TECHNOLOGICAL SELECTION, INFORMATION, AND
CHANGING HOUSEHOLD BEHAVIOR,
1850-1914

Joel Mokyr

Departments of Economics and History
Northwestern University

Evanston IL 60208

Revised, December 1996

An earlier version of this paper appeared as“LaTecnologia, I'informazione elefamiglie” in Renato
Giannetti, ed., Nel Mito di Prometeo: |'Innovazione Tecnologica dalla Rivoluzione Industriale ad
oggi. Firenze: Ponte Alle Grazie, 1996, pp. 145-184.

This paper is part of my forthcoming Neither Chance nor Necessity: Evolutionary Models and
Economic History (Princeton University Press, 1998). Draft, not to be cited. Comments welcome.



Introduction

In recent years, there has been averitable flurry of literature dealing with the application of evolu-
tionary modelsto technological change, both theoretical contributionsand investigations of amorehistorical
nature. The adaptationist view considering evolution as basically functionalist and thus little more than a
process by which selectors pick the best possible strategy to deal with their environment has not been
universally accepted by economists. The most explicit statement in this regard can be found in Geoffrey
Hodgson's work and his list of "problems for Dr. Pangloss."* Yet actua historical examples of distinctly
inferior technological outcomesare, infact, quiterare. Thewidely cited exampleof the QWERTY keyboard,
proposed by Paul David, is an interesting curiosum but not entirely persuasive.? Other examples can be
found, such as the lock-in into alow-definition color television system in the United States and the use of
heavy water reactors in power generation (Robin Cowan, 1990), but on the whole it seems that in modern
industrial societies the competitive environment provides a selection mechanism that picks techniques
reasonably well at least among those that are available.

The evolutionary literature normally considersthe “routine” or “technique” asitsfundamental unit
of selection (Nelson and Winter, 1982). A technique might be regarded as a set of instructions on how to
carry out certain tasks that lead to material improvement (e.g. production). As | have argued elsewhere
(Mokyr, 1996), techniques are expressions or carriers of the information on which they are based in away
comparable (but not identical) to the way genetic information is expressed in the phenotypes of living
beings. Superfecundity (that is, a proliferation of options) leads to competition and competition leads to
selection. The net outcome of this processis the structure of technology used by the economy. If firms are
sufficiently competitive, thereissome presumption that more efficient techni queswill bepicked, unlessthere
are constraints such as network externalities, economies of scale, or effective political resistance to
technological progress that prevent their selection.

Thisliterature has failed to take notice of technological choices made by households. We typically

'See Hodgson (1993), especially chapter 13. See also Mokyr (1992).

’David (1986). For acriticism, see Liebowitz and Margolis (1990).
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do not think of households as units that make such choices, but a moment's reflection reveals that they do
so all the time. In the consumption process, households do not just purchase consumer goods but convert
them into their final uses by using a set of techniques | will call recipes.® These fina uses include the
satisfaction of the biological and psychological needs underlying demand but also the indirect effect of
consumption on health and longevity. These recipes like the production techniques of firms, represent
technol ogical knowledge available to the household and they determine not only the efficiency with which
the inputsinto the household production function (that is, the goods the household buys at the market) are
converted into final services, but also the composition of the bundles actually purchased. The idea that
households actually “produce’ in this way and thus employ technology is hardly new and is by now a
standard part of neoclassical theory, the protestations of sociologists (e.g., Thomas, 1995, p. 333)
notwithstanding. The evolutionary models that a growing number of economists and other writers on
technology have been applying to model s of technological change should apply to changesin households as
well. Yet the generation and diffusion of recipesfollowsvery different rulesthan firm-level of technology.
The historical implications of this difference are profound.

The seemingly most obvious difference between firms and householdsisthat firms are pressed into
using efficient techniques because they compete with each other for scarce resources, profits, and market
shareand eventually survival. Householdscompetewith each other for resourcesaswell, but oncethey have
been given an alocation and purchased a bundle of commodities, there are no comparable competitive
pressures on them to use these resources efficiently. Thisisnot to say that no such pressuresexist. Partners
with very poor household skills using low-efficiency recipes may have found themselves at a disadvantage
in the marriage market and failed to reproduce. Conformism and imitation may have been more important
than selection: in all ages social conventions evolved that pressured households to follow certain practices
customary inasociety or risk social ostracism. If such social conventionsincreased fitness, they would help

move society toward an optimum. Y et there is no evidence that they invariably did so as the adoption of

*Reci pesshould not be confused with technol ogiesthat are used by the househol d but generated outsideit. Thus
the invention of the vacuum cleaner is not a change in household recipe, but learning to use one properly is. In what
followsl shall usetheterm "household technol ogies' for technol ogiesthat are purchased by the househol d and " recipes"
for the knowledge possessed by the household.
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smoking and narcotics and changing fashion in clothing suggest.

It might be thought that differential survival would, in the long run, guarantee that inferior and
harmful recipeswill lose out because badly managed households that use them will suffer higher mortality
rates and vanish in the long run just like badly managed firms. The traits of household are acquired from
other households. If vertical transmission of information is more important than horizontal or oblique
transmission, the children of poorly managed householdsare morelikely to be bad homemakersthemselves.
If “bad” is defined in terms of “fitness” -- that is, survival or life expectancy, natural selection will
eventually provide an advantage to those “germ lines’ with better household techniques. In that case
selection thustakes placeinitsmost literal Darwinian sense. However, the correct choices of techniquesin
the household would involve better health as well as better contraceptive techniques, meaning that well-
managed households would have both lower death rates and lower birth rates, with the net result unknown.
Finally, the objection could be raised that even in highly competitive environments, evolutionary models
imply that the actual techniques picked are not necessarily globally optimal and for that reason we will
observe adistribution of techniques rather than a single best-practice in use.*

The most interesting sel ection mechanism in the economic history of technology is not the one that
sel ectsthe most successful agents, bethey firmsor househol ds. Rather, the firmsand househol dsthemselves
do the selecting. They make direct decisions as to which of the many ways to skin a cat to employ. When a
new technigque is generated or invented, they must decide whether or not to select this new technique. The
competition, in other words, is not just between firms and households trying to survive and reproduce, but
between many different techniques which try to be employed by the selectors. Selection here is not
metaphorical -- as Darwin's was -- but conscious and purposeful. At thislevel, it is not clear that thereisa
gualitative difference between firms and households: is there more competition among engineering

prescriptions on how to make sulphuric acid or grow peachesthan thereis among household recipes how to

“Thisisastandard result in evoluti onary theory. Optimizing selection by itself only guaranteesthat the system
will cometo an equilibrium at alocal peak in thefitnesslandscape. For arecent re-statement, seefor instance Kauffman
(1995), pp. 149-89, 248. The current state of the art on theissue of optimality in thetheory of evolutionisclearly chara-
cterized by alack of consensus. See the essays in Dupré (1987), especially the ones by Philip Kitcher and Richard
Lewontin.
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cook soup and clean the kitchen afterwards? In any event, the basic target of selection hereisthe recipe, not
the firm or the household, and thiswill be the focus of the discussion below.

Giventheunreliability of theblind“ survival of thefittest” mechanisms, asecond difference between
households and firms becomes important, namely the ability to choose among competing techniques.
Households choose among different techniques based on certain priors and beliefs on what effects and side-
effects different alternatives have. Household chores are repeated over and over again and thus would be
subjected to revision if they were inefficient. Almost every household learns how long to boil pastaand if
it cannot accomplish this, how to purchase ready-made food. More complex information, particularly the
impact of consumption on health, is however more difficult to evaluate and that effectiveness of these
recipesishard to test in many cases. The questions the consumer needs the answer to are of thetype“isthis
guantity of agiven consumption good best for my health and that of my family?’ and “istherecipe by which
| transform this good into its final form optimal?’ Such knowledge is often complicated and hard to verify.
While the difference between households and firms is thus one of degree, the degree is of decisive
importance here. All told, households are subject to quite different competitive pressures and information
constraints in their choice of techniques than firms and we should not be surprised to see the proliferation
and persistence of long-term practices and techniques that appear to usto be inefficient and inferior given
certain objective functions.

Consider the question of disease prevention. While it is of course true that to some extent it had
always been felt that cleanliness was healthy and desirable, the basic knowledge of infectious diseases and
their transmission mechanismwas developed in thelast third of the nineteenth century, nutrition sciencewas
not developed until the 1910s, and a detailed understanding of the immune system not until after 1945. In
the absence of scientific knowledge, past consumershad two options. They could either follow folk traditions
and obiter dicta from people they trusted (priests, schoolteachers, medical people, "wise women,") or rely
on their own experience. It seems plausible that in the absence of an understanding of the nature of disease,

they tended to accept authority without much question.> In apost-enlightenment age of growing rationalism

° Pliny writes "minus credunt quae ad suam salutem pertinent, si intelligunt.” (People believe less in things
pertaining to their health if they can understand them).
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and empiricism, authority and tradition necessarily lost power and peopl e started to question age-old beliefs.
Testing the effect of consumption goods on health, from garlic to hard soap to quinine, ran into inference
problems because the number of variables usualy was large, the number of observations small, and the
effects of consumption often followed with along and unknown time-lag. Comparing aternatives, let alone
evaluating the costs of type | and type |l errors, was thus difficult and many consumers continued to rely on
traditional knowledgeand old wives talesin choosing reci pes. Many of those practices may have been sound,
and some of them are being confirmed in our own age by multivariate research. Y et in the absence of an
understanding of what makes one ill, consumers often had to make their decisions on the basis of "black
boxes."

