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I. Introduction

The constraints introduced in the analysis of in-
dividual behavior in economics were mainly two:
income and time. Although we do sometimes find
references to biological constraints like stomach
capacity (see Becker 1971, p. 54), it and other
biological constraints’ implications on market
behavior were not investigated. The purpose of
this paper is to show that consideration of the
limited memory capacity of human beings sheds
light both on specific features of literature and
arts and on characteristics of advertising. In
Section II the formal model, which is based on
Becker's (1965) approach, is presented. In Sec-
tion III the subject of advertising is discussed,
while in Section IV we focus on the evidence
from literature and arts. Section V contains the
conclusions.

II. The Model

Our formal model is based on Becker’s (1971)
model of demand for basic commodities. The
consumer is subject to two consiraints: one on
his total income, and the other on memory. More
specifically, our consumer has a utility function:

U=UZ,.....Z), (1)

where Z; are a set of commodities. Fach com-
modity Z; is “‘produced’’ by the consumer:
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where v, 12 the input of purchased goods into the production of 7, 5 18
the mmput of memory space. 7, is the mput of tme., and /& comprises all
the other “environmental”” variables involved in the production of £
The reason why memory space 18 an mput i the p*wdmiéwzz of 2, cun
be rationalized in the following way: When producing o commuodity i
the household, 2 mea! for instance, o housewifc may either vemember o
recipe or fook for it ip 2 cookbook, o ume-consuming and therefors
costly activity, or by @ prepared meal, costher in money than prepuring
the meal from soratch. Also. when buving the ingredients, she may
either recall where she saw the lower prices or search for thom, Thus
the alternatives I memaory are costly whether in time or money,

The consumer maxinuzes (D) subject to throe constrainiss
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where o= market price ofa,, w - owage rete of the consunmy HIOTS

worked, T o= time endowment of the consumer. S -~ memory endow
ment of the consumer. and ¥ = nonwage endowment of the consumer.
Fauations {3) and (4) are not independent constraints and may be
combined i one constrant
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Thus the consumer problem s to maximize (1) subject to (377 and (3
The irst-order condition of this maximization problem o of the forn
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where A is the marginal utility of money income. and g is the marginal
uiility of memaory, Equation (63 can be rewritlen
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where g Is the shadow price of memory . Notice that il - 2, (007040
BB e L {{i“)‘-f{ﬁfj s the "l price” of 0 which takes into
considersfion the cost of cach Tactor of production.

From (B we can see huw an merease in wealth will affect memory
use. First, let us consider what happens when ¥, the nonvwage imcome.
increases. Then. if we assume that alf the 2 are normal commodities
the demand for each 7, will Increase as ol monetary income 18 spent;
thus both the value of goods bought and the time spent in commaodity
production witl increase. and, ceters partbus, the marginal produc
tivity of memory is raised; memory becomes more valuable. Thus, in
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household production there will be a shift away from memory-intensive
toward more goods- and time-intensive production methods: More
books, data banks, and so forth will be used in order to economize on
memory. What happens to each and every §; depends on the relative
force of the income and substitution effects.

A rise in the wage rate, w. would essentially have the same effect.
except that in this case time also becomes relatively more expensive.
Whether time or memory will become the relatively more expensive
factor of production depends on the specific form of the production
function. Production will shift toward more goods-intensive methods of
production. Thus people with higher income tend to save on memory.
This may explain why grandparents, placing a low value on time, told
us fairy tales while our parents bought books to read from!

III.  Advertising, or Why Are You Paying $2.99 for a Widget?

It is frequently observed that quoted prices in department stores, TV
advertising, catalogs, and so forth are of the form $2.99, $399, $1.09%.
. . . Clearly, marginal cost pricing cannot explain these prices: The
probability that most marginal costs are just 1¢ or $1.00 below a
“round’’ dollar number is very small. Two alternative explanations can
be given to this empirical observation.

