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This paper proposes a treatment of quality wvariations
based on a lexicographic preferences azsumption. The main result
'.:‘.5 that the average quality of goods consumed is hipgher at higher
incomes which, though commonly shserved, is not explained by

standard theory,
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i. Introduction

The aim of this paper is to present a new theory of consumer choice

where there are quality differences among poods. Section 2 gives a quick

;‘evi&w of lexicographic preferences, which provide i more peneral framework
for the anatysi=z of choice by viewing urility as a vector. Section 3 trears
@ special casze that parallels standard theory in assuming strict quasi-
cnhua;&ty for each component of the utility vector. Thiz restriction is
relaxed in Section 4, and Section 5 considers the guestion of qualities and
draws zome implications under price and income :hanges..-Tﬁe main result is
rthat the average quality of goods consumed is higher at hipher incomes. It
iz also a consequence that almost always, higher quality goods will Le
substituted for lower quality ones if any of their prices iz lowered,
provided of course that they were among the consumer's purchases to begin

with.
2. Lexicographic Utility

Let the utility of x, & point in consumption goods space, be written
as ulx) = Euiix}, u,{x), ...} where the ith component correspends to the
ith most important critericn or dimenzion of choice. The wderiying idea is
the existence of multiple needs and desires which form a hierarchy according
o priority or importance. Those belonging to the seme level in the hierarchy
are subsused under the same uwtility component, and ui{x} = ujf}r} Ty
preferalile to y on the hasiz of the ith criterion. Like the standard

urility funetion, . is unigque up to a positive monctone transformation.

The usual textbook statement of lexicographic preferences is that =x

iz preferred to y if the first nonvanicshing difference ui{x] - ui{yﬁ,
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1=, 2, 2ua, iz positive, which we will cal) L orderping. Most
economists are correctly skeptical ahowt The analytical uwoefolpess of L
ordering, for if 2, iz ztrietly quasiconcave (as iz often assumed ahout the
standard utility function), this suffices to determine choice and therefore
the other components of wtility beyond the first are redundant. Georgeszcu-
1 _ : -
Rocgen (1954}~ has made clear, however, that a more usefnl representation

of the preference relation iz different.

o

r " i 1 \2
Given the funection u lat u:l-: dencte a "satisficing™ leve ;---'5I|l sggelby

;7
that if uill.'x} z 11'? and ui{F} z uff, then a person would not decide hetween
them according o o (say food waluel but on the basiz of =zomwe other
dimension {]'uh'-_hapa tazte in-the literal .-.:»zn.‘sa}.i"r Writing viix} =

min {u.(x), w¥l, the basic postulate of what we will call  I# ordeving is that
» is preferrad to y if the fiver nonvanishing differense ?i{x]l = -.r_t{_:;'l,

=1, 2, ..., is positive. The effective utility, so ro speak, thus associsted

with = iz wix} 7{?1{:-;}, "-r,:lh-::",.._.} instead of the ulx} of L ordering-

Let' p > 0 be the price vector and Y > 0 the hudpet =o S, =

ot < - £ . -
£ = 0] plx = ¥l is the budget consiraint zmat—-it will be uvndercracd
; e -
throughout that x z F--and write
- 1 fo 2 1
8, ma {'-'ill'_:-:ll xes. ! gratl SRy T
g. = fxes. foubo = el t =12 ()
i 1=1 3 a il e
Then 5%, the choice on S iz given by ' -
= : :
s Sﬂﬁsiﬂﬂsﬂ... - (3)

One considers first only those x's whose ui{x} = |E|-1 and drops everything
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else &5 a pessible cholee. If S, is a many-element ser, which is likely

1
- -
if El = uf, the second sSTep Selects only Those x's whose u?fxl = a?,
giving 5, C e and =0 on. Every succeeding dimension thus narrows the
selection.

