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+ov e THE THEORY -OF; CONSUMER BEHAVIOR: .o -

.+ .PRODUCTION AND THE"ALLOCATION: OF TIME# ::-

-Robert R;:Wiiéoﬁ** R

I. Intrdduction'

- In neoclassical,consumer,theory{the typical-consumer maximizes his.well=
. being, -usually in terms of :a utility function, subject :to a budgetaryfconstraint
[25, 26, 411._ In symbols,

| Mexinize U = Dlxy,..-p%,) subject to

PYFL T Pp¥p T BT = Y
The XpseesyX are usually regarded as positi§e‘flqws of commodiﬁigsé aqﬁ
- the prices pj,.,p, and income ¥ are non-negative and given. Utility in this
case fs not regarded 4 . function of those comodities not consumed.
M‘.H‘If é;rfa;n ﬁathemaqigglﬂcpnditiqns QR_Ehg»Pti}ityvé?d»COPSFF??nt functions
h.ol.d,”, then the.',,r.esﬂ.t.‘s_ usually presented are that the demand functions implied
.éy_gﬁé nééess;fy,cqndipions for qtili;j¥ggx;mizat%qp:areAsingle valugd,,ﬁiffer-
.;ﬁtiabievand hoﬁogeﬁeous of order zero in all_pricesvand‘;ngbme in a neighbor-
R R g e S e CERS : 7, ChyE,
hood of the maximum point.

In addition, the change in each good with respect to a compensated change

in its own price (substitution effect), is negative for all (compensated) price

‘ *Presented at the 1969 Winter Meeting of the Econometric Society, New York,
" 'N.Y., December’' 28,71969." The author wishes to express his appreciation for the
valuable comments and suggestions of Professors John S. Chipman, Clifford G.
Hildreth, ‘and "M: K."Richter of the University of Minnesota’and Professors H. O.
Hartley, Thomas R. Saving, and Russell G. Thompson of Texas ASM University on
earlier drafts of this paper. The errors are strictly contributed by the author,
however.

**Industry Economist, Economic Research Divisioh,,National Marine Fisheries
Service, Washington, D.C, '
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changes in a neighborhood of the price income'point‘unaer conSidefation. If
utility is not restricted"to{be consfantA(tﬁe pri§¢*Changefis.uncompenséted),

the algebraic sign of the change in the good is not deducible. The aigebraic
sign of the change in eéch good with respect to an uncompenséted éhange in‘ifs'
own price also depénds‘on-the'sign.andAmagnitude of the (quantity weighted)
change in the gobd with respect to:a chénée in inéome (income'effeéf). The
income effect logically may be influential enough to cause the.chénge of a

good with respect to its own,price‘to‘berpositive (Giffen éffecf) or zero. Thesé

results are often generalized to the case in which x; > 0, i=l,.,.n7 and

a v o | -
pX P X, > Y. The above results constitute the implications of neoclassical
i=1 ’

consumer theory in terms of ptoperties of the demand functions for the goods

involved.

Tt has been pointed out by several economists:[ 5,6,7,10;30,32,34;37‘]”that
the neoclassical theory of cdnéuﬁef-béhaviqr has Severél shorthmiqgs. One of :
“the more elegantly outspdken'Of théSe ié Kelvin,Lanéaster [34), p.'132] who dejlv
ciarés 6f value theory.tﬁat "it hasnbeén»Shofp_bf ali irrelevant postulatés‘SQ
that it now sﬁands'as an‘éxamplé‘of how to extract the minimum of ‘results ffoﬁ
the minimum of assﬁmpfions.""Neoclassica1 theory yielded_n@”iﬁplications cdﬁ-’
cerning intrinsié properties (sﬁbétiﬁutability, complémentarity,'neutiélity,ﬂ 
etc.) of goods and thebreaction.of7c0nsumérs'tb hew‘¢omﬁodities and to quality
variations [34; p.AiBB}, The neoclassical theofyvdid hotifreaﬁ thé'allocatioﬁ‘
of time and production‘in consumption. = Such problems may usually be,viéwéd as
involving multiple cqﬁétrainfs on Ehe'utility maxizatiOﬁ analysisf(l)i.ﬁxpositions
of neoclassical bonsumé; theory have not usuélly_tfeated multiﬁle‘constpéint
problems with the excéptipn of point ra;iohiﬁgf .Tobin t5§]:sﬁmmarizés the .

consumer behavior implications of point rationing as deduced by Graaf [20],
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Samuelson [41], and Scitovski [45]., It.nill;become apparent that in one of its
simpler specifications the tlme allocation problem may be interpreted as one case

of p01nt rationing

Extensions of the neoclassical theory to overcome certain of its inadequacies

hé&é‘ﬁé&Aii§ involved a nation ofvproductionf of the transformation of flows of
goodsgintohtheEohjeCtSGOf'well—beingﬁon the part of consumers [5, 32, 3@, 37]f
The flows of goods as snchkare”nsual1§ inert in:thesé'theories and yieldyno'
utilitf; It is their transformation into objects, higher order commodities, or
what-have—you of consumption, via production, which conditions the transformed

commodities’ to yield utility @ )

* Such 1deas are in evidence in the writlngs o
“hany other ‘economists [1, 6, 7, 8 , 9, 10, 24, 98, '35, ) 44, 47, 48, 49‘, 52, 551.

‘ This paper attempts to build upon the’ work of Morishima [37] Becker 151,

gand Lancaster [34] and of earlier economlsts [20, 26 24 41] Several models

of ‘consimer behavior will be synthesized which incorporate certain aspects of‘

theAtime allocation problem with a generalized mathematical structure “for con—'
version of goods and time into the COnsnmption ekpériendes( Demand functionsq

for ‘goods and time of diffetent types will be obtained and’ their properties

deduced. Some implications of these models for the study of dem5n65féf recre—:

S e e

ation will be indicated.




II.  THEQRIES OF CHOICE

It seems incredible that economists have endured for'forty years with the
vneoclassicai results:while*making only_adjustments in the utility function(3).
They have;concentrated their efforts onha‘minute subset of a class ofvconsumer
behavior models. It is aiffiqu1t4to conceive of a consumer behavior‘modei in
simpler‘form than the neoclassicalbmodel which specifies that a consumer max-
imizes a utility asia function,of fiows of goods'subject.to a linear budget
'.constralnt. (4)

The model of consumer.behav1or was complicated only slightly by the spec—
1f1cat10n of add1t10na1 llnear budget constralnts in a theory of p01nt ratloning
>If the. ratlonlng devlces are viewed as additlonal currencies the neocla551ca1
results for demand functions are deduced for each of the currencies’ [20, 41, 45]
The result that. demand functions are homogeneous of degree zero holds for each
~of the currencies both 1nd1v1dually and collectively Samuelson [41, P 168]
'deduces that 1ncreasing the number of addltlonal constraints decreases in mag-—

nitude,the (negatiye)’responsewof the‘demand for a good to compensated changes

',1n ltS own price.‘

It seems appropriate to consider some different behav1oral postulates. It

is relevant to envisage flows of goods and the.consumer s time belng combined

‘.and transformed ‘by-a consumer. 1nto higher commodities which we shall call con-
sumption act1v1ties, A consumptlon act1v1ty is deflned to be an action on the
part of the consumer. The production ofhconsumption activities may involve the
use of goods, but always involves‘the'use of time. An example.of'a consumption
act1v1t] is giving a dinner party. The dinner party incorporates various com-

’modities including various foods, various beverages, their preparation, their
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consumption, visiting with friends or family, etc. into one consumption activity.
| Otherexample“f consumption activities include travel, work, a might's sleep,
shopping and recreation of all-types. It seems plausible‘that such consumption
actlvites would be quantifiable, dlrectly measurable and purchasable for a fee.
_Measurability 1s expressed by direct measurment 1f the activity is well defined
(one dinner party)zor_in unrts»of.time, or of;the.good consumed‘orvproduced,
The utility function may be postulated to depend on consumption act1v1t1es

i

directly.\ However,»it seems more meanlngful to treat consumptlon act1v1t1es

as 1ntermediate products;_ lhe consumptionvexperience‘can be broadened_to in—v
clude the additlonal transformatlon of consumption activ1t1es Ainto characteris-
tics of consumptlon S_l The utllity function is specified‘to_havepthe charag_
teristics as arguments.. Whilevconsumption:actiyities are related.to theﬂphysical

(and fiscal) act of consuming goods, characteristics are qualities of the internal

and external environment of the consumer induced by the consumption activity.