More generaly, the approach | advocate below is akin to the so-called cognitive limitations model
(closely related to Simon's bounded rationality ided), in which consumers are neither perfectly informed nor
totally ignorant of the implications of their choices. They try to process the information available rationally
in making their choices. Y et in so-doing, they are limited in at least four ways. First, the best information
available may be defective or even completely fal se. Second, best practice knowledge may fail toreach large
segments of society. Third, alternative and competing dogmas (scientific or otherwise) may exist, making
it difficult for consumersto decide which oneto prefer. Consequently, they may have accessto best practice
knowledge and yet refuse to follow its recommendations, not having been persuaded that the health
advantages of aparticular good areworth the costs or effort. Finally, because often the costs or benefitswere
intermsof changed probabilities rather than certain effects, consumers may have made systematic errorsin
assessing the stochastic impact of their behavior. Low probability events are often either under- or
overestimated by consumersdepending on how thematter isbrought to their attention; large-probability risks
are systematically underestimated (See e.g. Viscusi, 1992, pp. 22-24 and sources cited there).

Aboveall, an explicit consideration of household technology in an evolutionary approach provides
another explanation of the Demographic Revolution, especially the second stage of it in the late nineteenth
century, when mortality rates (and especially child- and infant mortality ratesdeclined rapidly). Thisdecline
has remained one of the most lively subjectsin theliterature of economic history and historical demography.

As well it should be -- surely, from the point of view of the standard of living it ranks among the most



6

momentouseventsin history. Itisapparent that scholars havefailed to taketechnol ogy properly into account
in explaining thisevent (Mokyr, 1993; Easterlin, 1995). Onceit became clear that medical science could not
take credit for thedeclineininfectiousdisease, economic historians hastened to either support the notion that
rising incomes led to rising nutritional status which in turn strengthened the body'simmune system's ability
to ward off infection, or to reject that notion altogether and in its stead to accept the “reduced exposure”
notion according to which public works improved the environment in which most people lived enough to
reduce the incidence of killer diseases. The framework proposed in this paper combines elements of both
these approaches in a somewhat different way. It is proposed as a complement rather than as an aternative
to these theories. For more details, see Mokyr and Stein (1996, forthcoming) and Mokyr (1993, 1995).

A Simple Model

Toillustratetheinsight that thismodel providesfor the decline of mortality in Europe, assumethere
aretwo goods, A which actually enhances health, and B, which does not affect it one way or another.® This
simple set-up isdrawn infig. 1. If the consumer istotally unaware to the effect of A on his health, she will
choose point /I\E ignoring the indirect effect of A on H in the process, implying an overall level of H of A
which istaken parametrically. A consumer who isfully aware of the healthy effect of A will optimize over
A, B, and H (A), choosing E' with the corresponding level of health H**. A consumer who operates

somewhere in between will choose apoint like E* or E**.

*The assumptionthat B and H areindependent isnot innocuous. Asshown inthe appendix, if both goods affect
health in ways that are imperfectly understood there is no unambiguous rel ation between learning and health improve-
ment and in those cases “alittle learning could be a dangerous thing.”



Good B (health-indifferent)

N
U(A,B.H) = U*

U(A,B,H(A)) = U*

Good A (health-enhancing)

Figurel



Good B (health-indifferent)

Good A (health-enhancing)
Figure2

Fig. 2illustratesthat there are three waysin which health canimprove. Oneisthrough rising income, holding
knowledge constant. If A isanormal good, consumption of A rises with income (from E, to E,), and thus
health improves. A second change is a change in relative prices, favoring A over B. Technological change
favoring A over B (of the type we have termed "household technology") would have this effect, as did the
public works projectsin the late nineteenth century that provided sewage works, clean running water and
inspection of food that can all be regarded as a decline in the relative price of goods with a high health
elasticity, causing a substitution effect that improved health.” This move is described by the move from E,
to E,. Finally, we can view the change as alearning effect in which consumersincrease their consumption

of A at the expense of B, going from E* to E** intermsof fig. 1. Thiswould cause them to switch shift from

At times, changesin relative prices had totally unintended side-effects on health. Economic reformsin post-
Communist Central Europe drove up prices of fatty meat, encouraging Czechs and Slovaks to eat more fruits and
vegetables; the result was adrop in cholesterol intake and obesity and adecline in heart disease (The Economist, Jan.
7-13, 1995, p. 42).
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aninitia point like E, to ahealthier point like E,. Such a movement would be tantamount to an increasein
efficiency and impliesavery high rate of return on government programsin nutrition, health education and
propaganda.®

Thiskind of setup explains consistent and repeated selection of “inferior” points such as E* in fig.
1 by stressing the failure of consumers to realize the indirect effect of consumption on health. The
suboptimality of thispoint isamatter of definitions. We can, of course, define the maximization process of
(1) as subject to three constraints: the budget constrain, the time constraint, and an information constraint.
If we allow an information constraint in explicitly, point E* would be considered as optimal . From an ex
post analytical point of view this seems a dead end: since the information constraint, which is really a
subjective prior on aprobability distribution, is never directly observed, no selected technology would ever
seem suboptimal. One reasonable approach might be that the “best-practice” science at the time be
introduced asaconstraint. No consumer in the past could be said to have made suboptimal choicesby failing
to follow rules nobody knew at that time. Y et any consumer who did not use the best available knowledge
could have done better. That they did not do so isin no way surprising, nor is it necessarily evidence of
irrational behavior. The fact that something is known to somebody at a given point of time does not mean
that thiswas obviously accessibleto everybody. It does suggest that the diffusion of best practice techniques
may lead to increased health and higher life expectancy even without rising living standards (Mokyr, 1993;
Mokyr and Stein, 1994).

In practice, distinguishing between changesin household behavior and relative pricesis not always
easy, and decomposing observed changesbetween movements from E, to E, and E; in terms of fig. 2 in

historical reality may prove tricky. In many cases, improved understanding simultaneously affected the

®A modern World Bank study estimates that micronutrient (vitamins, iodine, iron etc.) deficienciesin third-
world diets cost these countries 5 percent of their GDP while they could be remedied at acost of 0.3 percent of GDP --
arate of return of 1600 percent. The trouble is that even today many governments are unaware, for example, of the
importance of traces of iodinein the food causing blindness and cretinism. Very small redeployments of resources can,
at times, providetechnological fixesfor seriousmedical problems-- the addition of Vitamin D to margarine eliminating
rickets in Europe early in this century (The Economist, Nov. 23, 1996, p. 100).

*The possibility that aconsumer is"aware of" better recipes but refusesto adapt (that is, sheis not persuaded)
must be considered as a specia case in the information constraint.
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demand and the supply sides, and the shifts were often coordinated.'® Y et this should not blind us to the
fundamental difference between househol ds responding to achange in their knowledge, which isademand
side phenomenon, and a change in relative prices faced by the household which is on the supply side.

To distinguish between the alternatives, it isuseful to set up the problem alittle more formally.** As
in standard theory the consumer j maximizes a utility function:
(1) U =UXy ... X, H Le Lp)
where H is a composite variable of family life expectancy and health, L's are time spent on leisure and
domestic work respectively and consumption is subject to the usual budget constraints *X,P, =Y and
Le + Ly + Ly = L. The special characteristic of this setup is that H is determined by the household
production function:
(2) H=E+f(X,..X, Lp)
E isacommon factor independent of the consumption basket ("environment"), f isthe household production
function that transforms the goods consumed and time spent producing them into better health and longer
lives for the members of the household. The function f is an unobserved technical relationship. It converts
the X'sand L, into avector of characteristics that describe the individual's physical well-being given some
level of E. The food component of the X's takes account not only of caloric intake but also of vitamins,

minerals, fiber, substances combatting free radicals such as anti-oxidants and so on. Home-heating,

In some cases, the technical problems were easily solved once the benefits were recognized. An exampleis
theincreasein demand for hot water. As Siegfried Giedion has pointed out, the early nineteenth century household still
drew most of its hot water in buckets from the kitchen, as it had done in Homeric times. This changed suddenly after
1850 or so, when avariety of boiler designs started to appear. Few of these incorporated technical knowledge that had
not been available at the time of Louis X1V, but the universal understanding that hot water was essential to hygiene and
thus good health became the driving force behind these changes in technology.

“The approach here is a special case of home production, and | have not bothered to include most of the
comparative staticsresultsasthey arewell known. The seminal work hereisBecker (1981). For arecent good summary,
see Cigno (1993). An application to health of Becker'sframework seems obvious. For an early example, see Grossman
(1972).

 Whether H measures life expectancy alone, "health" (the absence of morbidity) or some combination is a
difficult issue. Theissue seems more perplexing for today's medical environment in which morbidity and mortality are
less closaly connected. In the agein which infectious diseases were the main causes of death, the distinction seemsless
acute, though Riley (1991b) suggests that while mortality declined during the 19th century, morbidity was on arise.
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cleanliness, medical care, and physical exercise are other examples of X's that enter equation (2). The
function f describes such effects as exposure to harmful micro-organisms and chemicals, the impact of
behavior and nutrition on the cardiovascular system, aswell asthe interaction between consumption and the
human immune system. Moreover, f is assumed to satisfy the condition that the conversion isefficient (that
is, no X's are wasted in the production process).”® The shape of f is, however, not fully known to best-
practice science, much less to the household. Behavior is therefore determined by the function:

() Hf=E+ -i [A-,]F(X;Lp) U]

Where Hfisthe prior that the consumer has over the determination of H, E is an environment over which
the consumer has no control, A; is a constant shift factor that measures the degree to which the "best-
practice" graspsthetrue effects of recipes, and ,; isan individual-specific measure of the difference between
thisindividual's technology and the best-practice technology regarding good i. Theterm A-,; measures the
degree to which consumer | is aware of and believes the mapping of X, into H. We define it here for
simplicity as a multiplicative deviation from "ideal" priors. There is a vector A of best practice recipes
associated with the X-vector, but households may not be using the best-practicetechniquethusbeing , below
where they would be if they followed best practice.