1. Suppose that a 3% proportional excise tax exists on sales of u
widget sold at 99¢ apiece. The amount paid by the buyer will be $1.04,
while the tax due on the sale is 4.95¢, or 5% of the sale price. Thus, on
each widget, the seller’s profit is increased by 0.05¢. On 10,000 units
sold, this would represent an added gain of $500—the result of the
practical indivisibility of the cent and of the assumption that each
widget s sold separately. For, if the seller had sold 10,000 widgets to
the same customer, this added gain would not have been made. But, if
the existence of a proportional excise tax were the explanation for the
accurrence of prices I¢ below a round number, we would not observe
this type of price wherever the price is stated in integer dollar, for 5%
of, say. $199 is $9.95. But prices like $199 are frequent. Thus, this is at
best only an incomplete explanation of the phenomenon. Also, if the
excise tax were the explanation, then prices such as those would not
occur when either there are no proportional excise taxes or when, as in
European countries, the posted retail price includes all the taxes. But
this type of price is also frequent there.

2. Our explanation is based on the existence of the biological con-
straint, namely. that people have only a limited amount of memory and
a limited capacity for storing directly accessible information.! Being

1. By this we do not say that people have a rigid biological constraint on their memory
capacity: While this is constrained by biology, diverse means like associations. books,
and computers are used as an extension of memory. But compared with the actual
memory, which by analogy with computer science we would call direct-uccess memory.
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exposed o continueus fow of information on prices. people store i
ther memories the move valuable message. in this case the Drst digils
of a4 number. For instance. when {W‘éaj{? i5 5198 the digir ¥ s more
sigaificant as information than 9, wiich i turn is mere signifionnt than
% Thuy the comsumer w E% 11 $0 us 1o remember first that the price
$300. then mavbe that itis 3390, but rarely that it s exactdy $398. The

uestivn which és‘fm'sméz cly arises is why people do nof rst round the
aumber (n owr example, 0 3400 and then store 1. The answer o this
critical guestion may be found both in the way information on prices iy
today transferred 1o the consumer and in the fact that rounding upward
wvelves one more decision than storing the inseger part of the number
tor rounding downgward), One may draw o parallel with the way »
computer works: Storving the intever part of a number in the direct-
aceess ferromagnetic memory i a very simple operalion which almos
does not involve the attention of the operating system, On the other
hand, rounding o number upward involves a more «;;m;zpﬁéa:zzs”mé proce
dure: A& separate routine must exist which first must be feiched, then
run by, the operating system. i we compare the {;asésac%mm mind to the
operating system. we see why rounding upward is g costlicr operation
than merely storing the integer part of o number.

Information on prices s ransferred to the midividual by visual oy
written means: Prices are advertised on TV, newspapers. or siores,
and vne may glance at them there. Bul mamediately alter the message.
one i exposed o additionsl information: Either another TV adver
tisemnent follows or the program s resumed and the criminal is caoghi.

or an article in the newspaper page absorbs one’s atentwon, Thus thy
mformation on the price must be stored in a very short %zéicg"vzaé, and the
cheapest way (0 do so. i memory and aliention {erms.” s by stornng
the first Jigigs

Ethis arpument by corredt. one would expeot that the smaller the
aumber of goods in the economy. oy the smaller the number of chan
aely of e:mzmwms;a” w1, the smalier the peobability of finding these
types of prices in the economy, for people are less exposed 1o continu-

all the n‘amh{tmmﬁ and “csfzazmmf kamm are costly i cithor money ferms (oom
puterst of fnd (search wn booksy Moreover, the storape of aformabion i arnficl
memones £ Hsell o memerv-oonsuming operation In order 1o retrieve a pivos o
informuation. one mst remember in which book or tupe i way stored,

TOA swyvey on memery and the distincHon belween constious wid Uncenscious
HIGTROTY 1% pre ered in Favnes (1976, although the mam thrust of the book s flawed e
Brepner 1980 n. 28,

f}mr war argne thal, onds une has the vatalor of home, one does pot Bave 10 50dy on
memory. But conspder the following sconario: A consumer receives the catndog and
ghances at i1 Some time later, he sees one of the ttems in the catadog in o store ot $18
However, he recalls that in the Sears catalog It was U lourteen something. OF cowse, o
comsumer will remember numbers which he frequentty uses move than numbers which he
does not frequently use. And some aumbers he will no! roumds phone numbers, ez, are
of oy ase i younded
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ous information. This prediction is supported by the following casual
empirical evidence: The occurrence of this type of price in the 1900
Sears catalog (1970) when both the number of goods available and the
number of communication channels were smaller than today, is very
small. On the other hand, they are frequent in the 1980 Sears catalog.
Another result is that goods which have fewer substitutes on the
market, like luxury goods on the price of which the consumer will thus
be subjected to less continuous information, will be less likely to be
priced in this pattern. Thus, a very expensive precious stone or an
expensive fur coat or a Rolls Royce does not have a close substitute,*
and the search for them will not involve as many communication
channels as. say, the search for a regular coat.?