They are the sets of attributes of each consumption activity that yield gains

andvlosses“to“theuconsumerf A good or activity may be used in the production
of many characteristics. .Conversely,_a characteristic may be produng-from.:‘ |
manwigoods or actiuities. Goods and activities are exchangeablepin the marketfr
place. vCharacteristics areiexchangeable only through,the exchange of goods or
activities. ZLancaster [34, p; 134] assumes'that'"';. the characteristics pos—
sessed by a° good or a" combinatlon of goods are the same for all consumers and,
‘given units of" measurement; are ‘in the same quantles... f"?Following‘Lancaster
this assumptlon will be made except where 1nd1cated (6 ).‘:With this‘assumption,
subjectivity is: confined to the ch01ce problem between groupings and levels of
characteristics. The constraints on behav1or are all obJectlve.l Thus, given

the measurability of characterlstlcs, consumer theory may -be endowed with an
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(7)

~objective consumption technology which can be viewed in terms of efficiency ‘ ’.

Time may enter into consumer behavior in a number of ways. The case where

time is irreleﬁént'ie perhapstthe'simﬁiest; The simplest nondegenerate:ease“
appears to be one inVWHieh fﬁe'time:conetraint'is'iineef’endladaafive; eﬁd ?re—:
duction requiree time iﬁ?fixed:bfoﬁoftions; Time ceuid be pestelafed.fo entef”
into the productibn of.aetiﬁities eniy,.bf charecteristic only or ofﬂbbfﬁ
activities and cheracterieties.‘ The time constraints could‘allow for'eim—
ultaneous'perfo;mance of aceiVities rether.than one at a tiﬁe:in the‘linear
specificefioﬁ. Time>may’be differentiated as te night from'day, weekdayAfrom:
weekend, etc. Time is a nohpﬁrchesable endowment'to‘the consumer; g

It should be nofed.that the utility function mayjbe specified Sueh that
wdrk aetiVities eeither’direetlynhor indirectly through cheraetefistics can
affect utility. This was an aeeumption used by Becker [,S].tonobtain a dé;i
pendency'emong the'coﬁstrainte.-'iflseemsvapparent that werkvthat genefates '
neither safisfactioe nor disdain is'uhcommon;'.Employed'cohsumers need not
neceeserily be ffustrated.

From the foregoing discussioﬁ it seems apparent that there are many pos-
sible assumptions related to ﬁhe‘pfeGUCtion andvpime allocafion*problems that
could be specified. eSome of‘the.mo;e iﬁtereeting ones inclﬁde;

A. Utiliey assumptions ‘ |
(1) Work activities do not affect utility.
(2) Work activities affect utility directly. :
(3) Work activities affect characteristics, .affect utility.
(4) Consumption activities affect utility directly.

(5) Consumption activities affect characteristics, affect utility. .
(6) Goods affect utility directly. ‘

(7) Goods affect activities, affect utility. .

(8) Goods affect characteristics, affect utility.

(9) Goods affect activities, affect characteristics, affect utility.
(10) Time does not affect utility.

(11) Time affects utility directly.

(12) Time affects activities, affects utility.

(13) Time affects characteristics, affects utility.




_7_

(14) Time affects activities, affects characteristics, affects utility.
(15) Time affects activities, affects characteristics and time affects
' characteristics, affects utility.

- (16) Utility function has a special form.

B. Production Assumptions’
(1) No Production
(2) Production of activities.
(3) Production of characteristics. .
(4) Production of activities and characteristics.
(5) Production without goods.
(6) Production without time.
(7) Production with time in fixed proportions.
(8) Production with time in variable proportions.
(9) Production with time in both fixed and variable proportions.
(10) Production of activities one at a time.
(11) Production of activities simultaneously.
(12) Production functions are linear.
(13) Production functions have special forms.

C. Payments Assumptions
(1) Payment for goods. -
(2) Payment for activities. ‘
*(3) Payment for goods and activities.:
(4) Multiple currencies (rationing).

: hMgny»mqyefassumptions‘could,be stated;a>Fprthetmppe, ;andomly;combiningW

assumptions. from the utility group with members of"thefp;oductiqn.and:payments ;
groups..would.not necessarily lead't0<sensib1e-models,;»ngiexample,:assumption5:

A-10 and B-8 are not mutually consistent. | v e teign s
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ITII. Models

'The first model to be considered is a cohsumer behavigr model with time al-
location that is an adaptation of thettheory of point rationing.
| Medel I: The choice problem ef.a typica; consumer is defined as follows:
Maximiae : ﬁ(xl,...;xn) |
N
Subject to I 'p.x

R A §
i=1

on
t.x.

i=1 1 "l

- where XyseeesX are positive quantities of consumptidn activities, the p; are
prices or fees paid by the consumer to participate or wages paid to the consumer

(8) qON

for part1c1pat1ng in actlvity i W is' a residual wealth parameter

t, is
1.

. a parameter representlng the units of time. requlred to produce one unit’ of X. ;
T is the length of plannlng perlod @ )., Note'that each ty > 0 because x.hls‘an
actlvity. " The model employs assumptlons A-2, A-4, A—12 B 2, B-5, B-7. B 12,
and C-2 ef'the last sectlon.-

It is aesumed that the utility fpnctioh possesees eontinuoueffirst and
second order partlal derivatlves. Fﬁrthermere, there is one free activity

(pi 0) and one that is not free (p # 0) among the n activities. Henee,'not

‘every 2 x 2 determlnant,vanlshes of the matrix dg / dx with elements

1, 2,...,n),
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For;the constrained utility maximization the following Lagrangean eXpression
is developed: '

1- D

xw»wa_H(xli;XZ’iff’*n?q+“3f2Pi?i_f;W?_f n(Ct;x

"o For U to-have-a maximum with ‘the cdnstraints'Satisfied,"it‘is (first order)

fnécessary:that

=0, i=l,...,n

i i

U +Api+nt

Ip,x, ~W=0_
g id SRR

Legx, =T
i
~The first order Lagrange nqussaryncopditions‘gpnsqitute h+2 equations in
3n+3 unknowns_(xl,,,.xn, pl”'f’pn’tl"ff?Fn’ , JWPT>’3 Itlisbpossiple_tp\solve
the,system of equationSufo? xl,...,xn,ﬁ} and n in terms of the~pl’fff’Pn’”tl""’tn’
W.and T by slightly_strengthening.;heﬁgssumptions, A unique solution. exists in
" a neighborhooﬂ_gf'phe:priges.and,timeg if it is assumed that ©.# 0, where

’{Uijlf eyl gD

fpi]’ RO = det ¢

[e,]"

— —l

<

Thus, the formulationxyeilds;the\folidwiﬁg (local) demand functions:

i .