For simplicity It will be assumed thar piven any =x there iz an i
Such that u.{x) < u¥, ruling out total sariation, and that given any y ¥# x
there iz an i such thar “it“} S viiy}, ruoling ocut complete indifference,
sc that 5% is a singleton ser. Unless stated otherwise, the indicez k

and  j will be used to denote 8. as the first 6. <ur in (1) and Si

k
4z the first szinglerton Ei in (2¥. Since all 'u? (i < k) are attainable,
we will refer to w, o as the priority objective, or simply the ohjective, and

Since one will want to maximize uj[x] snhject to X € Sj 1*

u:.I Wikl be

called the maximand.

In the next section, standard results will be placed in a broader

setting.
4. A Special Case

It iz clear that if 68, < u®? and the fimcrion we. 1= strietly quasi-

i i1

concave , then Si iz a zingleten. Suppose each U iz strictly quasi-

concave. Then k = j, 8. = u? For all i < j, and the problem for the

¥

: Cili : < .
consumer iz to maximize uj{x} subject to p'x =¥ and uiix} uty

&

= 1, .vay j-1. The Kubn-Tucker conditicns below, suppressing the
superscript in the optimal “ﬂ exeept when needed for greater clarity, are
necessary and sufficient to. =olwe the problem (Arrow and Enthowen 1961,

Theorems 1 and 2):



£5

Y - p'x = 0 ()
(¥ - p'x)}, =0 {5}
a (%) - u Zo R (6
L]
Eui{x} - u¥)d = 0 S B (7]
o 12
q =]
Hr—pr?- = [} B S K R (8]
{Er = P‘r?bljxr =K = J-a_. = n g n {91
% = q ; ' ; ; (10}
1o . (113

where A= Hﬂ, Mps ees ?-tj_l} iz a wvector of Lagrange mnl'.tip]i!rﬁ, By, =

Buif"fixrg and

U: =.u +Ej'11 u (123

r - A e

Some implications are straightforward. Since U.* 0 for scme o
(otherwise the consumer would be at a ﬁni‘nt of complete satistyl, 4, >0
from (8) so Y - p'x =0 in (%) because of (5}. From (B) and (4},

X, =0 if U:‘.u"'pr < X {13}

Urfpr = Jh if x >0 (1)
and therefore

D S, T, > e

which have simpler analogues in standard theory. With utilitj.r a5 a vector,
% is the "marginal urility™ of inceme. Looking at (4)-=(12]}, nulti;-ulicatian
of {(p, ¥} by a positive scalar will change }'g but not ':l:ﬂ;' i.e. the

demand Ffunetion £, :cﬂ = fip, I}, 3= hrm::_génmus of degrestTero.
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In crder to see the effects of variations in p and Y sipilar to
familiar cnez, comsider the case where such variations leave the sets J =
{#] %, >0} and k= {r] x, > 0} wunchanged. As Appendix A shows, one

obtains the Slutsky-type equation
3§5fapr = Exs;?pr}?=aanst Tl axsfa? fLe

where V i= & vector whose cuwﬁnnenta are u. (ie J) and B From
MeXenzie (1957) or Hurwicz and Dzawa (3971, Theorem 1)}, which do not require
the preference ordering to be representable by a real vﬁlued utility fimetion,
The matrix of substitution terms given by (16) is symmetric and negative

semidefinite,

{bserving that nothing in Section 2 precludes uj being a funetion of
Bis eeey By, thus permitting tradecffs among different iriteria within the
camﬁanant LT the standard theory of consumer choice can be thought of asz the
special case where each u, iz strictly quasicencave and all of (£} are
satisfied as atrict imegualities. Then, every % =0 din (7}, (15) reduces
to the usual ujr;hjs = prfps, and (16) reduces to the standard Slutsky
equation where only the value of the maximand u; iz held constant. In
affect, the implieit assumption of standard theory is that every ug (i3}
iz surpassed at “b; ;he standard utility function being some canéasitt

uj, which holds in some butr evidently not in all cases.