A few remarks on equation (3) arein order. First, we can define alevel of consumption: X™*, which
is the vector of consumption which maximizes U after substituting (2) into (1). This assumes a world of
perfect information in which al A's equal unity and al ,'s zero, corresponding to point E' in fig. 1. This
means not only that scientists have exactly figured out the functional relation between H and every X, but
that everyone has accessto that knowledge, believesit, and usesit flawlessly so that the consumer maximizes
U(X,H, Lp,Lg) "correctly" subject only to the budget constraint. Second, we may define 5\( a vector of
consumption for aconsumer who is completely ignorant of the effect of consumption on health, so that A-,;

=0 for all X's, corresponding to E in fig. 1. Here consumption is entirely based on “primitive” utility

L By this| mean that each X isdirected toward the use whereit can achieve the best effect on H. For instance,
the body allocates proteinsto the formation of new cellsrather than burn them up for energy, and there are no parasites
consuming some of the X's. This assumption is required so that for each set of X’sand L, there exists a unique level
of H for each individual. Thisimpliesthat the crucial part of each recipeis the quantity and quality of the ingredients
and not the details of preparation -- clearly a simplifying assumption.
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maximization strictu sensu disregarding the effect of the X's on H. We define the actual consumption,
conditional on A -,; of consumer j of good i, as X" wherenormally for each good X" 0 X™, K.t ispossible
that the completely ignorant consumer would consume by coincidence just the right amount of some X's (5\(
=X,;"), which holds for example if F‘(f(i) =0, so that X; has exactly zero marginal impact on health.** It is
also possible that R issuch that its average impact on health is quite significant even when A is quite low.
In some historical cases, consumption patternsdid lead to high level s of health asan unintended by-product.
Perhaps the best known example is the heavy dependence of the pre-famine Irish on potatoes, which pro-
duced a comparatively healthy and tall population despite the economy's low levels of income and the
absence of any systematic knowledge of the nutritional qualities of the potato. Furthermore, if a good
satisfies X" >0 and 5\( =0, we have what we may call a pure health good, such as snake oil or antibiotics,
which conveys no utility except its putative medical effects. If agood satisfies F'(ﬁ\() =0, even acompletely
ignorant consumer receivesthefull health-enhancing effect of that good merely asaby-product of hisor her
appetite.

Second, it may be noted that, because when X* O X™ we are looking at a “second best” kind of
situation, a partial improvement (an increase in A or a decline in ,) cannot be guaranteed to raise the
objective function H (although they arelikely to). The formal demonstration of this proposition in asimple
two-good model is presented in the appendix, but the intuition is quite straightforward: since the consumer
has to spend her income, she will pick a certain combination of goods according to her taste and partial
information. By updating her information on one particular good, and learning that thisgood is better for her
health that she had previously thought, shewill increase consumption of thisgood, but therefore by necessity

reduce consumption of another good. There is no guarantee that the loss in health from curtailing

“ This would occur if, for any X" which maximizes utility, the following condition happened to hold:

WUWH o WU
MHMX, — MX P,
WUNH o WU Py
MHMX,  MX

i
Where P, isthe full price of X; (including time cost) and MH/MX,=F".
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consumption on other goods is less than the gain from increasing the good in question.

Third, there are few a priori constraints on A and , and thus on the relation between X" and 5\(
Consequently the effect of changesin A and , on demand depends on F (the marginal impact of any good
on health) aswell ason prior levels of Aand ,. Normally, we would presumethat 0 < A < 1, that is, best
practice is neither perfectly informed nor completely ignorant. In principle A could be negative, meaning
that "best practice" technology is worse than complete ignorance, for example, when it believes that a
particular good, whichisactually harmful, enhanceshealth (for instance, the smoking of tobaccowaswidely
prescribed by 17th century doctors as a cure for avariety of respiratory afflictions; marijuana, in our own
age, may be an example of thereverse). Itispossible for Ato be positive yet A-, isnegative (when mistaken
folk "wisdom" overridesthe knowledge of scientists). It iseven conceivablethat , isnegativeinwhich case
(assuming A < 1) the consumer is actually doing better than the best-practice technology recommendations.
This could occur when the health-enhancing practices are adopted for extraneous reasons (e.g., diet
restrictions based on religious considerations). It is possible for A-, > 1 to be true. This means that the
consumer is exaggerating the perceived effect of the good on her health and thus overconsuming it to the
point where its quantity is superoptimal. Fourth, this set-up shows that health could be improving even
without any increasein A-, but ssimply becauseincomewent up and with it the quantities of health-enhancing
goods consumed. Thisis not necessarily the case, however: rising income does not guarantee an increasing

H. For this to occur, we have to assume that

§ MF X
“) WX Y

that is, the correlation between income elasticity and the health-enhancing effect of all goods together is
positive. This condition does not hold invariably: many goods were desirable but health-impairing (such as

alcohol, urban living, prostitution, or tobacco) and others were healthy but had negative income el asticities
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(potatoes).*

Thisformulation abstracts from the historical reality in anumber of obvious respects. Oneisthat it
makes no distinction between the household and the individual. In the actual historical experience, the
household made decisions and allocations that affected a collection of individuals in different ways, and
complex bargaining may have been involved to determine how the X'swould be alocated. Thisisespecially
important becausethe new recipesof cleanlinessand good housekeeping tended to be costly intermsof time,
but this time-cost was disproportionately born by women (Ruth Cowan, 1983; Thomas, 1995). In other
words, the L, may be supplied by a different person than the person whose , appears in equation (3). If
different membersof the household disagreeabout , , itisfar from clear how to aggregatethe different values
of the H®'s and thus how the actual decisions are made.® Thisis compounded by the nature of H itself:
rather than a composite variable, it really is a matrix of variables, with a vector of health characteristics
defined for each member of the household. How one trades off the health of one member against another
remains an intrahousehold bargaining problem. Another problem isthat it abstracts from inter-household
externalities. In an age of highly contagious disease and shared kitchen- and toilet facilities, neighborhood
effectswere of substantial importance. In effect, these would introduce the X's consumed by one household
as arguments in the equation for H of another. Thirdly, when industrialization caused more and more
individual sto spend large amountsof time outsidetheir homesinwork places, H wasaffected by theworking
environment aswell, an effect that could be included in the shadow price of leisure. Fourthly, by migrating
between rural and urban environments, individuals could indirectly choose among different values of E.

Before 1890, urban environments were, on the whole, far more noisome than rural areas, and urbanization

' Furthermore, an increasein wages increases the opportunity cost of time, and thus increases the cost of the
household work, an important input into the L-function. It is possible that an increase in income will increase the
demand for leisure and lead to awithdrawal of household labor from the home and the purchase of substitutesthat are
not as effective in maintaining health. Increased use of daycare centers may be a good example of such an effect of
income rise.

“Interesti ngly enough, recent work on intra-household bargaining deal with cooperative and non-cooperative
solutions to the consumption of common (“public”) goods on which the members have different preferences, but do
not deal with the possibility that they may have different views on how common preferences are to be achieved. See
Lundberg and Pollak (1996).
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in the nineteenth century clearly slowed down the mortality decline. Finally, the analysis above abstracts
fromthe often complex dynamic relation between some of the X'sand H: whilethe symptoms of Salmonella
poisoning occur within afew hours of exposure, some parasites do not cause symptoms until months later
and resistance to tuberculosis can take years to build up. The eating of raw cabbage reduces the probability
of colon cancer decades later. Such lags may make it difficult for a household decision maker to draw in-
ferences about A and thus may be responsible for the persistence of large ,'s.” Many of the X's have the
interpretation of investment, as consumption today may affect health many yearsin the future (Grossman,
1972). It istempting to incorporate the dynamic aspects by including a set of different time periods and a
discount factor to weigh the future less than the present, and to account for the probability of not surviving
the next period. Thisdiscount factor itself has an interesting interpretation; as life expectancy improvesin
society as a whole, each consumer will believe that he or she has a greater probability of survival. The
discount factor will fall and as a result the consumer may wish to participate more in life enhancing effort.
Yet life expectancy itself determines simultaneously the subjective rate of discount, producing positive
feedback in the investment in health.

Another dimensioninwhichthisanalysisoversimplifiesisthat the consumption of health-enhancing
goods may be constrained even if the consumer is aware of their benefits. Thiswould occur if there are, for
example, indivisibilities in the consumption of certain goods. One cannot have half atoilet, of course, and
whiletoiletsand kitchenswere shared between families, thisgaveriseto seriousexternalities. A cleanwater-
supply piped in from a distance was clearly something that households could not provide for themselves
individually. Many private goodswere complementary with these publicly provided goods: aflushtoilet was
aprivate good, but could not be used without publicly provided sewage and running water networks. Thus,
some of the X's with the most favorable impact on H had a public good character, from the drainage of

swamps to the inspection of milk quality. Y et the realization that some of the X's were not easily provided

"Thus, it is difficult to explain the failure of people to give up smoking despite the obvious knowledge that
smoking is health-endangering without taking account of the long time |apsing between the beginning of the smoking
habit and the penalty. Y et the smoking example also shows that there are more complex forces at work, because the
United Statesis clearly much more attuned to the dangers of smoking yet there is no evidence that the subjective rate
of discount is much lower in the United States than in Japan or Europe.
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by the market does not invalidate the analysis. Oncethe consumersare aware and persuaded of the beneficial
effects of certain public works, they will demand from their politicians the provision of the goods with the
desirable characteristics, shifting the action from the commodity market to the political market (Brown,
1988). Moreover, political decision makers, too, were subject to learning and persuasion, and a function
similar to equation (3) above can be written down to describe how they were persuaded by new knowledge
to change the bundle of public goodsthey provided. Much of theliterature has, in fact, focused on the public
dimension of health improvement, neglecting aimost entirely the private learning by households.