n+l N : - ;
= f (Pli"'spna' w: t ':tns T)'

1o

n+2
= f (pl,...,pn5 W, tl""’tn’ T).
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Those functions fi of the firsﬁ n for which pi is a negative parameter
may be interpreted as Woik supply functidns, say f;,;qg,fr; Then fr+1,;.;,fn
will represent the demand functions of the consumer for consumption activities.
By‘a result on the homogenéity of functibns [54], the 1ineari£y of the time
and money constraints implies that the equations (4) are homogeneous of degree
zero in the parameters of each cdnstraint. The above results are mathematically
identical to those derived‘for the case of point fétioning [53,'p.l526—7].
Homogeneitybof the demand functions in tﬁe parameters tl,‘tz,...,tn, T
may induce some diffiéulty‘in interpretation, It seems grossly hypothetical
. to consider the per unit time requireﬁents and the number of hours in a day
increasing proportionately with activiﬁy demand (or supply) remaining constant.
However, it is ﬁdt difficult to visualize demand'(supply) remaining at a constanf
level when proportionate changeé iﬁnéhe time requirements.are offset by the same
éhange in the length of planning periodl Whatever the interpretation of the

time parameters, the result is the same.

Using the results about demand (supply) functions and Euler's theorem it

can be shown that the price and wealth élaSticities all sum to zero and the

time elasticities all sum to zero for each activity:

=0, i=1,...,n

= 0, i=l,{..,n.

To investigate the displacemént of equilibrium the necessary conditions

(equations 3) are differentiated totally as follows:




Ugpdxy + Ujodx, + ... }+ Ug dx + pydite dn

= (-Mdpy + (-mdt,

“i=1,...,n

pldx1 + p2dx2 + ... + pndxn dw - xldp1 - xzdp2 - .. - xndpn

tldxl + t2dx2 + ... F tndxn dT - xldtl - x2dt2 - ee. = xndtn.

Equations 5) may be solved (6#0) to yield the following rates of change

of demands (supplies) with respect to parameters:

_Bxi ) (—A)Oj’i - xj@n+1,i
Bpj : 0

™ Cn1yg
W 0

»axi’-’_-(—n)ej’i - Xj6n+2,i »

ot . C]
J

for i, j=1,...,n.

It is desirable to obtain res;rictions_on the algebraic sign of the partiqi
derivaqives. For the4utility fﬁnctioﬁ to have a maximum subject to the con- |
straint\keq. 1), it is sufficient that the rank condition and equation 3), and’

in addition that the second order condition hold:




n n
z z Ui.h.h, <0
=1 j=1 b

for all vectors h # 0 such that

L th,
i=1 * *

according to Hancock f22]. Debreu [11] shows that the second order condition
' equatibn 7) holds if and only if _ ' - v J
(—1)’*’@r >0, for r=3,..

where

P "= [pys.-.5p ], and

Using equation 8),' we have

‘ei,i/ 0 .< 0, 1=1,g,,..,n+z.

Oi i /@ of undetermined sign for i # j.
s>
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" ’Applying equations’ 9) to equations 6) we deduce that: *

oX X,

i i

3%, . 3K,
Bt tX o= n)e /0 <0

OX, o, u'y' .
'Hij atj + Xj = (-A)ej,i/e=?o, i# j

: ‘axi : axi"-’-‘ L ~;; I I T

i, j=1,...,n.

The - expres31ons 10) are 1dent1ca1 to the substltution terms f1rst exhibited

,by Slutzky [46] for neoclassical theory except that there .are more of them and
by Graaf [20] and Samuelson [41] for point rationing. It .,.ean.,bs.,s.hqwn;t,txat by

minimizing Zp X, - W subject to Ztixi»— 0 and U(X X ) - U 0 that

X, X,
H... ,——Jﬁ' -That is H,, = ——J-;with~the;restriction that:the utility“level:be:
Bpi ij BPi :
. -y , . ’ ._.= P s 3X

constant and the t1me constraint be satlsfied Equivalently HiJ = (aP ) com-

1,0.-,

._,,(

Apensated. A similar interpretation holds for K The changes in an act1v1ty

iJ .

w1th respect to a compensated change in 1ts own time and money requirements are

both ind1v1dua11y negative. However, since wages were defined to be the negative

of prlces, the supply response to compensated changes in wages is p051t1ve. The

response ‘to uncompensated changes is not deducible. This 1mp11es that the log-

'1ca1 possibility exists for the Giffen effect in both time and money The

e

mathemat1ca1 assumptlon of contlnuous d1fferent1ab111ty 1mp11es that H; 13 = Hji
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Another familiar result from the theory of point rationing [20] is that

Bx
(5 )comp

Bx.
) comp.

That is, actiyities that are suhstitutes with respect to compensated price changes

are also substituteshnith»respect to compensated time requirement changes. Sim-_

ilarly, activities that are complements‘withvrespect to one type of compensated

price change are complements with respect to another. Thisrneed not be true-

for uncompensatedhchangespin papamétéfs; It‘can'be shohn, of course, thatll“is

the'marginalvUtilitj of residual wealth andbn is that of the time endowment;'
Another result is the infldence'ofvan increase in the number of constraints

on the’response of:actiﬁity demand'(snpply)'to change in its own compensated>

price. . samuelson,[4l,.p; 1681 deduces from the generalized Le—Chatelier—Braun

principle that the response of demand (supply)'to compensated changes in price

or time requ1rements dlminlshes 1n magnltude as the number of constralnts increases.

That is, compensated demand response becomes less and less negatlve and compen-

sated supply response less and less p051tlve as the number of constraints 1ncreases.,‘
It should now be clear that to some extent, time may behave as a price

in 31mp11f1ed models of consumer behav1or. In fact Jif all gobds or'activities

were free (pi =0, ’1 l,.;.,n); under the behavioral assumptlons made 1n Model 1

a consumer . ch01ce mechanlsm could operate in a manner similar to the neoclas-

sical theory. bTime would allocate choices according to the neocla531cal resnlts

ifball prices and wages were zero. Such a model would provide a theory of
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choice for a "Robinson Crusoe" economy without exchange in ‘the usual sense.
Tobin [53] points out the eesential differehces between money and ration
currencies. It is of interest to note that time in Model 1 is analogous to
a ration currencyiand unlihe money in thet the size of the time endowment is
independent of the work Supplled by the consumer and that saving (not expendlng)
© time is 1mpossib1e. However, time is 1ike money and unlike ration currencies
in that every activity has a time requirement.
It'shouldvbe-apparent also that Model 1 is a generalization of the labor-
lelsure ana1y51s of Henderson and Quandt [23, p 234]
“ Example Of Mbdel l Suppose for illustratlon, that the typical consumer

engages in three actlvitles, working xl,'restlng x2, and d1n1ng x His utility

3"

functlon is spec1f1ed as:

U ='U(x1, Xy x3)‘

T

1o Syergmy oot o2
FLOTEGL A a B e e iny

_His constraints are

X

PyXq T PyXy + pyxg =
B1¥p F ¥y * ¥y =

Suppose that p # 0 for some i. The flrst order necessary condltlons are that

R

PR
e
R

U + Ap + nt =0

©i=1,2,3
Zpixi =0
Ztixi T.
Those first order conditions may be solved to'yield'the'éupply function,

: 1
Xl = f (pl’ pzs P3, tl’ tZ’ t3s T)




the demand functions,

2
£ (pl’ Pz: P3s tl"tz’ t33 T)
(Pl: pz’ P3! tl’ tz’ t3’ T) ‘

and the marginal utilities of forced borrowing (saving) and of time,

(pl) Pz’ P33 tl’ t23t3’ T)

t T)

5 .
f. (pl’ pz) P3’ tl',' 2’ t3’

These solution fonctions fl .o fS are locally un1que,dlfferentlable,homo—
J

genous of degree zero in pl, p2, and Py and in tl’ t2, t3, and T. ‘- The theory
':provides that (Bx /3p ) compensated is negative for i= 1,2, 3. ~With increases in .
forced borrowings or gifts, we assume that 3x /BW < 0 Bx /BW > 0, and 9% /3W > 0.