The assumption of striet quasiconeavity rules out linear segments of

My indifference surfaces, which can be relaxed.
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h. A More General Case

Since a particular want can be gccommodated by some goods hut not by

others, corresponding to each 4. let

g, = ir] ¥« a, (xd z ui' +u. w0}

denoting goods by their indices. If r does not belong to G, then
w. = 0 identically (e.g. no amount of cloething does anvything te £i11 the
need for food). Thus from (1u), x, > 0 only if rEG} for some 1 = §:
& good will pot he. present in the consumer's choice unless it is a Gi good,

i1,

Consider twe G, goods r and =. We will zay that they are perfect
abstitutes with respecr o ui--thezr are ’i substitutez for short--if for

Some constant a A E"-I'_Erj.rbhm {at every point x) and there—

e’ “ir
fore the u. indifference curves relating r and = are parallel straight
lines. There iz then a set af *i substitutes, possibly enpty, associated

with each H.. If nomempty, . camnot be strietly gquasiconcave. ;

He relax the assumptien in Secrion 3 by now assuming that each u, is

T

quasiconcave but satisfies the fallowing

Conditison 3. If there are $. substitutesz and x{i} iz the

i
corresponding subvector of =, then, given any copstant ifﬂ, u, 1:a:
strictiy gquasiconcave on the set x| Xesy = B ;E{i}‘ ¥ > 0. If :L‘hura are

we 4. substitutes, u. is strictly quasiconcave,

Thus if the ¢ substitutes are held to fixed proportions—this inelndes

the case of zers quantities for all except ope of tham--then strict quasi-
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concavity holds on the set of x's =0 restricted, which doas not seam

umreasonabhle.

Teuo cazes will need to be diztinguiszhed in the maximization problem
when we consider the implications of a largen Sn (dpe to d4dY > 0, or to

dpr < - provided e » 0): Caze T, whare 5 iz a zingleton; and Cage II,

k
where It iz not, and thervefore k < . TP follows from Condition 4 that

5]( is a many-element set in Case IT only becaunse of some j:.k suhstitutas

which, at the given prices, permit u  To be maximized at more than one point

xe S ,- {Eur-.vpn@&_ r and s are 4 substitutes and 5 ui:r'ﬁ-’r = u i
Then duk = de 4 ukaaxs =0 for all d""r and. dx_ -gatiafying-. 7'
9 = pdx +#pdx =0, and 5, - cannot be a singleton.) WeiWwill say that
these # substitutes “form" Sk--thqr make it a many-element set-—-or that
these goods "geneprate” a mawximand different from the objective. Claarly,

some of them must also be Gj goods, or u, could not pick out the

-#
singleton sj -

Noting that in Case II, u.ﬂ[:u'} zp disa binding constraint in the

K
preblem, S iz a subset of the budget {hypariplane {x| p'x = Y1
Consequently a parallel szhift of the budget plane duve to &Y > 0 gives a

= Sk

indifference surfaces of d:k gubstitutes. The objective i= wmchanged by

which is a many-e¢lement sSet again, because of the parallel u

dr > 0, ‘since Ek < uﬁ to begin with. A large encugh increase in ¥ will,
howewver, make some uriliry component with a higher index beecome the objective.

4z one might axpect, this will involwve gqualitative changes.
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5. QGuality Variations

In the classic formulations of Theil (135%) and Houthakker (12521, a
cammodity is a set of related goods differing enly in quality level.
Judgment of quality iz that of the consumer, Who can always ignore a higher
Priced good wnless its quality iz also higher. Quality being included as a
Separate argument in a real valued utiliry function, a commodity is r&ﬁres&nrtﬂ
by two dimensicns: its quantity--all the goods Belonging to a commodity are
measured in the zame f[;‘ihj'ﬂiﬂﬂl units--and its quality lenml.. Thi= aﬁ.:rna.nh
is unnecessarily restrictive however. First, it requires a c-m;;lﬂta ordering
of the goods beloenging to a :mdity; which is often not [:'mssa.bll- Second,
the consumer cannot choose to have two or more aua.lit:n.e.s of the same commodity
(e.g. butter and margarinel. If the conzumer does =o, Theil considers only
their average quality while Houthakker treats them as belonging to different
commodities, Thi.r-dl, the i‘lﬁli-ﬂ:ﬂ.‘l‘.‘iﬂﬂ iz that the consumer wonld always he
willing tn give up some quality for a sufficiently larger qua.nt:.ty, which
Zeems contrary to fact. IUnless a person is very poor, he may well chn-us: not
to sacrifice any quality for more quantity (as in the case of food, or
children). More important, it is left umexplained why quality levels may be ™
expected to rise with income, which Is the empirical cbservation. Tn crden
to have an axﬁlanaéiaa, we have to look at "the reasens Why congumers want

