed on elements of A. Under the

mapping we had g(a) = 1, gb) = 2, g{c) = 3. The criterion

09
e
-
7ol

of measurement Involves the establishment and empirical confirmation of

an operation that may be performedon a and b such that the performance

Fh

. e N - .
of this operation denoted by a (+) b leads to set of cbjects o
experience that is represented by the positive real number 3. If we
can satisfy this additive requirement of measurement, then the mapping

+ . . . . : -
g: A 7 R s dnvarvient except under a linear transformation of the

+ : i ;
form R = xA where x is a constant. We cannct veplace the mapping



defined by g with the mapping defined by f without a loss of empirical
information.
The process of empirical testing of a proffered hypothesis

consists in performing a series of observations on objects of experience

erforming well defined experimer 1 operations on obijects of experience
rformi well defined experimental rations on of ts of experie

or the performance of mathematical operaticns on data where the data
represent objects of experience and the relations expressed by the mathe-
matical sywbols represent relations between sets of cobjects of experience
and the mathematical operations are iscmorphic to experimental opervatiocns
that may be performed on the sets of objects of experience represented
by the numerical data.

The assumption of neasurement is fundamental to the empirical
testing of eccnomic hypotheses. Numbers and mathematical opevalions
are useful to empirical testing if and only 1f the quantitative
foundations of their use are securely established. The manipulation
of numbers is not the goal of empirical science. If and only if we
know what the numbers represent, what the relations represented by

numbers tell us about the real world, and what operations performed oun

objects of experience are represented by numerical operations, can the

9]
by
}«J
o
5
I
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use of mathematics function as a useful aid to empirical
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Conclusions

We began our paper by assuming that the goal of policymakers was
to make a rational decision. We defined a rational decision by policymakers
as the choice of that set of attainable magnitudes of economic guantities most
preferred by the policymakers. In order to make a rational choice, before
taking a policy action, a policymaker is concerned to know the impact of such
an action on the real world. To provide himself with such information, the
policymaker frequently relies on his research staff and other economic ad-
visors. Our paper was directed to the question of how such economic advisors
could provide the policymaker with information on the basis of which he could
make a rational decision.

At the present time, we operate under conditions of very imperfect
knowledge about the economic system and the mechanisms by which the magnitudes
of economic quantities are determined. At the start of our paper we set up
the hypothetical case of two groups of policy advisors offering advice to &
group of policymakers. We then stated that for the policy advice of either
group to be of use to the policy-making group, the advisors would have to
provide a link between what the advisors assert the policymakers should
attempt to control, and some action they can perform on the elements of a
definite set of objects of experience. As an example we took the group of
policy advisors which asserted that the monetary authorities should control
the growth rate of the money stock. They recommended that to control the
growth rate of the money stock the Federal Reserve should perform the
operation of purchase or sale of Government securities. Although the

same requirement is placed on Group I, because of limitation of space, we
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did not discuss the procedure by which Group I would define an operation by
which the Federal Reserve could lower the general level of market interest
rates.

For the sake of illustration, let us assume that Group I would
interpret this operation as purchase or sale of Government securities. This
now opens the possibility of a conflict in the policy advice given to the
monetary authorities. To achieve their goal of reducing the level of market
interest rates, and hence their end goal of preventing a vise in the un-
employment rate to 5 per cent, Group I might recommend that the monetary
authorities buy Government securities making a net increase of $X million
in their holdings of Government securities. Group II may recommend that to
achieve their goal of keeping the growth rate of the money stock below 4 per
per cent, and hence achieve their end goal of preventing the consumer price in-
dex from rising at a 4.5-5.5 per cent rate, that the monetary authorities should
sell $Y million of Government securities. The monetary authorities are
now faced with a decision,they cannot at the same time make a net Increase in
their holdings of Governments and a net decrease in their holdings of Govern-—
ments.

In our hypothetical example the persons charged with making a
policy decision are faced with a difficult decision. If they buy Goveruments
then Group II advises them they will observe a rapid rate of inflation. If
they sell Governments, then Group I advises that they will observe a sharp
rise in the rate of unemployment. All that we require in our paper is that

the policymakers make a rational decision.
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Lf we Lived in g Came ect kuowledge about the ec

system, the process of making their rational decision would be much easier

for the policymakers. We do not live in such an ideal state of knowledge

3

)

the conclusions of the arguments of the two groups of policy advisors sre

conditional upon the truth values assigned to the premises of their srguments.

The policymakers must therefore also carefully assess the evidence each group
of advisors offers for their premises. We listed three questions the policy-
makers might pose to any economic advisor. We cutlined a framework by which
economic advisors could attempt to provide an answer to these questions, and
hence aid the policymaker in making his rvational decision.

The framework of scientific exploration we have cutliined is not a
sure, quick, and golden path to knowledge. Our only claim is that by this
method, taking into account such fundamental conditions as the criterion of

measurement, the statement of initial conditions, and th
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of well-defined hypotheses, the sconomist would be able o
of experience, they could expect to observe a definite change in a segment

of the real world. Also, each group of proponeunts of a policy recommendation
could show the evidence they have for such asserted propositions. Hope-
fully, by carefully stating each hypothesis and by exposing it to repeated
testing by other economists, each proposed explanation offered policymakers

would be fully exposed to refutation by empirical testing.
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