If x (Bx /W) is 1arge enough and negatlve, 1t 1is apparent that a backward bendlng

work act1v1ty supply will result even though at the polnt (pl, PZ’ p3, 0) we

» have W = 0. For xz and x3 we have 9x /3p2 <0 and ox /3p3 < 0.
Model 2: Model 2_is a formolation particularly rich in results. It allows
for both production and purchase of activities, and both fixed and variabie=pro~
portions in time and basically generalizes the model of Becker [5]. Assumptions
| specified are A-2, A-4, A-7, A-12, B-2, B-9, B-10, and C-4. The specification
”is as follows: |
Maximize _,U(Xl""’xn> ;)f

-.Subjeoe Fo | f(zl,;..,z R yl, ceesYos 1,...,Tn) =0
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-

xi:= wi'+'fi,*i=1,...,n“'" ’U':i7_,v' o 5)

where x,,...,x_ are n positi&e:aéﬁiﬁitiesﬁhwi;...,wn:éhdﬁzl,...,zn are the
amounts of xl,...,xn purcﬁasgd and producgdflrespectivgly;zyl,...,ym are m
goods; Tl,..'.,Tn are n variable nonnegatiﬁe‘fime inputs; f is an implicit
production function; tl,...,tn are fixed’pef'unit time requirements for

WiseoesW 3 and pl,...,pm, Qyseeesqps W, and T yave the usual definitions.

By substituting expression S)Minto 1) the constrained local extremum
problem is:

Maximize U(wl + zys Wy F Zgseees W + zn) 6)

subject to expressions 2), 3) and 4). It is apparenf thatvvariable time in-
puts will behave as a good, rather thénxasAa;parameter in this problem. Rights
to participate in a produced activity are also regarded as a good.

By differentiating the constraintégZ),-3) é%dA4)'it-Cah be seen to be
sufficient for the Lagrangeaﬁ rank condition to hold that at least two ac-
tivities exist, at least one activity be-producible. froﬁ gqods and time, and
one of the activities have 9, # 0 while another has 9 = 0 . Alternatively,
it is sufficient that at least onme activit; be»produéibie;;énd the price of
one good be nonzero. With this assuﬁption énd continuous differentiability
of the first‘and second order of-the{utility}and constraiﬁt-functions, the

: Lagrangean expression may be formed with the argﬁments as vectors:
e o

= U(W + 2) + A£(2,Y, ™+ y(z wiq + Ly, iP; _.w)
: 1. 1

+ 6(Z tw, . * LT, =T
g ii | 1 .i
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. The first order necessary conditions that expression 6) obtain a max-

imum subject to comstraints 2), 3) and 4) are
[ = U +yq; +6t, =0

i=1l,...,n

oL
98

) (13)

Under the appropriate.conditiqns (040

, the first order necessary conditions

may be solVed for each of the»variables Wl;'f"wn’ fl,...,fn, yl,...,ym,‘Tl,...,Tn,

As Y, and § as functions of the parameters ql,...,qn, pl,;..,pm, W, tl,...,tn,

and T in a neighborhood of the bptimum'point:
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i
Vi = h (ql,...,qn, Pyse ¢ sPps W, tl,..f,'tn, T), i=1, 3n+m+3,
where '

w,, i=l,...,n
1,‘ b ’

i=ntl,...,2n
i=2n+l1,...,2n+m

-, i=2n+mtl,.. ., 3ntm

i=3n+mt+1l

i=3n+m+2

i=3n+m+3

Each function hi is single va}ged and continuous in all of the parameters
and_hemogenous of degree zero.in the pa;:ameeers ql,....,'qﬁ;;_p‘l,;..',pm, and W,
because the money constraint equation 3) is ﬁomogeneous of degree one in the
parameters. The time constraint‘eQuation 4) is not homogeneous of any degree
in t;,e..,t , and T. Thus the_eufficiency condition 154].fof homogeneity of
degree zero of the solution functions_hi‘in terms of the time parameters fails.

" At this point it is uncertain whether the hi are homogeneous of degree zero in
the time parameters.

To investigate the homogeneity of hi in the time parametere; it is of‘in-

terest to examine the admissibility of solutions to the constrained extremum

. problem. A solution yector ‘_7 = (;71, '-~ ""-;n, En,"°:zna 5;1".3 3§m’ Tls"' 9Tn9, >H

Y, and ) must remain admissible after a proportionate change in the parameters
ti""’tn’ and T for the corresponding solution functions hl, for i=1,..., 3n+mt3

to be homogeneous of degree zero in the parameters. Multiplying the parameters
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by a constant € # 1 in equatioh'4 yields

Zetiwi f»ZTi —.eT = (1 - e)ZTi # 0.

Thus, the time constraint is nof sétisfied»by the solution_v after a propor-
tionate change in all ‘the time parameters. Thus, V ié_not admissible after
the change and the demand functions hi cannot éil be homogeneous of degree
zero in time parameters. bThe longstanding homogeﬁeiﬁy property has failed
for time_alloqation. It is élso possible to modify the model sufficiently
to allow.nonhomogeneous deménd functions in.phe money ﬁaramegers (14).' Else-
where' [54], I have shown thatlnqnhomogéneity can result under very general
 conditions. The néoclassical resﬁlt’is a very spe¢ial case.

By:diffeféntiating the first order cbﬁditions‘7) totailf, thé foliéwing
"equationé‘are obtained:

m
I

; 1Uijdwj + qidy +_?id6 =_(—Y)dqi'+,(—6)dtf‘for i

: .2 . z _ C o1
p l(Uij + Afij)dzj +‘£i-dk =(Q for i . i,...,n

n
y y o L (= s =
‘ giifijdyj +_fidx‘+ pidx,, ( A) dpf for i Al,...,m

an T '
AL £,.dT, + £.dy + d§ = Q for'i = 1,...,n
=1 ij 7] it :

n

5 £L4T. = 0
. 1 1 |
i=1




‘n"( sl "\m . : ' : o n .*’ o m AR
Z q dw + I Py dy =dW - X w.dq Iy dp
. i i
1“1 i=1 1—1 ‘

n
=dT - I dw.dt..
v iyep R

Under the assumption that e # 0, the rdates of change of the variables v1

(eq. 9)) with respect to changes in the parameters may be obtalned

v 0. . 6] .
Lo (o i, Bnmi2i,
qu 9 i 0

S}
2n+ij, 1
(-v) —'—7SLL— -

. 0, . 0., ...
=(_5)_%¢£_W.__3£1_*1_gt2;_i,
i _

e3n+1n.+2,i .

o

i _ Osnimis,i
aT » st @» v

for i= ls'!" 3n+m+3'
From the second order conditibnﬁs it canvbe“déducsd’that

< 0 for i= j
i,

© of undetermined sign for i # j.
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as for Model 1. Thus, itxcén‘be deduced that the substitution terms

3w | ‘ BY;T'-:T;U | '”'”-‘, BWi N o
G——O < 0, (5—19 : < 0, and’ ng—) : <0, for i = 1,...,n;