certain goods" (Houthakker 1352, p. 163}, r = 2

_ Lancnstar (1871, p. 6} goes in the right directien by arguing that it
is. t'u "-:harm:.te:‘istlﬂ“ of goods, "those cbjective Froperties that are
mlewmt to choice", that people want. In hiz appma::h thare ig a mppmg :
from consmption goods s;ﬂce to :ha:*ncteI-;I'.tticE: space, and defining the

utility fumerion on the latter, ﬁﬂﬁtmc&s over goods are darived From
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Freferences over characteristics. Lapcaster considers a ;.n-nugj_bla mm»
pondence hetween wants and charactevistics, hence hierarchical and . satiation
fﬁssﬂ:ﬂitiﬁa, but does not pmm the matter. As in standard theory; his
utility fimction iz real valued and limited in scope. In the a.p;.rm-:h that w=
will follow, #&raﬂe‘riﬁiu are bn;amﬂ and the dimensions of utility are

directly the reascms for choice.

Since amy particular-good r does not contribute towards satisfying
more thaf a relatively faw wantsz, L. = 0 identically for some 1. In
* addition to the physical f:rur-rertizs that goods Delonging to a commodity C
mest have, C can be described by a set of indices I(C] such that C =
Ajex(py G4+ Hecordingly, what the geods helenging'te C have:in gommea.,
is their valge for some m:;tﬂ of utility and their irrelevance elsewhere:

if r.eC; then wm

sp > 0 only if 2.2 TCCY:

Dencte by a(C) the good belonging to C whose quality level iz a.
For convenience simply write o = afC), 8 = 8(C)., etc., which will he

refarred to as C goods. We propose to say that

008 (e has higher quality than §) if u_ = u;e for all i and

W * %, Tor some h, {17}
@l 8 (= has u . higher quality than 81 iIf aQf and

L Yy _ {18}
oR, & {a 1is i better than Bl if 2 8 and

.“hu"rpa > UpalPas (12)
aRE (o is u superior to 8) if R 8 and for all &' £ a,

oh g' if p'R g, _ (20}
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the inequaliries holding everyuhere. 0 is transitive and a partial ordering
‘ef T goods, in accordince with the fact that in some cgses neither & nor
E can be said to have higher quality Than the otheyr. I< olf we can takg
it that P, = pa for otherwife, B could not ke considered for parchase.
Definition (i%) seems in conformity with commen usage: one product iz said
to be a berter buy than another, even though it costs wore, if it gives
Ereater valyue for the 1:.:-:'~ine in some sense. MNotice thar if uRhﬂ, it may be
that o and -5 are §. substitutes for some 1 ¢ I{C), But 3f o and &

= & { I 3 B I =
form 3. in Case IT, then uk&fgu ukﬂfpﬁ and one does not have aﬂkﬂ
Iniegs stated otherwise, It will e understood thar quality comparisons
pertain to the maximand uj, which is the wrility component thar decermines

the oprimal choice.

Let x. be the vector of C goods quantities. We will say that the
commodity € is Y, nmormal--recall that the priority &bj&ctiVEIi: ukv-if
given dY » 0 and constant prices, more i sﬁEnt on it, and if given
dp. = 0 (provided ¥, > 0) and the same income, the expenditure en C is
greater than the cost of the old %, at the new prices.ﬁg Clearly, at least
ene ¢ is wu pormel. lnless stated orherwise; a @ normal commodity

Will be understosd when we speak of a poprmal O

income changes -

Let d4Y > 0 and assume the following hypothesis, which Will be
referred to as H: C is normal, x, > O, and uﬁjﬂ (f.e., 8 of a normal
compodity is present in the choice Bur 1hers is @ zuperior good a, pnaﬂihiy
absent before the change in income). Then,

ujuqu = ujﬁfps. {27}
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We will consider the effects of a larger outlay en C in the two possible