Notice that the discussion on *‘censcious’ and *‘unconscious™ deci-
sion is relevant here: The meaning of the formalization of consumer’s
behavior in Becker's consumer-producer model (see Becker 1971, pp.
8-15) does not necessarily mean that one consciously decides at each
step what to remember and what to forget. Such decisions may well
be the result of customs and habits which are the optimal adaptation to
one’s environment.

If the scarcity of the memory resource of consumers plays this role in
explaining some features of price formation.® it could also help to
explain another market feature: the specific characteristics of adver-
tising. In the economic literature, there is controversy about whether
advertising provides information® or is a species of brainwashing (see
Galbraith 1972). The empirical evidence for the brainwashing hypothe-
sis is alleged to be the existence of frequent advertising messages for,
say. MacDonald’s, Coca-Cola, etc., which do not seem to provide any
information. However, our previous argument can help to emphasize
what kind of information is provided by these messages: Our capacity
to remember is limited. and knowledge stored in our memory, like any
other capital, depreciates (we simply forget things).* Thus, reminding
us of brand names and products does provide us with some informa-
tion. Indeed, the term “‘information™ does not necessarily refer to
“new’ information: What we once studied is also stored in textbooks
and encyclopedias, but retrieving this knowledge is time-consuming.

4. This can be casually observed in the 1970 Neiman-Marcus Christmas catalog: A fur
coat is $100,000: jewels, $5.000. On the other hand. a nightgown (item with more
substitutes) is priced at $19.95.

5. One can also argue that the prices discussed here may help in advertising: One can
¢laim that all one’s prices are below $10, which may mean nothing more than that all one’s
prices are $9.99. But basically. this explanation is similar to our own: implicitly, it is
based on the assumption that people will remember the below $10 statement.

6. The role of scarce memory as explanation of distinctive features of primitive
societies has been investigated by Brenner (19804) and Posner (1980).

7. For a review of the controversy, see Comanor and Wilson (1979).

8. In part because we are constantly exposed to new information,
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cases, the costs of face-to-face communication increase, decreasing
the relative, or the shadow price, of writing. In order to support our
argument on the role memory plays in understanding human behavior
and the allocation of resources, we must therefore look at writings
which preserve oral cuitures and at features of information markets in
such cultures, contrast them with the writings and features of informa-
tion markets in literate societies. and show that some of the differences
correspond to the predictions of a model which introduces the con-
straint of a limited capacity to memorize.'*

Since only memory fulfills the role of **human capital™ in illiterate
societies. in contrast to literate ones where this capital is also embodied
in books and computers, we would expect technological innovations in
speech and in the education of youngsters which facilitate memoriza-
tion.”* The drum is mentioned in anthropological studies as one of the
principal instruments possessed by primitive societies. or a rhythmic
clapping of hands is mentioned as a background for songs." The reasen
for these characteristics is that rhythm facilitates memorization of
songs and rituals. It is also noted that songs consist of monotonous
refrains which are chanted hour after hour, until they would drive
anyone but a member of such a primitive society to absolute distraction
(see Hambly 1926. p. 47). Again, this evidence fits the prediction of the
hypothesis: Repetition facilitates remembering rituals, songs, and so
forth. In another context, Goody found that, among the LoDagaa of
northern Ghana, the days are reckoned according to the incidence of
neighboring markets; the very word for day and market is the same: the
“weekly™" cycle is a 6-day revolution of the most important markets in
the vicinity." In English and French, the names of weekdays are
derived from names of deities. the moon, and the sun. The explanation
for these phenomena is the same as given in the previous section:
Associations facilitate acquiring a stock of memory.