99, comp. o j comp. - » i comp.-

i=l,..., Furthermore, W, and z are deflned to be perfect substitutes in’

- . oz, . _ .
production and consumption, Thus, i __1 by éq 5) and it follows im-
. : . . - aw. . - -
i

mediately that'

9z,
X
9q. -

qJ‘

: i’j = 13-}-,-1'1'; k“:' l,‘...,m

These results are certalnly emplrlcally testable propertles of the theoretlcally’

derived'demand functlons.’ By substltuting 20) 1nto 17) and 18) and 21) into 19)’

and expandlng, the follow1ng results are obtalned

Bz o awL . ow, ' oW,
: i iy _ _*
G2 =cag tv G T G )

ql comp . vaqi

oz, B aw. o B,
aqj)comp . i = Wj - oW ) = - 9q., )




' (—‘“—) .
PRy comp

for 1,5 ='1,...,n; k=1,...,m.
The rate of change of each produced activity with respect to each price and fixed
.time requlrement is of equal magnltude and of opp031te s1gn to that of each pur-
chased act1v1ty for compensated changes and uncompensated changes in time and

, money prices. Furthermore, the demand functlon for activ1ty X;s the sum of the

vamount purchased w, and the amount produced z; is

S §
Xi = h (ql’°"’q ’ Pls'--sp s W, tl:°'°st ’ T)

‘+ (ql’...’q ’ P1"°':P ) W t13---at ’ - T)

for i =’1,..t,n. It is apparent that

axi 8wi Bzi Bwi - e ‘
= + = = ( ‘ f" - .ol 28)
ask Bsh 3sk Bsk )

where Sy is any one of the 2n+m+2 parameters in the system. That is, the demand

(supply) function for X, is very flat in a neighborhood of the equilibrium point.

This result certainly may imply some rather protound stability properties, if it
stands the test of time and applies to a largevproportion'of the acdivities avail-
able. “ | i

That equation 28) appears to be a dubious result is indeed: an understatement.
In fact, it tends to shed doubt on the entire specification of Mode]f2. However,

a re-examination of the specification and the determinant yeilded nogﬁpparent

inconsistences or singularities. If result 28) is spurious, it will '‘be embarrassing;
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if not, such a result should not Be hidden for fear of embarrassment. This
woulirbe neither the first nor the‘last mistake to:be made by an economist.
To dispel fearé of error, activities could be divided into two classes;
those purchaséd and those produced. If an activity could be both purchased
and produced, its purchase gnd its pfoduction céuld be defined as‘separate
activities. This would be appropriate if production of its‘ownihature affected

the utility function. That model would no longer obviously exhibit expression

17) through 28). But those results (‘17) - 28)) would be deducible for a

'particular activity as in Model 2 upon the assumption‘that at least one ac-~

tivity is both producible and purchasible and that production an%,purchase»of
. the activity are perfect substitutes. Two activities can be perfect substitutes
only if they effect the utility in exactly the same way. Impérfect(subStitutionf

will not yield the frightening results of 28). Such a specification will be

given in Model 3.

" There are yet results to be deduced from Model 2. If it is assumed that

oz,

. . : s . ‘ ) 9z, :
in production increases in inputs. increase outputs, >0 and i > 0° then

/A oT,

i 9%
T, - " ar, <0
1 B N

for i =1,...,n and k = 1,...,m.

It follows under certain conditions on f that

dy
(= <0

9
93 comp
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<0,mri=Ly”nmdk L“”m_

.-+ comp

‘Knowledge of the production functlons should yield 1nformation on the relatlon—
ships among goods yi,...,y ’ among.time 1nnnts Tl,:..,T s betweenbgoodsvand time
- inputs, and their influence on activities zl,..,,z ’ both for compensated and
uncompensated' changés ‘in ‘the parameterst*‘Thus the' demand  functions are much-
“more ¢0mpletely described in terms of 'their rates of ‘change than'éither'in‘the_
neoclassical theory or Model' 1. The relationships among activities, however,
“istill are undetermined. The reader should-keep,in mind throughout the discus-
- sion that rates of change are . evaluated at the equilibrium points.
The possibility of Giffen effects remains as with Model 1. It is necessary
only to recall that the signs of a portion of the compensated rates of change
Vwere determlned Uncompensated rates of change are still indeterminate. Also,

the symmetry condition is the same as with Model 1 and for the same reasons:

H,. =H,, and K_, = K__.
i it ij - Tid
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The interpretation of the Lagrangeane multipliers A, vy, and § are,
respectively, the marginal utility of production %%-, the marginal utility
. R .

of residual wealth W and the marginal utility of the length of planning

beriod-i%.
One résulﬁ thatvﬁayvbe.héatly disposed of in Modél Z‘is,thevintroduction
of a ﬁew good. New goo&s are inpﬁts-in peruétion only and do not alter the
utility function. Only the objective productiqn relationships Qary and the
impact of the new good coméé through them alone., The utility function must
vary, however, when the introduction of a ﬁew good induces a new activity.
Results that carryVOQef basicélly unchanged:from Model 1 include the
invariance of the intrinsic relationéhips betweenvactivities, géqu, or time
inputs when gping'ffom mpneyvbriééé to timé prices. Alsoviﬁcluded‘is'that
the magnitude_of the suﬁstitution terms is ﬁonincreasing éé the_nﬁmber qf con-
stréintsvis increased. The definition that work is a Consuﬁption activity ié
obvious(from’thevspecificgtioﬁ, | | .
Model 3: This model is a fine tUrningfof Modél 2 to alleviate the aﬁthor's,
1ack of enthusiaém for~p¢rfect éubstitution and subsequent locally flat demand
(supply) functions. The speqification ié aS foll§ws:

Maximizev U= U(xi;.,;,xﬁ) SRR _ “ . 1}

igubject to ‘f(xr+l”'f’xn"Yl""’Ym’ Tr+l"'°’Tn) =0 2)

r : m
g
roagx; tLop

Y.
i=1 i=1 7

r. RN ¢ §
£ t,x, + I T,=T,
=1 50 d=rel T

where xl,...,xn are work and consumption activities, the first r of which are

purchased and the remaining n-r are produced and the remaining variables have
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the same definitions as in Model 2.

Demand (supply) functions may be deduced under the appropriate conditions:

which express xl,.;.,xn, Yyseees¥p and Tr+l""’Tn’ and as locally differen-

yeee,t_and T. The are
1 T y

tiébié'f;ﬁétions of ql,...,qr,.pl;...,pm, W, t
homogéheoué of degfee zero in the ﬁoney parameters ql,...,qr, pl,...,pm and
W..:wae§er; ali of the demand (supply) functions cannot be homogeneous of
degféeréefo in:the time parameters tl,...,tr aﬁd T because of the form of
equation 4). If the money constraint equétion 3) were respecified to have

the séme formbas’4) the homogeneity result for money (one of the fundamental
tﬁébremé of economics) would also fail: An example when it does fail is when
thé éoﬁsﬁmer plays poker as én'activity. \Money then may be viewed as a varia-
ble iﬁputbin the production of poker.

The implications for the compensated and unéompensated changes in demand
functions are the only areas in which Model 3 yields' results that deviate
from those of Model 2. Model 3 does not exhibit properties 17) - 28) of Model
2. Héwéver,,for some pairs of activities, perfect substitution may be appro-
priate, in which case equations 17) - 28) will indeed hold. There is some
Vﬁbdifidation in ‘equations 10) - 15)'and in the determinant © for Model 3 as
lébmparéd'to Model 2, but the only substantive changes are with respect to
perfect substitution.