DTG

Cage I. With the ui {i < 31  constraints zatizfied, one would he more

interested in ‘e Dbecause of (21}, An extra dollar sﬁt on o makes n.
larger by “ju"’qu' Om the other hand, if the consumer substitutes & for

§ by huying one unit more of o and b = min {n » ol 1< 3t umits

; fo in; fogg
less of £, expenditure om C iz increased by o= hr.r& bt D, is raised

by s i:mj without viclating the u¥ (i< 31 constraints. From (21} it

B
follows directly that
l'_uj':l - hujﬂl > [Pa - hpﬁl u ﬂ!g:". 22)
Thus if ;}E > bp,
fuju - bujala"[pu - bpﬁ} - uje::"rpu - (23)
and thevefore the substitution gives a higher “-j per dollar. -If B h:,[:uE

>
hence 1.'::.|tl bqu .

is even scme "savings" the inequality in (23} is reversed: any reduction in

the result is the same. If p_< '.':rp-ﬂ ‘which means there

the us level due to the substitution can be more than made up by using

the savings to buy more o. In zhort, an optimal zllocation implies less

B and more & than ﬂbe:f;:rf'é. {Note that the argpument does not require

X, ? & 4in the cheoice before or optimality of the latter at the then existing

p and Y; cf. Appendix B.]

Caze II. e‘k is automatically raised by the increase in Y. As noted
in Seetion 4 however, the cnrresf-mding Ek iz =till a many-element set
hence the maximand, which determines the optimal allocation, remains the

game. The resultr iz therefore the same, and we have
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Proposition 1. Given H, a larger income implies 2 sphatitation of
the higher quality good o for the lower qualicy @, hence aa increase in

the average quality consumed.

The reason for Buying £ to begin with is its greater u. value per dollar's
worth for some i <k, or § would have never appeaved in the choice. It

iz even possible that uigfpﬂ »u, /p, forall i<k, dc¢ I{c), 3In which
case a munst be absent from the choice at lower incomes where tha chijective

haz a lower index. This leads us to the next point.

r

If Y dincrezses encugh f;r 8, to reach ui, the objective will be
amew W, k' ® k. (It need not Le u ,4» For uff . may have been attained
in the comrse of reaching some ug, i 2 k.) Consider the set of ka goodsa:
gome of them are in the present choice, or else nmope. If the latter, at
least one will be bought at & sufficiently higher income Y' where u,, iz
the cbjective. If the former, suppose that a 1w, better good is sbsent
from the present choice. It is clear that some sueh good would them be bought
at Y, giving

Proposition 2. At a sufficiently higher income, & "new" good will be
purchased mless no better good is available, and if apy is 4?Ei;;ﬁ1€1nﬂt

least one will enrer the cholece.

-

Suppose income rises from Y to ¥'' and a higher guality good-—the
particular utility component w ig unsﬁecifi&d as in (17)--enters the
choice. There iz no reason to have a higher value of any U with Ei =_u§,
go the good must be of a higher guality as regards scme Y with & z k.

If that good i= o better at ¥Y'', certaialy it is alsc u batter at

¥ since Rk is independent of income, in which case it should have been
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bought earlier. Therefore h > k, and ir is bought now only because ui
has been reached and there is a new cbjective with a higher indéx hence less

important. Thus

Froposition 3. Prices being constant, the entry of a higher quality

gocd in the chodce at a higher income implies a less important objective.

—

This may have poasibilities for welfare compariscms but our present
interest lies in Propositions 1 and 2. As income rises to highar levals,
new goods appear in the consumer's choice and higher quality goods displace
inferior unes,i"r We would thus expect the average quality of goods consumed
to be higher =t higher ﬂ@es. However, this empirical fact does not result
only from one-one displacements, so to speak, where for each 8 there iz a
higher quality &. The more general caze involves displacements where a

group of goods is substituted for znother group.