Furthermore, the simple model ignores the basically stochastic nature of equation 2. When we say
that F'(X;) > 0, what we really mean that prob (H > H')*X" > prob (H>H")*X™" if X" > X™. That is, if the
consumer consumes more of X, his or her chances of being healthier are better. This observation is
immaterial if she fully understands that in some cases the relation does not work and maximizes expected
utility, that is, the consumer has a prior estimate of )P, the difference in the probability of contracting a
disease conditional on two different levels of consumption of X. Such “statistical” thinking, much asit is
natural to our own age, was till in itsinfancy in the middle of the eighteenth century.*® Consumers drew
upon thewisdom of the past and upon inferencesfrom their own limited experience. A few exceptions might
bemisinterpreted as*” counterexamples’ to aniron rule and persuade consumersthat ausel ess procedure was
beneficial or the reverse.

Of central importance to the question of technological selection by households s the allocation of
time. Assume for smplicity that the time worked outside the house, L, isfixed. Let A, and , , denote the
values of A and , with respect to time allocated to housekeeping labor.™® Then the equilibrium allocation

of timeis given by the equation

(5) MOWH A &, 0 W - Y
MH ML, ML, Mg

*® Modern work on risk assessment related to smoki ng shows that consumers have a reasonably accurate
estimate of ) P. See Viscusi (1992).

“Note that L, can be spent on many different chores, and that the effect of each chore on H may be quite
different. We are assuming here that the marginal effect of health work is equal aong the various chores.
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which describes the equilibrium at point V in figure 3. The left hand of the equation defines the curve DD
and the right hand EE. An increase in Ap-, b, due to an increased awareness of the health benefits of clean
environments will shift the DD curve to the left and will decrease the consumption of leisure from OL, to

OL, and increase the amount of work carried out inside the house from L,P to L,P.

MU(Lg) E MU(L,)
D

D’ |
|
| |
D I I

| | E

L2 | ||—1
Time spent on leisure (6) or homework (7)
Figure3

Theframework described hereal so hel psin understanding the simultaneous determination of L, and
itsprice. Consider fig. 4, which resembles a standard demand and supply curve, but is sufficiently different
fromit to merit some explanation. The X-axis measuresthe output of domestic work in"units of cleanliness"
-- clearly ahypothetical index number. The Y -axis measures hours spent per unit of cleanliness. The total
amount of time spent on cleaning is thus a rectangle such as HEOC. A technological change in household

technology (say, the adoption of the vacuum cleaner) as distinct from househol d recipes, depicted by a shift
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in the curve SS to S'S, has an ambiguous effect: on the one hand the marginal product of an hour of

homework is higher than before, but on the other hand the marginal utility of more cleanlinessis declining.
Depending on the elasticity of the DD curve, the number of actual hoursworked could increase or decrease.
With some reasonable assumptions on the shape of DD, it must be the case that as SS keeps shifting to the
right the inelastic segment of the DD curve will be reached and the household will enjoy simultaneously
higher cleanliness and more leisure. If, however, the DD curve shiftsto theright aswell, this result will no
longer hold, and at a point such as E" we can be sure that the house isalot cleaner, and that it islikely that
the homemaker hasto work harder. The point is of coursethat any increasein A-, isequivalent to ashiftin
the DD curve since the demand for cleanliness is a derived demand, dependent on the marginal utility of
health and the perceived marginal effect of that cleanliness on health. Thus changes in recipes led to an
increase in hours spent cleaning. It should be added the curve DD could also shift out in response to other
changes, especially rising incomes. Larger houses and wardrobes required increased cleaning time even for

agiven set of knowledge; adeclinein the availability of domestic servants (due, for example, to exogenous

Hours spent per
unit of cleanliness

D

I
I
I
|
o C Units of cleanliness
Figure 4
increases in their opportunity costs) would have a similar effect. It is also possible that homemakers in-
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creased their appreciation of cleanlinessfor itsown sake, and that asanormal good it increased withincome.
But leisure was a normal good as well, and the net change in time allocation depended on the respective

elasticities.

Three Scientific Revolutions

Theeconomist'smodel of thediffusion of technology isimportant to the understanding of the change
in household behavior but it is not sufficient. In most technol ogical models the diffusion of knowledge and
itsimplementation are more or lessidentical, unlessthere areidentifiable barriersto implementation. Inthe
household technology model we livein adifferent world in which decision makersare unsure about thetrue
effects of the change in behavior. Individuals may think that it is possible that the new technology has a
positive effect on H, but thereisno cheap way to experiment and find out for sure. In other words, they have
aprior probability distribution on the size and magnitude of MH/MX;, but this prior can be updated by new
information much of which isexternal. Aslong asthey are in serious doubt, we need to know what the loss
functions are that are associated with type | and type |1 errors before we can understand why a particular
recipeisor is not accepted.

The model presented above suggests that there does not necessarily haveto bea“true’ value of the
optimal consumption or if thereis, it may not be knowable. What counts, above all, iswhat people believe
to be true about the material world around them and how their actions and the way they run their lives affect
their physcial state. People can, however, be closer or further from the truth in measurable amounts. The
problemisin part one of knowledge, of course, but there must be moreto it than that. As biologist Richard
Lewontin (1997) has observed, “the reason that people do not have a correct view of natureis not because
they are ignorant of thisor that fact about the material world but that they ook to the wrong sourcesin their
attempt to understand it.” The point, however, is that one can follow better recipes even without having a
“correct view of nature” aslong as oneiswilling to accepted procedures and rules of thumb that happen to
improve health. Decision makers haveto be persuaded that, for example, MH/MX; < O (the good isunhealthy)
means they should reduce the consumption of the otherwise desirable good X;. Persuasion means rhetoric,

conventions, and socia pressures, phenomena that normally do not play much of a role in models of
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technological change.” It isat thisjuncturethat the social construction of technology of Bruno Latour meets
the natural selection models advocated by Donald Campbell (1960) and Robert Richards (1987). The point
isthat selection mechanisms determine which new techniques will be accepted and adopted. Here rhetoric,
marketing skills, political influence, prejudice, as well as path dependence, emulation, and social learning
come into play. The selectors have to pick technologies but absent hard evidence of the superiority of one
option, will follow social conventions and traditions. Persuasion requires shared standards of evidence,
chains of authority, and accepted rules of logic. Changes in these conditions, no less than the information
unearthed by science, are the background to changes in health and longevity.

In the past two centuries household behavior has been affected by science far more than has been
redized.” This is not necessarily because science is “right” but because scientists have increasingly
influenced the way common people have thought about the natural world. Scientific knowledge was
generated of course by afew men and women who pushed the best-practice technique A forward. Increases
in A were followed by changes in individual behavior, that is, declines in ,, the gap between best and
average practice techniques. To get households to change consumption bundles requires considerable
persuasion because any movement, say, from E* to E** (fig. 1) involves aredepl oyment of the consumption
basket. Furthermore, anincreasein H thanksto cleaner homes, improved child care, and better prepared food

required more work at home, that is, required a reallocation from L to L, as shown in fig. 3. What was

®Innovation in agriculture in premodern Europe, precisely because it too depended on decisions made by
households in a weakly competitive environment, is comparable to the framework discussed here. Such innovations
usually took the form of higher yield of agiven crop or higher income in case of anew crop. Y et what it amountstois
achangein one of many independent variablesin an equation where some"income” variableisthe dependent variable.
The proper test of afavorableinnovation isthat its partial effect on the farmer's objective functionis positive. A formal
definition of animprovement would bethat the distribution of output conditional ontheinnovationisin someway more
desirable than the distribution conditional on the old technique. However, to persuade the farmers of past centuriesto
adopt such new techniques must have been less than trivial given their limited opportunities to experiment and their
inability to conceptualizelet alonecarry out thekind of statistical analysisthat modern researchershaveat their disposal.
When somebody truly believed in a new technique, they tried to persuade other practitioners. The rhetorical efforts of
such propagandists as Jethro Tull and Arthur Y oung are only the best-known examples of arhetoric in which the net
effects of certain new techniqueswere sold to the masses. Thispersuasion may have been difficult: it certainly wasslow
and highly uneven. Technological progressin agriculture, according to one witticism, advanced at the rate of amile a
year.

A notable exception is Tomes (1990).
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responsible for these changes? The answer is complex, but we can readily identify the advances in best-
practice techniques. Describing what exactly households knew and believed and how they were persuaded
to change their behavior through persuasion is of course a much more complex task. As a general
proposition, however, the decomposition proposed in equation (3) suggests that two elements can be
examined separately: the better knowledge that people in authority possessed about disease and health, and
changes in the influence that they exerted on daily consumer behavior and household management.