That speech in primitive societies was different from today's has
been emphasized by many anthropologists, and Posner (1979 has
attributed the ditference to the lack of privacy. The hypothesis ad-
vanced here sheds light on another aspect of the specific technology of
speech: Since this was the way knowledge was transmitted, we would
expect this art of communication to be developed and elaborated. The
Homeric epics are not unique empirical evidence of the decorum of

12. The discussion that follows is based on Brenner | 1980¢1), sec. 2.

13. See Becker {1970, pp. 129-34, on the relationship between the relative price of a
good (in this case, oral communication) and technological change in that good (in this
case, speech).

14. Repetitions, associations, and categorizations facilitate memorizing; see Farb
(1978). pp. 319-27; also see Hambly {1926), chap. i.

15, See Goody (1977}, p. 30. Also, notice that prayers today stili consist of rather
monotonous singing and not a few repetitions.




P54 Jowrnai of Business

speech of what was first oral poetry % Parry (1951 has Tound the sung
rype of evidence in another oral culiure. represented in the Yugosia-
vian ballads, E ord V1960, 1. 200 also found that 1L s the slhiteraey of the

epic singers which detormine[s] the particular form their compuasition

takes nned wi m@ Jratinguishes aizwa from the wiwm_ paet, In socicties
where writing 18 unknowa o o the et of narraton flourishey. provided
that the culture is in other respects of o sort to tester the singing of
tles. . . On the other hand, when writing s introduced . this

audignce wv%sa its entertainment and imstruction in books rather ’E*a;m i
the living songs of men. and the older art gradually disappears.” Ong

(1971, po 49 has argued that rhetorio, whig 4 means the art of COMPOY
g as well as dehivering o speech, was " the ur
culture formalize the oral communication skil
termine the structure of %mzus%z% gt society belore hteraov, Thad

tadeveloped by o Hlerads
g ]

4 which had helped e

rhetoric also moeant the art of composing stems from the Lot that orgl
sransinission could ardly be vorbanm, and am deliverer of songs or of
the history of the tribe gza:m:z“zsééy made adjustmenes which hited the
circumstances.

Three further inphcauons of the role raemaory g
ate aovieties should be emphasized:

I We would e vt old people fo be respected (e, 1o be considered
move valuabled since they mtéms% crhe stovk of koowlodee, ™ This iy
indeed. o commean frature of £ ull sgricuiturad and Hshing primitive

S 4
Trv inberted oy
[EE RS PR RS % N fetoy

o gk

SOCICEES,

L Flere, howover Dmast neto g il
{1976} iy explain this same sel of pheaomenn the fact th
the erpumented lunguage of the Homuerns epuos, G <o farth. E@c W
accumpapiment in no looger wsed. @ it Iy nol o kder Greek poetry
because the g&w'ﬂ i g bonger boloy sung om the right bampspd
bebm revited from leff hemispheriv memury alone, Dather L
prophets trance, This change w musical wovompaivaenl o :§w e R\mi m the
poetey is referred to . L ore canly pogiry s rel I
Theopeny s, while lmier poctey b often referred o w spoken or told
explaing this change, a5 well as the star of Civilization. by aorathes
midation. He emphashzes the ,N;En ey plavied I prvsiive o
Seational” thinkiog plays o modern seoleties, Our sualysiy shows 1hat no snch duste
faned ruthoy m;%m;xmiﬂ asspmption i aviessaty 10 explidn the §
myatnly memsorieed. In those conditions momorizmg win smply effivient

O Lopd (10007 shows how o volng mun gotls svguainted with the o of st
singig not by verbaiim remoemberiag bat by \m;;';z-\:iéz o osong et of phitases, (h
srd parsstives that ho has bestd before o singer cannet amd doos sol rememne:
enough 1o sing o song e must and does learm (o greaie pé‘%m\«:« fps b33