Let & and B be subsets of C--A and B are not necesgarily
mutually exclusive--and write w., = ] u, and p, = Ercﬂ. P.- In (17)-
(20), put & and B in place of o and & throughoutr (so u,  becomes
u;ys ete.), and replace Q, Qs By and ‘F'h by @', Ql, R, and ﬁ!;‘

raspectively, to define the latter.

Con=ider the hypothesis H': C is normal, X & for gll = e B,
and ﬁij!B. No particular r e A need have higher gualiry than any particular
5 e B, s0 H' iz a weaker hypothesiz than H. Let us say that 4 is
inereazed by one unit if every r ¢ & iz increazed by cme unit--the
quantities X2 T E A, are not necessarily equal--and that A& is substitured

for B if A is increased and E - 4 iz decreased. Exactly the same

veazoning for Proposition 1, replacing & and £ by A and B throughout,
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then vieldz the more general

Proposition 1'. Given H', 2 larger income implies a substitution
of the higher gquality group of poods A for the lower quality B, hence an

increase in the averase quality consimed.

Proposition 1 iz only the special case where A and B  are one-element
getg. Another special case, where only B iz a cne-element set, explains
the common phencmencn of a vardiety of goods displacing a single good. For
example, "If a woman's income is so low that she can a.ff;rd only cne pain of
shoes, she will hn:,r a pair that can be used on a great variety of occasions.
1f she can afford two pairs, she will not buy two of the same kind as before,
but two pairs that complement each other by being useful on different
umasims“£ Heither of the two new pairs may have higher gquality than the
original pair, but as a group they are better and they thlt;tfﬂ!‘t displace

the all-purpose shoes.

Simple changes in the arguments for Propositions 2 and 3 similarly give
stronger versions where "available group of goods"™ and "higher quality group
of goods"™ replace Mavailable good" and "higher gquality good", respectively.’

Prica changes

Suppose x, >0 in addition to H, and let d;éu{ 0. Given the new
prices, the old x, can be purchased with a smaller outlay, and more will

be zpent om C.

Case I. The Case I argument leading to Proposition 1 is fully

applicable--the prices there should be read as the new prices--and o will

displace 8.
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Case ITI. There are two possibilities. (i) If a iz nor among the
*1: =1:rhls'titl.rrua that formn Sk‘-‘ the fact remaxing that Sk iz a mEny-alement
sat under the price change, so the allocation is -:-_'f.el:minad by :.1j with the
s@me result. (ii) If =« iz one of the goods which generate a maximand
other than the objective, then B is alsc a Gk good. Consider the

siruation prior to the price change: since & is a syhsat of the budget

k
plane where is maximized, duo = dx  + dx, =0 and df =
Y e T Yoa™ e T e

P dx

= 0 0
i pﬁdxﬂ =0 both hold at x, hence “k.:‘ﬁpa. = ukﬂ.-"pa at x whether

ornot o and £ are #Ic substitutes. With the new price p;1 we now
have uw  /p! > ukE"EPE' Thus the =zame argument in Casze I, putting k in

Plﬂ.ﬂt of j:- Ei“d"EE

mMitim . If H holds, o will diaplace 8 if a is present

in the chodce and it3 price iz decreaszed.

Let £ have a lower price -pa. instead, bor maintain -::ﬁ::f'ﬂ. Case I
and Case II{i} of Proposition 4 can be repaated zlmost word for word, with
the vesult that & will displace §. However, Case II(il) is different:
with B now more attractive at w, which has a higher pr_i.r::-rity than o,
using exactly the same reasoning gives the opposite result. (Interchange

¢ and £ throughout, a.r:d'put 4 =k in Case I of Proposition 1.) Thus

Proposition 5. Suppose H holds and the price of § is decreased
but o, which is present in the choice, remains berter. Ther o will
displace £ unless the latter iz one of the goods which generate a maximand

different from the objective, in which case £ will be substituted for =o.
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Such a case rests on the fortuitous circumstance that relative prices
are just right in order for a lower-priced B to be cne of the goods that
form Bk, :nmmldcannluﬂ:frmmtim'nanﬂﬁﬂmt ¢ will
displace § almost always wider the stated conditicns. A simflar couclusion
applies to growps Al and B if any price p, (s ¢ AUB) is decreased,
amptimsarisingaﬁlywhnre =g B ~A hmeaftﬁegwﬁ:uﬁi&hfﬁm Sk.