It ismy contention that there were three separate el ements that changed household behavior in the
period between 1815 and 1945 which jointly account for a substantial portion of the declinein the decline
in morbidity and mortality ratesin the West. In practiceit is difficult to separate between these sources, but
they havedifferentintellectual origins. Oneisthestatistical revolution that began after 1815, picked up enor-
mous momentum between 1830 and 1870 through the sanitary and hygienic movement that swept the
Victorian era, leading to awidespread if unfocused war against dirt under the vague perception that dirt and
disease were correlated.” The second element is anchored in the period between 1865 and 1914, when the
germ theory and other developments led to afuller scientific understanding of infectious disease and thus
to specific recommendationshow to avoidinfection. Thethird stagewasthe devel opment of nutrition science
and the basicinsight that certain compoundsin small quantities are essential to the avoidance of disease, and
that therefore diets need to be adjusted to make sure that basic vitamins and minerals were part of the diet.
These developments on the whole preceded the emergence of curesto infectious disease due to antibiotics.

The statistical movement grew out of the enlightenment movement and led to the devel opment of
nineteenth century epidemiology. It provided data supporting the close relation, long-suspected, between
consumption patterns, personal habits, and disease. The statistical movement presented one way out of the
household’slogical dilemma: how does an individual know that a given technique affects the health of the
memberswithout being ableto carry out an experiment inlaboratory conditions?Until today inferencesfrom
large samples have remained the logical foundation of much research in epidemiology and public health.

Theroots of thismovement went back to the eighteenth century, especialy to the debate around the

“For someinsi ghts in the emergence of the statistical method in post 1830 Europe, see especially T. Porter
(1986), Eyler (1979), Coleman (1982) and Cullen (1975).
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efficacy of the smallpox inoculation procedure, the beneficial effects of breastfeeding, and the bad effects
of miasmas (putative disease-causing elements in the atmosphere) (Rusnock, 1986; Riley, 1987). But its
intellectual core was the growing interest in statistics and the analysis of what we today would call "data"
dating to the decades after 1815. The founding of the Statistical Society of London in 1834 led to an
enormous upsurge in statistical work on public health. The sanitarians' insight that disease was correlated
with lack of sanitary conditionswas of course correct and hardly new but the persuasiveness of statisticsin
this regard added a new dimension to the public health debates. The statistical movement, in the best
traditions of inductive reasoning, collected large amount of data, analyzed them, and then used the
information to lobby for improved hygiene. In Britain, William Farr, William Guy, and Edwin Chadwick
were the leaders of this sanitary movement, but it encompassed many others.?®

The connection between the sanitary movement and data collection was essential. Between 1853
and 1862 no lessthan aquarter of the papersread before the Statistical Society of London dealt directly with
public health and vital statistics®. In France, the work of René Villermé and Pierre C.-A. Louis applied, in
different ways, the tools of statistics to medical knowledge (Lilienfeld, 1978; Coleman, 1982).* The
statistical approach had some major successes in clinical medicine: empirical observation led first Ignaz
Semmelweiss and then Joseph Lister to conclude that infected surgical instrument and dirty doctor'sfingers
caused outbreaks of post surgical feversalthough neither of them knew precisely why (Lister soon found out
after learning of Pasteur's work). Farr and Snow observed empirical regularities in the outbreak of Cholera
in London and inferred from them that the disease was transmitted by infected water (though they did not
know what it was in the water that made peopleill). In asimilar way, William Budd demonstrated in 1856

the samefor typhoid. Louisin France discovered on the basisof careful counting that the bleeding of patients

®For details see especially Flinn, 1965.

M any socia reformers and activists such as Henry Mayhew and Florence Nightingale were life-long and
enthusiastic members of the Statistical Society. See especialy Wohl (1983).

*The statistical movement had to overcomeconsi derableoppositioninthemedical community. What may seem
obvious to us was regarded with great skepticism by nineteenth century doctors who felt that the use of statistics was
mechanical by presuming a homogeneity among patients that was inappropriate in medicine (Gigerenzer et a., 1989,
p. 46; Porter, 1986, pp. 152-62).
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infected with pneumoniadid them no good and began a movement that eventually led to the abandonment
of the practice altogether. L east emphasized yet demographically perhaps most important was the effect of
statistics in helping to persuade the masses to change their lifestyle and household behavior.

It is easy to underrate the rhetorical power that statistics lent to the spread of hygiene. Literally
hundreds of tracts, newspaper articles, pamphlets, lectures and government reports were published in the
nineteenth century, all pointing to thedirection of improved healthif the consumer choseto practicetherules
of cleanliness. Statistics were used to persuade the masses, but more importantly, they persuaded people of
authority in key positions to influence others. Farr and Chadwick were also leaders in the Statistical
Movement. Their findings were disseminated by influential people: the Metropolitan Health of Towns
Association was founded in 1844 to "diffuse among the people the valuable information elicited by recent
inquiries and the advancement of science [and] the physical and moral evils that result from the present
defective sewerage, drainage, supply of water, air, and light, and construction of dwelling houses." Among
its early members were T.R. Malthus, Charles Babbage, Earl Grey, Disragli, Bulwer Lytton and the Earl of
Shaftesbury, a leader of the factory reform movement (Wohl, 1983, p. 144). The Manchester Statistical
Society (foundedin 1833) contained primarily membersof theindustrial and commercial bourgeoisie, people
who in many ways were social models, to be followed and emulated by their lessers. The empirical regu-
laritiesdiscovered by the statisticiansthusfiltered down vertically through the social layersof society. Once
the scientists and statisticians had persuaded the literate and educated public, well-meaning organizations
run by middle-class ladies such as the British Ladies National Association for the Diffusion of Sanitary
Knowledge (founded in 1857) took over the task of persuading the masses.?® Between 1857 and 1881 this
Association distributed a million and a half tracts loaded with advice on pre- and postnatal care, making
millions of house-visits, spreading the gospel of soap and clean water, and the evidence is that in the late

Victorian period the poor were receptive to these volunteers (Wohl, 1983, pp. 36-37). The Association also

*The underlying assumption was that a“ principal cause of alow physical condition isignorance of the laws
of health” --(cited by Williams, 1991, emph. added). Theselaws, Williams points out, werethe laws of “ physiology and
chemistry” as well as the ethical commandments of a divine lawgiver. The importance of the propaganda of these
organizationsis that households should take responsibility for their own health and well-being rather than accept their
misfortunes fatalistically.
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published tracts on diet and either taught cooking classes or campaigned to have it taught in elementary
schools (Williams, 1991, p. 70). At alater stage, statistics and numbers were used with powerful effect on
the masses directly. Contemporary pamphlets used statistical rhetoric to underline especially one crucial
recipe, theimportance of breast feeding.?” A graphical example of such rhetoric isthe famous"Eiffel Tower
Diagram" picture produced by Dr Pierre Budin (first published in 1900), which showed the advantages of
breastfeeding. The diagram is reproduced asfig. 5.

The statistical movement led to the launching of a variety of public campaigns to reform
consumption habits, but itsfull effectson the population'shealth remained limited until latein the nineteenth
century.?® It seems plausible that attempts of science to reform consumption habits based on empirical
regularities alone would ultimately be limited in their effectiveness. Persuasion based on statistics depends
on the susceptibility of society on such arguments and thus on education. Above all, the reliance on quan-
titative dataindicate the lack of understanding in the medical world of the sources of disease and the distrust
with which much of the public still regarded them. Moreover, statistics were viewed as furthering our
understanding of aggregates, while obscuring the peculiarities of each individual household, so itsfindings
might not provide sound adviceto each decision maker. The concept of expected utilitarianism, in which the
probabilities were determined from population means was still not widely accepted. What was needed was
amodel that could be shown to be responsible for the cause and effect relation and provide guidance in
making choices. Without the benefit of such amodel, it was difficult for households and the authorities to
choose correctly as correlation was perceived to be different from causation.” Even when the statistical
evidence is so abundant asto be overwhelming (asisthe case with smoking in our own time), the rhetorical

strength of statistical logicislimited. For that reason, the sanitary movement declared hygieneto be virtuous

*’Home economics textbooks such as Hitchi ng (1912, p. 148) emphasizes the fact that babies fed on mother's
milk have aten times larger chance of surviving than bottle fed children.

®seefor example the various essays in Woods and Woodward (1984), esp. pp. 148-202.

*William Budd, for one, was actively opposed by those who insisted that typhoid fever was caused by
spontaneous generation and it took twenty years until his recommendations were incorporated in the Public Health Act
of 1875 was passed (LeBaron and Taylor in Kiple, p. 1075).
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in the "cleanliness is next to Godliness" mode, but such campaigns, much like the Temperance movement,
were as often based on moralistic arguments as on empirical and logical reasoning and as such their impact
remained limited to those susceptible to this type of rhetoric.

Nineteenth century empirical datawere, moreover, highly deficient and incompl ete as pointed out
by contemporary writers such as Henry Rumsey (1875). Most of the inferences used simple tabulations, had
no controls, and almost never recognized the distinction between partial and total effects, to say nothing of
endogeneity and omitted variables biases. Consequently the movement ran into the dilemma that it
recognized that a cluster of social problems -- poverty, urban congestion, lack of sanitary facilities, bad
nutrition -- were correlated with high mortality rates and epidemics, but it did not know how and why this
was the case, and consequently it ended up recommending the wholesale elimination of poverty and slums
as the only possible remedy for disease. The rhetorical power of empirical regularities, no matter how
sophisticated the statistical methods employed, runsinto diminishing returns.