R Beo 35&3?13*?w 426, chap 5. Alwe. Havek (1970 wrete: U Another consegienue of
this Basic favt . oL b that ondy i the sl groups of prupitive suoiety can collaboyarion
hefween membors ;zm fargely on the circumstaney thad & any oo moment ey will
koo miore of 1oss the same particular cicumsiances. Some wine men may bo bovier
interproting the hmmediniely perceived Chuumsiances, or at reme mbering things i
remote places unknown o others. Bur the vongreie events which the amima;‘mi\ o
soanter in thelr daily puesuits will beovery much the same Tor el asd they will act
rogether hoenuse the 2vents they know aod the obiectives atwhich they uns ure more oy

fess the same’ tpp. 1 146

crgiitoat i iR

b as song

2

e 5‘

Fyicn

[FEL

5y3d Eém rovke

HARHTIVE BIeD

3




Memory and Markets 155

2. What constitutes history would have a different meaning than it
has for us. Although the limited amount of information that can be
stored in a human mind implies that information which is not relevant
will be forgotten, the process of generation continuously lengthens the
line of genealogy. However, if the population is stable despite its
increasing length, the genealogy may refer to a constant number of
ancestors. Goody (1968, p. 32) takes note of this genealogical shrink-
age; it has been confirmed by many studies of primitive societies.

3. The third implication is suggested by the statues of the gods in
primitive societies, which seem to have one element in common: They
always have some unusual characteristic—disproportionately big eves
or mouths, eight legs, several hands. and so forth—in contrast to the
Greek or Roman gods, who have rather human shapes. This basic
similarity also exists between mythical animals from different soci-
eties. The griffin. phoenix, centaur, sphinx. manticore. (anesha,
and Ch’i-lin have one common characteristic: They are all creatures
consisting of familiar parts in unfamiliar combinations. This pattern can
also be related to the role memory plays in such societies, since it is
easier to remember unusual shapes than ordinary ones.' However,
once societies become literate, this task of memory is less important
since one can remember the gods by reading the texts they have
dictated rather than by their visual forms. In a further study. this issue
of myths and religion will be more closely examined.

That the existing stock of knowledge is stored in memory rather than
in written texts has further implications: Since memory is subject to
depreciation (we simply forget things), in each generation the stock of
knowledge will slightly differ from that of the previous generations.
The process which takes place is of the following type: “*A person
appeals to a shrine and perhaps obtains relief from suffering, but then
witchcraft is seen to return because children still die and people fall ill.
.. . [Then one] may switch one’s attention from one aspect of a deity to
another. This latter solution is adopted in many simple societies and
accounts for the turnover phenomena, the circulation of certain types
of shrine.* . . . The agents who introduce or invent these new shrines
are often responding to the pressures from below, the demand for new
ways’’ (Goody 1977, pp. 29-30). Or, in the case of ordinary songs, the

19. Farb (1978} notes that “*(t)he full recollection of an experience can be triggered . . .
by evoking the symbol for it™ (p. 326), and he gives Proust’s Remembrance of Things
Past as an example; he also refers to several articles in the psychological literature
supporting this view. Also, notice that the point made in the text is related mainly to the
fact that association facilitates memory, and association can be achieved only (by
definition) with an unusual, rather than an everyday, phenomenon or object.

20. Consider also the Bible on the Sinai episodes, where the Jews shifted from God {
deities whenever their expectations were not fulfilled. Many inconsistencies in the Bible
can probably be explained by the approach advocated in this study--this would, how-
ever, be the work of a lifetime.
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process found by amthropologists way thist 1A young man gets w

guainted with the art of metrical signing. not by verbutum s wmmzzﬁxwmg
bt constructing o song out of the phrases. themes and narratives that
he has heard before. The singer cannot. and does nof remember enough
o sing o song: he must and does learn to create phrases. 5o phrases got
sdjusted: there is ne ridigity in what he hears and certainly none in
what he dogs,

The meaning of such demands becomes clear from the Tollowing
examples: (@) Goody describes this evidence from Nigeria. The British
administrators, being aware of the fmportance of genealogies, wrode
themn down. Forty vears later, the natives maintained that they were
mearrect {see Goody 1968, P 12y, The explanation consistent with the
hypothesis presen wted here is this: The knowledge siored in memory
was reudjusted to the existing marriage pattern. eliminating members
of the tribe who had left and remembering only those who mattered {u
the present pattern of social relationship (for insurance or other pur-
poses). (A AL the E*C‘*iﬁmﬁg of the &"aéz‘ézzg"sx some myihy in northorm
Cihana were recorded. The founder of the state at that time hed,
according to the myvihs, seven sons. Sixty years later, the myihs
mentioned only five. An examination revealed that one division of the
tribe had become separated by boundaries set by the British. and
another had been absorbed by a neighboring tribe (see Gondy 1968, p.
33). This points out that. when knowledge is stored i memory., history
becomes # Hexible tool serving the present rarher than o mere collec
tion of data.