6. Concluding Remark

It is generally observed that different incéme classes buy different
O00E Sl tha BESher Huront ke censume higher quality goods. This
cbservation is not ‘deducible from the extension of standard theory to quality
cheice but it follows from the model of thin_*pa.ﬁu:-. which assumes that the
COTSmAaT m.lﬂdmic #:fgﬂcea "not because it wonld comstitute a
more convenient approach ar et simpler schema, but becauss it offers
a more adequate intmatiﬂn of thé structore of our .mtaf‘ Cﬁnmjgl?r:cw—
Reegen 1954, p. 518}, :
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Appandix A

Consider the eguations in (41, (8} and (8) determined by the solution.
Taking totazl differentials, one has the following systen that includes only

the results from those equatioms:s

et H ?u.i B E ?ujui '-p d}: . iﬂ' dP
1
?ui L1 sma a Q dJ& o
: : : 5 = i (a1)
T
Fuj-—l 1] inim o a ﬂjwl o
-p" 4] e a o di, E

where W=ilw 1, w
o

= = ! -
s aurfaxs, 'Fui {_uﬂ, S uin‘.’l_ » and E =4Y +

Ea x dpg. Hoting that iy “ﬂ".. the coefficient matrix iz symetric.
et D be the determinant of this matrix and 1‘1“ the cofactor of its

{r, =) element. Then, analogous to standard results, cne has

dx fip = (3, D +x Dnﬁ,s}m {a2)
E-::Efiﬂ = "ij,sm* {A3)

Suppose @p_ # O for a particular r and dp =0 forall s¥r,

and choosa dY so that duj = ujs ::1:-:s = . Then from (12) and (14},

e R ' S
after peElingdn, = 0. But fram each equation in (61, Ea g dx_ =0

and ﬂ:ﬂhﬁ:‘t boch sides of (A4) vanish. Hence E =0 in (All so

h:mri?-m 3 }lﬁ nﬂm‘ £a5)
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Finally, substituting (A5} and (A3) in (A2) gives (15).
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fppendix B

w‘.;; e x =0 "-Fﬂ:’ly:.lu:ln with. Notice that the very first unit of

a substituted for b wmirs of & means 2 nonbinding constraint in (B} If
- 5 _!. o FE _:.'_ S e = = A j.,_i
t; f8;5 > b, making the corresponding d; = 0. Writing c_= E_in:l. A u

and clfﬂfc.ﬂ, we therefore have ¢ = b, From (14},

LB CHGR

ds e AEilss

the uj value per dollar yielded by the substitution is equal to J,D, which
as psual gives the sensitivity of the solutriom value of the maximand to the

constraint sconsSTant Y.

The argumeatr In the text is couched so that it can be used repastedly

in the later discussion, particularly for Proposition 5.
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Motes

1. This important paper has been relarively neglected in the
literature, but see e.g. -.":hi;.m&n (1960}, EncarnaciSn (1964, 1983}, Day and

Robinson (1873}, and the survey article by Fishburp (1974].

2. Cf. Simop (1355) who suggested the interpretation of choice a=s a

vector but did not indicate how vectors would ba ordered.

3. Although we take it as given, the n?_

is explainable in a more complete framework by biclogical and individunal

lavel c&rmapmd:‘.ng to n:T.

factors or by socially determined norms. One Sptak.': of encugh food, a dish
with enough seasoning, a large emcugh variety of dishes for guests at a

feast, ete.

4. The idea iz that the real outlay on € is larger at a higher real

income, using the new. prices for measuring changes in real tu:'ﬁi

5. The diﬂﬁlanmts may be lezs than toral, so it is ﬁmihlt for
the choice to include three or more ( goods of different gualities, e.g.
an crdinary wine for the usual supper, a better one for Sunday dinner, and

an even better one for special occasions.

6. Houthakker (1261, F.n 724} refer= to Norris (1952).
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