The rather bumbling, groping, purely empirical approach to the prevention of disease of the sani-
tarians and statisticians before the appearance of a model provided by the bacteriologists should not be
sneered at. Empirical regularities have not been abandoned as a method of understanding health and disease
as our own age struggles in rather similar ways with coronary disease, cancer, certain viruses (including
HIV), and autoimmune disorders. The continuous rise and fall of red wine, green cabbage, garlic, hot chili
peppers, cholesterol, antioxidants, beta-carrotines, megadoses of vitamin, selenium, and so-called
phytochemicals are a sufficient indication that even today the modi operandi of the impact of consumption
on our health and longevity are far from properly understood and we have to rely on empirical regularities
to figure out what works.

The most important breakthrough of the nineteenth century, or in terms of our notation, increasein
A, was, without any doubt, the germ theory of disease. It isimportant to stressthat it was more than just a
way of attributing certain symptom to certain microorganisms. The germ theory provided an entirely new
concept of what disease was, how it was caused, how to differentiate between symptom and cause, and how
infection occurred. Most important, it was entirely based on an experimental method widely touted to be a

failsafeway of unearthing the*“truth” and thus accepted by increasing numbers of peoplewith the sameblind
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faith previously reserved for religion.

For our purpose, the most important corollary of its discovery was the changes that it implied for
household consumption patterns. Stein and myself have described the details el sewhere (Mokyr and Stein,
1994), but the main outlines of the story can be sketched summarily. The Pasteur revolution heralded a
concentrated and focused scientific campaign to once and for al identify pathogenic agents responsible for
infectious diseases. Between 1880 and 1900 researchers discovered pathogenic organisms at about the rate
of oneayear, and established the main transmi ssion mechanisms. The age-old debates between contagi onist
and anticontagionists, miasmaand anti-miasmatheories slowly evaporated although the belief that "bad air”
was somehow responsible for diseases such as diarrheawas still prevalent in the 1890s. Pasteur, Koch and
their followersused scientific rhetoric asmasterfully asthey used |aboratory methods, forging allianceswith
the sanitary movement, and were able within afew decadesto turn the entireidea of “disease” upside down
(Latour, 1988).

In terms of our model, we can regard the discoveries asasudden leap in the value of A. Best practice
techniques change when the nature of a particular disease and itstransmission is clarified. To be sure, there
isadifferencebetweenthediscovery of apathogenic microorganismresponsiblefor adiseaseand therecipes
implied by it. However, onceit is clear which microbe causes adisease and how it istransmitted, the means
of prevention become easier, and the recommended adjustment in behavior can be inferred. A powerful
example of thisisthe ideathat diseases were transmitted by vectors. Like the germ theory itself, the model
itself had been proposed afew times before, but the work of Patrick Manson, Ronald Ross, and G.B. Grassi
demonstrated the cul pability of the anophelesmosquito in the 1890sand in 1909 Charles Nicholl discovered
the louse vector of typhus, five years before the causative germ itself wasisolated. These discoverieswere
decisivein persuading househol dshow such diseaseswere contracted and thus could be successful ly avoided
(Rogers, 1989). The discovery of the HIV virusin 1984 had a comparable effect. Y et recall that in terms of
earlier notation any discovery inand of itself initially leaves A-, unchanged (that is, , risesat first to match
theincreasein A). Itisonly when the new knowledgeis disseminated to the population and when the public
issufficiently persuaded by it to alter itsbehavior, that thevalue of , startsto decline, consumption behavior

ismodified, and mortality declines.
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From the viewpoint of an evolutionary model, the Pasteur revolution thus provided a new and
powerful criterion to discriminate between competing technologies. The production-technology literature
recognizes no such problem: selection occurs when firms "test" alternative technol ogies against a common
criterion such as profitability. The household's selection problem is more difficult because it hasrarely the
wherewithal totest alternatives. Therefore, whileitsobjectivefunction ("remaining healthy") wasreasonably
well understood, the partial effects of particular consumption bundles and the way they were processed on
heal th and well-being remained largely mysteriousuntil deepinto the nineteenth century. For countlessgene-
rations Europeans suffered from discomfort, disfigurement, high infant- and child mortality, stunted growth,
and loss of income because of diseases they could have avoided if not cured. Thisis precisely the meaning
of being at apoint like E* infigure 1. By identifying the agent, the germ theory imposed a new set of rules
that madethe choices of recipesclearer and alowed householdsto switchto amore " efficient” set of recipes.
In those terms, it must be judged one of the most important technol ogical advances of the modern era.

Yet this success was slow in the making. Many of the antiquated nineteenth century
recommendationsto avoid odors and to maximize sunlight and ventilation survived for many decades. Mrs.
Plunkett'sbook (1885), provided an exampl e of awork well-aware of the bacteriol ogical advancesof her age,
yet at the same time reproduces advice inconsistent with it and recounts tales reflecting miasmatheory. As
late as the 1920s, household manuals railed against "sewer gas' as much asthey did against deadly germs
(Tomes, 1990, p. 538). The triumphs of the new recipes in displacing less effective older ones at the
household level was not nearly as thorough as we imagine happens in production technology. Indeed, the
survival today of "aternative" medical paradigms such as homeopathy, chiropractice, herbal medicine, and
similar approaches suggeststhat thevictory of "modern” medicineisfar from complete and that the selection
mechanism here is not working very thoroughly.

A theory of disease that identified a clear-cut enemy that could be fought with mop, sponge and
kitchen range, focused the efforts of European home-makersin a clear-cut direction. The rhetorical power
of the germ theory was based on two components. One, emphasized by Latour (1988), isthat the microbial

theory came in the wake of the sanitary movement which had prepared the ground for many of its
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recommendations.* Second, the modification of househol d behavior wasenhanced by the powerful rhetorical
imagethat microbes provided, animagethat ishard to replicatewith more el usive pathogenic substanceslike
ozone or cholesterol. Microbes were an invisible, omnipresent evil agent, a live monster threatening with
infinite malice to attack the most vulnerable members of society (Campbell, 1900, p. 196). After 1890 an
anti-bacterial obsession took shape. Home economics textbooks pulled out all stops: "a dirty houseis full
of poison germs...Try to imbue the children with ahorror of dirt in any shape or form..." exhorted Hitching
(1912, pp. 26, 33, 64) in a handbook for teachersin girls schools.

Cleanliness no longer was next to Godliness, it became almost the same thing. Health isthe birth-
right of every individual, proclaimed the new handbooks in home economics. Y et health was now neither
amatter of divineintervention nor social evils but rather one of individual responsibility: informed by the
science of bacteriology, every household was now responsible for its own health and the burden of that
responsibility placed squarely on the shoulders of the woman because she spends most of her time at home
(Elliott, 1907, pp. 1-3).** Advertising and marketing capitalized on this trend, and an unprecedented
expansion occurred in the demand for cooking stoves, disinfectants, soap, washing and cleaning equi pment,
toilets, water filtration methods, and safer foods. Tomes (1990, p. 535) notes that many of these goods had
been available before 1875, yet the revel ations about the existence of microscopiclifegreatly increased their
appeal. The growing demand for consumer goods that would combat infectious disease led to a further
devel opment: the generation of new consumer goods whose invention wasinduced by the growing need felt
by consumersto live in germ-free homes. All the same, persuasion was a drawn-out process, and clearly

encountered much resi stance from consumerswho did not believe that the germ theory presented aradically

*As Tomes (1990, p. 529) notes, "popular hygiene writers had little trouble ... in associating dirt, infection,
and germs... Theability of microorganismsto produce dangeroustoxinsor poisonscould beeasily assimilated into ol der
notions of decay and putrefaction as sources of infection.”

*'Williams (1991, p. 80) argues that with the increasing adoption of the germ theory of disease the importance
of women'’s sanitary work became severely diminished. Perhapsin terms of persuasion and propaganda thereis some
truth to this view, as lay preventive medicine was gradually replaced by that of professionals, but clearly in terms of
household work the effect was quite the reverse.
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more useful insight into the nature of disease.®

Of particular importance to consumer health was the insight that the germ theory provided to the
purchase and preparation of uncontaminated food. During the nineteenth century in general unwholesome
food was sold to the poor at low prices: until the 1880s, for example, the poor in Britain could buy "third-
day" fish, mackerel witha"horrid stench” at six for ashilling. Bacon became cheaper when itsfat had turned
yellow and when it showed black spots (caused by anthrax) (Smith, 1979, pp. 204-07).** During the
nineteenth century, authorities made effortsto curb the worst excesses of these markets, and it isclearly not
the case that people had to wait for L ouis Pasteur to tell them that eating spoiled foods was dangerous. From
1857 there had been attempts to control the sale of diseased meat, and in the 1860s there were repeated
seizures of spoiled food in London (Smith, 1979, p. 206). Y et the germ theory added enormous impetus to
the intuitive and empirical insights that made authorities concerned about food quality, made them enforce
the law with greater energy, taught them that some substances could be dangerous even without the signals
of color and odor, and above all persuaded increasing numbers of consumers at the receiving end that cheap
milk, fish and meats may not have been such a bargain after all.

The diffusion mechanisms of the new anti-infection movement to the mass of lower middie- and
working classconsumerswereof coursediverse. Asbabieswere particularly vulnerablevictimsof infectious
disease, much of the campaign was directed toward new mothers, in such organizations as goutte de lait and
the consultations de Nourissons pioneered by Budin in France and the Mothers and Babies Welcomes in
Britain that were patterned after them. These organizations specialized in distributing free clean milk and

instructing mothersin infant care. The school systemsincreasingly enforced stricter cleanliness standards

32Campbell (1900, p. 194) cites a"vigorous old lady" who complains that she does not see "why we are so
much dirtier than we used to be...'Dangersof River water'! We drank what we pleased when | wasyoung. Thistalk about
bacteria seems to me like all other fads...For my part | have some faith in gastric juices [which] | fancy will manage
bacteria.”