It isvapparent that perfect substitution is a limiting case of ordinary

X, 9xX

‘substitution. That is, 1) > 0 if and only if 3%, < 0 because
j comp - j
90X . . ’ ,
(——29 <0. Thus, in the case of less than perfect substitution the signs of

j comp

expressions 17) - 26) are determined, but the magnitudes are not equal. 1In
' X, . :

the limit, as SEE- approaches -1, it is apparent that equations 17) - 28) hold
3 v o
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as limits. Thus, as a limiting expression, 28) implies that demand (supply)
functions for the sum of reiated activities become increasingly locally flat
as the degree of substitution-between the activities approaehes~perfection.
The equilibrium of a consumer thet fits the formulation of Model 2 is extremely
stable with respect>to changes in any one of the parameters. It should be
possible to generalize thlS result for an economy of individuals that obey the
assumptions of Model 2. Empirical ev1dence ‘of perfect substitution would thus
be empirical test_for stability of equilibrium.

vResults of e somewhat similar nature may be deduced for complementary
ect1v1t1es and the limiting case of perfect complements. First, it should be
noted that in a perfect cogilementarlty relat10nsh1p,-§§%~— 1 and that with
imperfect complementarity, 3;% > 0. Thus, (axi/qu) comp < 0 if and only if

'ax'/axj > 0. Expressions analogous to 17) - 26) of Model 2 can be inferred

for complementarity from the foregoing results.
' Example of Model 2 and Model 3: Suppose that the typical consumer has avail-
’ re'sting'x2 3°

obtain dining in either of two ways; by the purchase of the right to dine w s
B ’ [

able to him three activities, working x and dining x He may

1
or by production of the right to dine by growing food zg. Growing food requires
variable amounts of fertilizer y and time t. The consumer's choice problemvis
characterized as follows:
Maximize» "U =vU(xl, Xy, x3)
Subject
»Jec ,tor X3 W3 f 23

2 2
zq = at + by - cty

XPy T XpPy + WaPy + ¥R, =

’ xlt1 + x t2 + W3t3 + Tt=0.

where it is assumed that Py # 0.




The ‘Lagrangean functionm® ‘2 sic.io .

L= U(xigﬁxz,'w3~+ 23)-+ Alat™ +'by” = c1y - 23)

wolg y(pixil+ péXé + péW3:+ P;§)

+6(t11+tx2+t3wa+-r—'l‘)

yields the follow1ng f1rst order necessary gpnditioﬁs for a relative constrained

' max1mum of U

- A(2by = et) + ypy
A(2at - cy) + §

arz + by2 - CTy -~ Zg
Pp¥p T Pp¥p ¥ PgVy TRV =

tlxl + t2x F t3w3 +r - T =0,

Under the condition that 0 # 0 (15) the flrst order conditlons 1) may be solved for

X715 xz, w3, z3, ¥, T, A, Y, and 8§ in terms of the parameters a, b, c, P> Pys p3, P

Al

t» tss t3, and T, The solutions may be expressed as

vy = ht (a’b’c’pl’pZ’pB’PY’tI’tZ?tB’ and T), for i = 1,...,9.
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The example points out a general principle that may Be easily éverlookéd”v
in the maﬁhematiés. The éolﬁtién functions'depénd on all of the parameters in
| the extremuﬁ problem. This includes those in each cdnstraint and also in the .
objectivé function [54].

.The demand (supply) fuﬁctioné hi are each diffefentiable, unique, and
homogeneous . of degree‘zero in the ériges pl; Pyr Py and‘py..'ihey are not-
‘homogeneous in a, b and c, hor in tl’ t2, t3 and T. Again, the demaﬁd function
for Xq is h3»+ h4 bécause of pérfect substitution.

' With 0 # 0 the‘fiist order conditions may be differentiatedvto obtain
i -v) e N Eé;i.“*- =1, 2 ’
b, Y78 *1 7o PE LG

(A‘A)"2T96sj - 2197,3 >
C] C]

(=2) 2ye5,] - 2ye7,j»
' I 0

(-0) (~185,1 - ¥ 06,1) + 2tyel,i
€] C]
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Expressions 2) - 7) are rates of change of the demand (supply) functions
of the usual form derived for Models 1, 2, and 3. Expressions 8), 9),
and 10) are ratés of change with respect to the technical parameters.
Expressions 17) - 28) of Model 2 hold for W3 and z3 so that the demand
for Xq5 h3 + h4 is locally flat. The sign and magnitudes of certain of
the compensated and uncompensated rates of change can be deduced as with
Models 2 and 3. The perfect substitution between purchase of dining and
the production of dining, of course, is implied by the implicit assump-

tion that production of food does not affect utility. This is undoubted-

ly quite heroic.

Model 4: Up to this point we have omitted one important behavioral as-

“pect in order to be able to attribute meaningful conclusions to the ap-
propriate premises. It is apparent from the: previous analyses that a
knowledge of the intrinsic subbtitutability or complementarity of goods
or activities from the produétion relationships implied much information
" about the relative signs of the compensated rates of change of the demand
functions. Knowledge of the intrinsic relationships arising from the
‘ﬁtility function was not deducible, however.

In order to make deducible more of the relationships between ac-

* tivities, a concept used effectively By Lancaster [34] is employed. The
i'iébécification that the ordinal utility funcfion depends on the physical
Uand psychological attributes of consumption, or "characteristics' as we
have called them will aid in further determining the intrinsic relation-

ships for combinations of goods, activities, and time.
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The consumer choice problem is specified as follows:

Maximize U= U(vl,...,vg)

Subject to f(vl""’vé’ xl,...,xn) =0,

g(xr+l,...,x

n’ Yl""’y b Tr+l""’ n

m

r m
L x.q.+ Ly
i=1 7t i=1

iP; =W

r n -
rx.t,+ I T, T,
. ii . 5
Ci=1 i=r+1 T )
J
where v.,...,v, are characteristics of consumption; x.,...,X are work and
1 ’hs 1 n
- consumption activities;vf'is an implicit production function transforming.
activities into characteristics; activities Xr+l""’xn are producible
through the implicit production process g with goods YyseeesYp and variabile
times T

r+1,_:..,Tn as inputs; and activities XpsweesX are purchaslblg with

‘prices CPERERRL and fixed time inputs tl""’tr'

Model 3 employs éssumptions A-3, A-5, A-9, A-14, B-4, B-9, B-10, and
C-3. It does not explicitly assumé any perfect_substitution in productién.
However,,since Mode1>4 is a generalization of Models 2 and 3, results on
perfect substitution can be obtained as a special case.

By forming the Lagrangeén expression in the usual manner'and with the
appropriate companion assﬁmptions, the first order necessary cbnditiohs for
a maiimum of 1) subject to 2) -'5) are as follows:

oL

A
v, | il Ay =0,

3L
%, = M+ 8q; + e =0,




X . 0X
MY +ove]

Yol
vg; + 6p,

‘ \'Ygi+nv—9,

7_f(v1,,.,,ys,7xl{..