These arguments also shed light on why the first written documents
of civilization abound in inconsistencies and contradictions, dates are
rarely mentioned. and the concept of time is rather blurred. The expla
nation for these characteristics stems from the same source: These are
written documents which preserve the form and style of oral communi-
cation at one particular time. and when communication 8 oral. iU s
relatively hard to discover inconsistencies. Goody. for example.
writes: “Members of oral societies find it difficult 10 develop o Tine of
sceptical thinking about, say. the nature of matter or man’s relationship
1o Cod simply because a continuing critical tradition can hardly exist
when sceptical thoughts are sy written down, o communicated
ACTOSS ‘mm and space., pof mmﬁc svailabie for men to contemplite m
privacy’” ttalics in original)”

2E Goedy aﬁ}"“ PO pp 26770 he wribest I the reader interprods ol
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equates it with oral memorizaiion by rote, then he will fail w grasp the peeulior provess
mvodved in learning oral epic, . € CW HEE oral gmmx wo are dealing with o mrizwm wrud
ahi \im&f%‘,( process in which vral leamdng. oral composition and oral tn ssmission almoss
merge. The same point of remembering things depending on their uiiliny s made on the
various methods of calvulation op pp 1314

27 Coedy (INTTL p £3.The mstie of privacy i also noted by Posner (19790 and bix
procise detinition b given in Brenner (1980, 1980
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Also, if the first texts with which we are acquainted today were
written down in different periods when most of the population was still
illiterate, we would expect to find inconsistencies; while the oral text
was adjusted to replace depreciated knowledge, the written document
preserved the “‘objective™ past. That the concept of time is unclear is
related to the fact that it is hard to memorize lists (see Goody 1977,
chap. 5). and so the history we find is that of relationships or some
specific phenomena or special events.

Finally, one further empirical piece of evidence should be men-
tioned which supports our hypothesis. Since it is easier to memorize
texts with rhythm and rhyme, we would expect that the first written
documents we are aware of would be lists, accounting sheets, and laws
rather than literature or poetry. Goody. for example, writes: **. . .
literary documents in any quality did not appear till the first half of the
second millennium, that is, at a time when Sumerian was no longer a
spoken language but only a written (or ‘dead’) one. . . . Even in
Assyrian times it is not the main ‘stream of tradition.” either in the
form of literary creations or the recording of myth and folktale, but
rather the administrative and economic documents including deeds of
sale and purchase. rental, loan, adoption. marriage bounds, and wills
together with the ledgers, lists and memoranda of shopkeepers, secre-
taries and bankers . . .’ (Goody 1977, pp. 79-80).

V. Conclusions

The purpose of this paper was 1o show that additional insights can be
gained in understanding market, in particular communication market,
behavior by introducing into the individual's maximization problem the
existing biological constraint on our memory capacity. The predictions
stemming from & model which takes into account this constraint shed
light on specific features of ancient eral cultures as well as on charac-
teristics of modern advertising, which is just one particular branch of
the information market.

Although the economists did not pay much attention to these con-
straints, other social scientists did. Lévi-Strauss (1968), for example,
noted that people in primitive {meaning illiterate) societies invest much
time in memorizing: | see no reason why mankind should have waited
until recent times to produce minds of the caliber of Plato or an
Einstein. Already over two or three thousand of years ago there were
probably men of a similar capacity, who were of course not applying
their intelligence to the solution of the same problem as these most
recent thinkers: instead they were more interested in kinship™* (p. 351).
Lévi-Strauss, however. does not note that this situation is a result of
the relationship between literacy and population size. namely, that
when people live in small isolated communities, all information can be
conveyed efficiently by face-to-face communication, in which case the




188 Journal of Business

penefits of Hteragy are small® and kinship plays more important roles
{sep Brenner 19800, 1980k Posner 1980
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