*The negative relation between price and whol esomeness does not always hold, asin the case of bread, where
the more expensive white varieties were subjected to adulteration by chemical bleaching agents such as alum.
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on children while indoctrinating them in the need to avoid germs and infection.* School curricula began to
include cooking, infant care, and laundry in home economics courses, with cleanliness and avoidance of
infection the highest priorities. Books on good housekeeping proliferated, repeating ad nauseam the gospel
of cleanliness.® Ignorance of good household practices was increasingly being blamed for poor health
conditions, indicating an instinctive sense of agrowing ,, that is, a growing gap between the best possible
and average practices. One consequence of these breakthroughswas afurious debate on the effectson health
of working class mothers being employed outside the home.*

Another agent of diffusionwasthe medical profession. ThePasteur Revol ution, despite somepockets
of resistance, was embraced by the medical profession and led to a complete re-definition of the tasks of
medical personnel (Latour, 1988). Physicians could now assume a new role of household consultants,
advising families on how to avoid disease by following new sets of recipes in the preparation of food,
cleaning, and child-care. While the cure of infectious disease was still elusive, prevention became aredlity.
Many of the old prescriptions such as ventil ation (to avoid miasmas) and bleeding were abandoned. Instead,
asepsisand hygiene becamethewatchwords. Thediscovery of vector- and water-borne diseases opened new
avenues for public policy in terms of insect control and water supply. The slow realization of the existence
and working of an immune system led to more controlled environments ("avoid drafts") to prevent oppor-

tunistic diseases. Thedefinitiverealization that contagion could occur and how it happened meant that living

*Most of theresearch carried out confi rmsstrongly aconnection between literacy or education onthe onehand
and "health", however measured, on the other. The best statistical work for the period before 1914, Preston and Haines
(1991) for the United Statesand Woods, Patterson, and Woodward (1988-89) for England and Wales, both confirm this
finding. Theseresults do not lend themselves, however, to adistinction between alternative interpretations: did schools
simply "drill" students in the habits of hygiene, or did they improve their ability to absorb logical and statistical
arguments on preventive medicine? Modern research suggests that even recommendations based largely on empirical
regularities such as abstaining from smoking and eating afull breakfast are strongly correlated with education (Evans
and Montgomery, 1994). That suggests that education and schooling also improved the ability of individualsto reason
statistically although it seems likely that in part the relation is complicated by the fact that well educated people tend
to have lower rates of time preference and therefore more likely to invest in their health.

*A typical example is Campbell (1900, pp. 198-201) who stressed the dangers of "flourishing colonies of
bacteria" and stressed how keeping the house clean wasthe best way to deal with this"enemy." Another exampleis The
Woman's Book (1911) which filled no less than 734 pages with helpful hints on cleaning.

*This debate is ably summarized by Dyhouse (1978).
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space became more valued and age-old habits of putting children in the same bed came under fire.

Thethirdrevolution consisted of scientific advancesof two kinds: antibioticsand nutritional science.
Antibiotics completed the war against infectious disease by the invention of effective cures against them.
The advances were made by the medical profession and are well-known: the devel opment of sulphadrugs
(sulphonamides and sul phanilamides) by scientistsworking at 1.G. Farben and the Pasteur Institutes, and the
discovery of antibiotics proper by Fleming and Florey. The demographic effects of antibiotic medicine on
third world populations was enormous and has been widely explored athough it may be in retreat.® The
effect of antibioticson consumer economicswasto removethe production of health partially from the house-
hold and to transfer it to expertswho exercised amonopoly on the wonder substances that took over the war
against microbes. From an economic point of view thismeant that H increasingly became afunction of a set
of pure health goods that conveyed health specifically rather than a by-product of the consumption of other
goods.® Thistendency was counteracted by the discovery of vitamins and minerals and their effects on the
body and the growing awareness of health benefits and risksin various consumer goods and environmental
factors.* Theincrease in the demand for fresh fruits and vegetables, for example, wasin part fueled by the
realization of the beneficial effects of “an apple a day.” Moreover, with the decline of infectious and
nutrition-deficient disease, non-infectious diseases took their place and as their causal mechanisms are at
present almost as poorly understood as those of infectious diseases before 1860, empirical observations --

albeit backed up by far more sophisticated statistical techniques-- are once more becoming amajor selection

*The tri umph of antibiotics has not been complete as the return of tuberculosis and other bacterial diseases
suggests. In part, thefailureto find an anti-viral substance comparabl ewith antibioticshasbeen alimiting factor. In part,
bacteria have become drug resistant and have rendered many wonder drugs impotent. See for instance M.F. Perutz
(1994).

*For these goods, increasingly, it wasthe case that X = 0, that is, these are purely medications that would not
be consumed were it not for their health-enhancing effects (unlike grapefruits or garlic).

*of particular interest to the kind of argument | am trying to make hereisthe history of scurvy. The empirical
regularities that pointed to its cause were already unearthed by Edward Ives and James Lind in the mid eighteenth
century. Y et scurvy kept re-appearing during the Irish Famine, the Crimean War and the Russian army during World
War |. Infantile scurvy was preval ent among weal thier familiesin which weaning occurred earlier. The discovery of the
germ theory led to decades of futile search for a causative microorganism. Only after the seminal papers by Holst and
Frohlich after 1907 did it become clear that certain diseases were not caused by infectious agents but by nutritional
deficiencies, and only in 1928-32 was the crucial ingredient isolated (Carpenter, 1986; French, 1993).
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mechanism between competing recipes.

Changes in Household Behavior

Households allocate both consumption bundles and time. In recent years a growing and influential
literature has argued that househol dsoverallocate |abor to domestic work, leading to inferior outcomes. Such
an outcome, aswe have argued, is consi stent with the unique characteristics of the household asaproduction
unit, but they merit a closer look. Juliet Schor (1991), Ruth Cowan (1983), and other scholars have raised
the paradox of household work in the twentieth century. They have shown that the number of hoursworked
by the housewife in the household were around 52 hours aweek in the beginning of the century, rising to 56
in the late 1960s, to about 50 in 1987 (Schor, 1991, p. 87).* The paradox is that household work has in-
creased in the past century despite dramatic | abor-saving changesinwhat | called househol d technology. The
vacuum cleaner, the washing machine, and the dishwasher at first glance do not seem to have reduced the
burden of housework; if anything they seem to have increased it. Ruth Cowan (1983, p. 100) notes that the
American housewife of 1950 produced single-handedly what her counterpart in 1850 needed a staff of three
or four to produce: a middle class standard of cleanliness, health, and comfort for herself and her family.

Cowan's observation holds, however, one of thekeysto the paradox. The point isthat if three or four
servants were needed to attain this standard for one household, only afraction of the population by simple
logic could enjoy it. Thetechnol ogical advances allowed agrowing fraction of the popul ation to enjoy these
standards, thus substituting capital for labor.** The number of hours worked by the wife alone is a false

starting point; the total amount of household labor per household has actually declined -- servants and

40Stanley Lebergott (1993, p. 58) disputes these numbers and estimates that weekly choresfell from 70 hours
in 1900 to 30 in 1970. The difference does not result from different sources used since both Schor and Lebergott rely
on the research by Joann Vanek. As far as | could ascertain the difference is in definitions: Schor's definition of
housework permitsthe housewifeto define the activities she denotes as housework, whereas L ebergott looks at cooking
and cleaning.

“'Formal ly, the problem is similar to the question whether |abor-saving innovation reduces total employment.
Itisof course no paradox to notethat by and large any innovation which increasesthe capital-labor ratio does not create
in and of itself unemployment, because the total demand of labor depends on the demand for final goods.
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washmaids have all but vanished in western societies and teenage daughters are all too seldom asked to
participate in homemaking activities and even more rarely respond affirmatively.

Although this analysis seems straightforward, it has eluded some scholars. Schor for example
suggests that the main reason why L, is so large is because the market places no economic value of work
inside the house. Thiscannot possibly beright: even when women have no outside jobs, the opportunity cost
of housework isleisure, and women who set their own scheduleswill work in their homes until the marginal
utility of leisure equals the perceived value of the marginal product of housework. Precisely because of the
technological changesin the household, the nature of L, changed considerably, and, in Ruth Cowan'swords,
eliminated drudgery, not labor (1983, pp. 100-01).# It seems that today some forms of household labor can
hardly be distinguished from leisure and will be carried out if they had zero marginal product on H: pet care,
gardening, cooking, and shopping are all counted by Schor and others as household work; yet they differ
from the backbreaking work of nineteenth century home-making as much asamodern thermostatically con-
trolled central heating system differs from a coal fired stove. Schor's witty appeal to Parkinson's law
("household works expandsto fill household time") is misleading and to some extent elitist, as she seemsto
believe that the various activities around the house that housewives engaged in are unproductive forms of
labor.”* A more charitable view would regard them as hobbies and transfer them from the L, to the L
column. Furthermore, income effects alone could be responsible for increases in household work even if
leisureisanormal good. To the extent that the X'sand L, in equation (2) are complements, increasesin X
will require more work.** People desiring spacier homes and who can afford them also have to be able to

find the time to clean and maintain them. Carol Thomas (1995) explains the increase in housework (which

*“Launderi ng, to choose but one example, was an exceedingly hard chorein the nineteenth century, carried out
once aweek and consisting of endless scrubbing, wringing, drying, ironing, folding, carrying and heating water,
disposing of the washwater and so on. Compare thiswith today's fully automated washing machinesin which the labor
input consists of some sorting and the pushing of afew buttons (without ironing) up to the point wherethe clean laundry
isfolded and put back in place (a process that has eluded mechanization so far).