=.=g(xﬁl,...-,xn,- Ypsewes¥os Tr+l""'"Tn)' =0

‘r “n
L oq.Xx, + I piy, -W=0.
g=1 T g

oc it b I T -T=0.% R 14)
"=l tt qern "

Under the condition that 0 # 0 (l6),fedﬁations 6) - 14) may be solved in
the usual way for the demand and supply functions z, = hl(ql""’qr’ PyseeesPps

W, tl,...,tr, T) where'zl is any one of ‘the s+r+2(n-r) + mt+4 variables in the
problem. - The hi are.uniqﬁe, differentiable, and homogeneous of degree zero

in the money parameters Qi;;..,qr,~pi,;..,pm,-and W. They are not homogeneous
of degree ze;b in tyseeestys and T. They also depend on ﬁhatever parameters
jtﬁére are invfhe utility function U or iﬁ either of the production functions,

“fror g, but zero degree homogeneity does not, in general, hold. Again, the

money constraint. 4)-and the activity production function 3) may be respecified
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so ‘that zero degree homogeneity of the hi does not hold in the money par-
ameters. Thus, (demand) functions for each cﬁaracteristic,~each work (supply)
or consumption (demand) activity, each goo&, each variablg time input (time
good), and each Lagrangean multiplier are obtained.

Wading through the mathematics to investigate the displacement of equil-
ibrium again seems annoyingly redundant. However, certain results should be
noted. First, there are no direct time and money price effects for the
characteristics, producible acitvities, or time 'inputs. The direction of
compensated price effects for these quantities must be deduced from the com-
pensated price effects of goods and activities that have tiﬁe and money
prices and the marginal rates of substitution of quantities one for the other.
Under the appropriate mathematical conditions and tﬁe second order sufficiency
conditions for a constrained extremum, the direct compensated rates of change

are:
9x

i ,
(Bq.) B (_6)Os+i,s+i < 0, fori=1,...,r.
i comp. ] .

Bxi _
G = (-n)e_.. .. ) :
ati comp. sglgs+1 < 0, f§r i=1,00.,T

9y .

1 .
(Bp.) = ( G)Os+n+i,s+n+i <0, for i=1,...,m,
i comp- - , ‘

of . 9z
To the extent that the signs of = e and a‘j are obtainable from the pro-
X, Y.
i

. i d . )
duction relationships at the equilibrium point, the signs of

. 9z, :
G ., GeD , and
93 comp, r comp * Hi compe

for j = 1y..., s+rt2(n-r) +m + 4, i = 1,...,r, and k = 1,...,m, are known.
The intrinsic relationships between the characteristics vj depend directly
on the utility function, so that the production relationships provide incom-

plete information about those of the characteristics{ All of the other results
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derived for Models 2 and 3 may be obtained as special cases of Model 14.

In addition, the introduction of a new godd or activity affects dnly
the production relationéhips, provided that no new characteristics are
ihtrodhcéd“iﬁfb’thé space of charécteristits. Thébéreatioﬁ of a completely
new characteristic is regarded as a relatively rare event. That is, under
the assumptibnslthat.new characteristics are relatively rarely introduced
and that preferences are relatively constant, the choice mechanism under-
goes relatively unimportant changes with the introduction of new goods.

Another aspect of interest is product differentiation and advertising.
If more information helps the consumer to better distinguish between iﬁputs
in his characteristics generating process, consumer technology is increased
and more efficient choice is made. Since this analysis extends and makes
thevanalysis of Lancaster more complete, the reader is referred to Lancaster's
discussion on the same topics [34, p. 149 £f£f.].

Using the framework in Model 4, it seems possible to shed light on the
notion of the quality of a good or activity. Basically, the quality of a

good refers to its potential for yielding characteristics. Quality differences

generally refer to different levels of potential for generating characteristics.

If a good or an activity has variations in quality, those quantities of ex-
actly the same quality constitute a good, while those of a different quality
constitute a different good. The goods that differ only by quality variations
are expected to be very nearly perfect substitutes. I discuss these issues
in greater detail elsewhere [56].

A note on the measurability of characteristics seems necessary at this
point. It seems unlikely that the set of characteristics of consumption will

be isolated without the aid of psychologists. Indeed, will they then be isolated?
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Is it too much to expect them to be common to all consumers and, furthermore,

measurable? It seems possible that all of the empirically observable consumer
behavior may be embodied in activities, goods, time inputs, money and time
parameters, and the production relationships and demand functions associated
with these goods and parameters. At least, this much provides us with con-

siderably more to work with than we had with neoclassical theory.
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IV. SOME APPLICATIONS

I S
G

The 1nterest and much of the behav1oral intuitlon g01ng 1nto this analysis

i

have arisen from efforts at the spec1f1cation of empirical econometric models

of outdoor recreation demand and supply structures. The 1iterature is exten-

( ) :=!-,s,.

sive s but some summarization of practice seems necessary Economists
and others studying recreation often obta1n some cross sectional data on time

mspent particlpating in a particular recreation activ1ty per time period

number of trlps to a particular recreatlon 31te, fees paid time and distance

s

”required for travel to the recreation site, facilities used total quantity

of fac111t1esﬂand';oss1bly their capacity in some surroundlng geographlcal
'region, socioeconomic variables,retc. Usually; a linear relationshlp 1s

: R I, ¢ Loern, S
: estlmated the dependent variable of which is either the number of trips to the
site per period or the amount of time spent participating in a particular
. U SR I N aia
recreation activity. The 1ndependent variables used may be any combinations

, R S s O TR SO G

virof the above variables. The resulting equation 1s usually labeled a "demand

ufunction ;‘.The economic theory referred to is generally of the two dimensional
diagram variety Wthh is 1nadequate even to illustrate Model l The resulting
confusion is a mish-mash of references to travel distance or cost as a proxy

for price; fixed and variable recreation costs as replacements for prlces,
supply creatingnlts own demand” etc.4“

Employing the theory of Model 4, it is apparent that a structure spec-
ified for recreation demand should view participation in a particular recreation
activity, visits to particular sites, recreational travel, etc. as consumption
activities. The recreation facilities,'transportation facilities, special

equipment, nonrecreational goods, etc. are goods inputs and the variable

participation times, travel times, visit times, etc. are time inputs into the




recreation production procesé. The money and time parameters are respec-
tively‘fees fqr-pqrficipaﬁion,‘éntrance feeé, é;iééé”of‘goods ard facilitiés
employed in travel,‘usé feeébféfAfacilifies, fentélsﬂén equipment, wages,
prices of othér }élated goqu éﬁd-éctivities, aﬁd.the'wealth parameger for
money and thé‘fixed time inéuts for purchaséd activitiés‘and the length éf,
plannihg period<fbf time. If'the prbduétion pfocess isvknown of has beén
estimated, the intrinsic substitution, compiementarit§ aﬁd independence
relationships will be available to be used és hypotheses. Thé theory im-
plies the‘specifiéatipn aﬁdvesfiﬁation bf,demand}reiationsﬁips for each of

the recreation and travel activities, the services of facilities, equipment

and goods'(along.with the jbint supply rélationships), and the variable time

requifements és fuqctioqs of -all of the parameters.

| The services éf éifreeway'érvéuperhighﬁay as é.transporta;ioh good may
" be viéwed ih thevcoptexf of Modellé.l If franspd?tation from point A to pqint
B is'viewed as a clasé of;aubséiﬁﬁte adtiﬁitiéé and;ali fogﬁes.frpm A tov3>
yield thé same charapteriqtiés;vthen}the féUte'thSen;sﬁéuid be the one
with the smallest fikqd time réquirgmep;, Conéuméré then substitute tﬁe
éerviéeskqf';he $upéfhighway‘o;.freeway.fof oﬁher :outés becau$evby sé

”&oing they are‘able to reducg_their ekpenditures‘of'time in transportaﬁion(




. VI. CONCLUDING REMARKS

LTﬁis paper has developed the esSenﬁiél compodenfsibf'a complete theory
} of:chbice"that‘incorporafes the time alloéatidn pfbbiem and ‘its economic
felevéﬂéé;chﬁeAline of theoiy that culminates in Model 4, 6f cdurse,‘gén-
eralizes the neoclassical theory and those tﬁéoﬁiés of Béékéf.[S]'and‘
Qﬁénﬁéster [32; 34]bénd increases the empirical relevance of each. From the
?1istwéééuhpfions provided, it is aﬁparéht'thét’many alternative models of
'BehéviOr'caﬁ'be investigated and their impiiégfiohswfor demand analﬁéis
deduced.

| The mathematical technique utilized is about as simple as is available
having been used in economic theory at least for most of the present century.
Indeed, the technique is usually neither regarded as modern nor contemporary.
However, it is well understood throughout the économics profession and lends
~readily to generalization and abstraction.

It is apparent that the time or money substitution and resource effeéts
as components of the rates of change of quantities with respect to changes
in time or money prices is indeed as‘Hicks pointed out [25, p. 309] the

"Fundamental Equation of Value Theory". The fundamental equation is basic

to Médels 1 through 4 as an outgrowth of the mathematical technique.

Other results obtained include the illustration of a dual role for time
as a price and as a good; the nonhomogeneity of demand functions in general
in time parameters and also in money parameters; some results on perfect

substitution as a limiting case of substitute goods; that intrinsic properties
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of goods and activities may be completely specified through knowledge of the
production procésses in terms of the algébraic signs of compensated rates of
change; that intrinsic relations between characteristics depend on the utility
function in addition to the production processes; some results on the intro-
duction of new goqu and activities, adverti$ing, and product differentiation
that agree dlosely with.these of Lancaster [34];‘and-a definition of the

quality of a good or activity.

It is apparent that Model 4 very likely is not the final form of the

"New General Theory of Value" but is indeed a step in that direction. There
probably is enough of interest contained in the classjpf models visualized

here to keep economists (and psychologists) doodling for a while.




FOOTNOTES
R i IR SN LS S
IR S . R Ll Lol "‘f-‘.'.‘ LML Loe RS F NS VT ks - . :
(1) . Becker:[5] built.a dependency into his éonstraints that allowed-
several constraints to be:combined .into ‘one "resource' contraint.:- Thus
his model of time allocation is not a multiple constraint problem.

(Z)ﬂ'Iheségbbjeéfsibfwébnsﬁmpfioﬁ are céllea_objectives, higher com- -
modities, characteristics or attributes by. Hicks.[24].-and Morishima. [37],
Becker [5], Lancaster [34], and May [35] respectively.. :

(3) "I do'not ﬁish't§ belittlevény of.ﬁhe_effﬁpgé in the areas of _
separable ‘utility, additive utility, measurable utility, integrability of
demand functions, ‘revealed preference, dynamic consumer choice,. or any.

of the mathematical abstractions [3, 4, 12,13, 14, 15, 16, 17, 18, 19, 24;.,. -

.27, 29, 31 33, 35, 36, 37, 38, 39, 40, 42, 50,.51, 56]. In fact, the work -
on separable -and additive utility functions has much in common with the .

approach ‘in this' paper [3, 18, '19, 27, 37; 39, 50, 51].

remains that with the exceptions of the' theory of ‘rationing-and some abstract
notions-of. budget sets, the single'lineéf”budgétlcgnStr in “behavior h _
remained :as a:sacred entity in economics ‘up ‘until ‘Becker [5] and Lancaster '
[32, 34]. e T e gxaw.daftfjﬂ:-~’ ST

 (4) A linear additive utility function may be regarded as ‘simpler.

(5) - This analysis subdivides- Lancaster's production relationship. i
Goods and time are transformed:-into intermediate' quantities called'consump-
tiqnnactivities;by;one production process and :then consumption:activities

‘:HQWever,xthé;pdintf\;l?

Eing‘qn“behaviqt;ﬁésﬂfg“%hw{

‘and are transformed into characteristics of consumption. ‘The ‘model reduces ' = <" =

to Lancaster's model if the transformation of goods into consumptioni: -
~actiyities is one-to-one and onto, and time is omitted. Subdividing the
production relationship in this way. incorporates a mechanism in -the theory -
to handle choices between various levels of putting the goods and time
together into consumption activities by the consumer oxr.of direct purchase
of the consumption activity.’ Its relevance-to' time allocation problems is
obvious. S ' ' :

(6) It has been pointed out by Brems [7] and Chipman [10] that measur-
ability and commonality of characteristics among consumers are heroic
assumptions at best and that commonality should be empirically tested.
Continuity of the utility function requires that the consumer act as if he
can measure infinitesimal differences in characteristics [56]. Engineers
‘typically require only finite error tolerances on the finest of precision
measuring instruments. It seems strange to assume that consumer judgments
are calibrated to infinitesimal precision, but not so strange to assume that
consumers act as if they are. If consumers act as if their measurement of
characteristics is perfect, but in reality it is not, then behavior will not
be:repeatable. I have referred.to this:as the behavior of the "spastic con-
sumer" [56]. This lack.of measurability. may be a principal reason that
estimates of demand relationships from individual consumer or household data
tend to fit poorly.




(7) For example, see the’ dlscu531ons in Brems [7], Chlpman [10], Lan—
caster [32], and Scitovski [44].

(8) The n activities contain all activites participated in including
all income earning and income expending activities. The p; for work activi-
ties are negative but for all other activities, nonnegatlve. In one sense,
the pj may be the fee for the right to perform an activity. ' ‘

(9) W does not represent income as in the neoclassical model. All
income and expenditures are generated within the activities. Usually W=0.
It is a residual that must remain after the earnings are balanced with
expenditures. If W < 0 it may represent a previously prescribed long term
level of saving. If W= 0 it represents that all income is spent, except
that current saving may be viewed as an activity. If W > 0, it may repre-
sent a debt parameter that must be achieved exactly. These may be called
parameters of forced saving and borrowing.

(10) The parameter T may be viewed in more than one way. If T is the
amount of time in a specified time period, say one day, it is impossible
in practice to vary T parametrically and interpret its meaning. That is,
if a day were longer or shorter, consumers would adjust in a certain manner.
However, it seems much more sensible to ask for results in a planning period
context. If the planning period were one day, what would happen if it
were one-half day or two days? The assumption is also being made that there
is only one kind of time. : o < ;

(11) of course,.other constraints are likely relevant in the short _
run. The work week might be restricted to 40 hours. There might be restric-
tions on credit, The amount of sleep required per day ‘averages approx1mate1y
8 hours. These restrictions will vary from consumer to consumer and will be -
deleted from this analysis.

(12) Also we obtain
a(=2) = &P 91 ot~ *i%1,0m
BPi T ' Q ‘

(= n)e -X.0

a(-2) _ ontl i n+2 n+l

ot,
1

B=2)

3T

9a(=n) _ - i,n+2 Xien+l,n+2’
9 Pi '

- X042, 02

3(=n) _
d t,
: 1

5(~1n) _ _ ‘nt2,nt2
a T o 0
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(14) If the consumer particiéates 1n‘an'aqt;v1§y ﬁhagluses money as an
input, e.g. gambling, speculation, Qrieven‘ipvestmeg; #Q;sgocks, bonds, etec.,

the ‘money constraint becomes . ; R
. L . .. . et e M

i

By FIygpg t Wy =W

and the prodgctionffunctiqngié“ﬁ(z, Y, T*, W¥) = 0. By the above argument,
the solution (demand and supply)' functions hl are no longer homogenous of
degree. zero in q.,...,q_,p,5...,p. and W. Proportionate changes in prices
(inflations and éeflatigns}‘now eFfect quantities consumed!
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(17) The author will provide a bibliography of the recreation economics
literature upon request.
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