“The exact quote is "middle class women were trapped in a stultifying domesticity, following "Hints from
Heloise" on how to prepare home-made dog food or turn Clorox bottles into birdfeeders’ (Schor, 1991, p. 94).

“In terms of the model, this depends on the elasticity of substitution between X; and L, in the production of
H. If thisislow, anincreasein X will lead to an increasein L.
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she rightly sees as an important source of reduced mortality through the internal dynamics of changesin
capitalist production during the second Industrial Revolution. With rising wages and a reduced work week,
women were increasingly rel egated to home-making asthe result of anincreasingly rigid sexual division of
labor (p. 339). While this may be true, the explanation is incomplete without noting the rapidly changing
notions of disease and health.

Theresolution to the paradox implied in the approach proposed here isthat the demand for L, rose,
through either arise in MU/MH (the marginal utility associated with good health and longevity) or arisein
A-, inequation 3. Thisisin part an income effect, as health and longevity are more appreciated in richer
societies. In addition, however, large segments of the population in the past century acquired more
knowledge and understanding about the connection between what they consumeand their health. To seethis,
note that any changes in household recipes which increases the perceived marginal product of L, in
producingH (anincreasein A-,) will lead to an outward shift of theDD curveinfig. 4. For thetotal number
of hours worked in the home to go up, al we have to assume is that either only SS shifts but the elasticity
of the DD curveislarge (so that shiftsin the SS curve yield an increase in total number of hours worked)
or that shiftsin SSwereaccompanied by shiftsinthe DD curve. Translated into ordinary languagethismeans
that homemakers spent moretime cleaning, laundering, and cooking becausethey had become convinced that
wholesome food, clean clothes and bedsheets, and a hygienic environment were essential to good health and
longevity.*> Schor argues that this perceived value is erroneous, and that far more cleaning and cooking is
carried out than is necessary. Without actually estimating the perceived marginal impact of scrubbing and
sweeping on health and comparing it to the true value, we cannot be sure that health production isoverusing
Ly just because household labor is not atraded market good as Schor maintains. The demand for domes-

tically produced health increased significantly in the past century because of changes in household

*It would also explain an increase in breastfeeding, although the improvements in baby formula and milk
quality since the early 1900 tended to offset this. It should be realized that most of the early breastfeeding campaigns
emphasized the clean nature of mother's milk and were not aware of its additional immunological and psychological
benefits. Dwork (1987, p. 36) maintains that as late as the early twentieth century, while it had been recognized for
many decades that breast-feeding was the most effective preventive measure against letha attacks of childhood
diarrhoea, "the precise reason for this was absolutely unclear." The statistical evidence seemed irrefutable, but the
mechanisms poorly understood.
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knowledge: there can be no demand for a germ-free house or germ-free clothes unless people know and
believe that germs cause disease. Note that there is a real possibility for L, to be oversupplied when
households believe that household labor is more health-enhancing than it really is. It should be added that
DD shifted for other reasons than increasesin knowledge about physical health: agrowing awareness of the
importance of the home-produced component of education, for example, led to an increasein time spent with
children.

We are then back to the selection problem: how did the household choose the optimal technique to
produce H? It would be naiveto recount it in terms of aWhiggish tale of growing enlightenment and rational
choice of recipesfollowing the triumphs of science. Therelation (3), which defines household behavior, is
determined by itspriors. Precisely because the difficultiesthe household hasin updating these priorsin the
face of bewilderingly complex relationships, it is subject to outside influences, some of which may be
systematically biased. Consequently households could be persuaded by altruistic organizations like the
British Ladies National Association for the Diffusion of Sanitary Knowledge or the French Goutte de Lait
centers, by teachers, lecturers, and essaysin popular magazines, by their own neighbors, friends, relatives,
fellow congregationists, or home visitors. Such information would engender afall in , and thus lead to a
movement such as from E* to E** infig. 1. Yet other outcomes are possible, including overshooting to a
point to theright of E infig. 1. In the twentieth century the role of advertising in this respect was crucial, as
Schor notes when she states (1991, p. 97) that "Businesses subj ected women to abarrage of advertising and
social pressure, in order to sell more products... they spread the message that awoman who did not purchase
the growing array of consumer products was jeopardizing her family." The fundamental message sent to
homemakers by advertisers was one of personal responsibility. If their children did not develop properly or
became sick, if their husbands were unhappy, if they themselves grew old and tired before their time, they
themselveswereto blame for not cooking the right meal's, not scrubbing the bathroom floors enough, or not
insisting that her family clean their teeth (Ruth Cowan, 1983, pp. 187-89).

In terms of our model, this type of rhetoric may have led them to negative values of ,, thus
consuming more of some X's than best practice techniques called for. Overshooting occurs if , < 0 and

1+, < A. To make the argument that these conditions led to “overworked housewives’ we need to assume
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either that there was a low substitutability between the "overconsumed” X'sand L, so that they also led to
overwork, or that the overshooting conditions applied directly to A, and , . Thisis not implausible if the
products marketed were items such as laundry detergent and toilet cleaning equipment. One result of
"overshooting" in the case of housework would occur when married women, brainwashed by overzealous
sanitary propaganda, dropped out of the labor force altogether in order to "keep house." It remainsto be seen
how much of the low labor force participation rates of married women, as argued by Thomas (1995), could
be accounted for this way.

Perhapsthe best example of such unscrupul ous marketing can be found in the soap industry, always
strapped for markets because of the economies of scalein soap production and itshighly competitive nature.
The Cleanliness Institute, established by the American Association of Soap and Glycerine productsin 1927,
embarked on an unprecedented campaign to sell soap at all cost and in the process all but brainwashed
Americansthat " microbeswere everywhere, omnipresent, ever-ready to spread disease, debility, and death™
(Vinikas, 1992, p. 85). The institute worked through the most effective means of persuasion: schools and
children, selling or giving away hundredsof thousands of storybooks, pamphlets, flyers, teachersguides, and
free samples. It also advertised at an unprecedented scale, aiming their resources at women rather than at
men, and using fear, guilt, and hope to sell soap (ibid, pp. 79-94). In the process they may have also hel ped
to bring about millions of overworked housewives, even if that was not their intention.

All the same, the net effect of advertising on L, is not clear. Soap happens to have alow elasticity
of substitution with household labor; it does not clean but in conjunction with labor. A large proportion of
advertising, however, wasaimed at replacing domesticlabor. Thefast-food industry, for instance, must have
saved housewives all over the world trillions of hours of cooking and cleaning. Schor's flat statement that
industry has had no incentive to come up with labor saving devices in the household (Schor, 1991, p. 102)
iscontradicted by endlessinnovationsthat didjust that: throw-away paper napkins, self-cleaningrefrigerators
and ovens, cake mixes, pressure cookers, and chemical toilet cleaners are just afew examples.

The more difficult question is not why was there no more substitution of household capital for
household labor but why did it take so long for markets selling commercial health-enhancing goods and

services to emerge? Not until the 1970s did consumers resort to take-out and pre-cooked food on alarge
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scale. Commercial laundries and vacuuming services existed but never got closeto controlling alarge share
of the output.*® The reason, | suggest, isthat households did not regard the market-purchased goods and the
home-made goods as good substitutes because quality monitoring in the production of H is difficult and
expensive.” If the household has a certain prior over A-,, hiring someone else who may have a different
prior may create serious principal-agent problems. When there are small differencesin price, and when the
stakes are viewed as high (since these involve the health of the members of the family) such problems may
have been decisive. An aternative explanation focuses on the question who in the household makes
decisions. The alocation of time between housework and leisure was by and large up to the homemakers;
switching from househol d-produced servicesto market-purchased substitutes requires cash outlays and thus
may have needed the consent of other household members.

To summarize, then, household behavior can be modelled as a process of selection with learning.
As science after 1870 discovered new facts about the human body and its interaction with the environment
and this knowledge filtered down to the population at large, households learned and were persuaded to
change consumption to improve their health, changes in demand for goods and the allocation of time were
inevitable. Thisselection processresembl ed the choi ce of technique problemfaced by firmsbut differed from
itin some crucial aspects especialy in thelikelihood that competition led to efficient outcomesin the long

run.

“British worki ng class househol ds often used the "bag wash" in which the laundering of clotheswas farmed
out of the household but returned damp and unironed, so that the homemaker still had to dry, iron and fold it. Themain
reason for the bag wash was the absence of adequate laundry facilities in working class households (Daunton, 1983,
pp. 243-44).

*Household effici ency experts such as Christine Frederick advised that commercial laundries may have been
unsanitary because of contaminated clothing of others or contaminated workers (Cowan, 1983, p.107).
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Appendix

Below we show the working of a simple static model in which the consumer has “priors’ on the

effect of goods on her health. The utility function is:

(1) U " UXXY.2)

Specifically, assume for ease of exposition that the utility function has the simple Cobb-Douglass form
2 U " X"Y3H(C

Where H isin turn determined only by the quantities of X and Y:
(3 H " XayP

Now assumethat equation (3) isnot fully known to the consumer but instead the consumer usesthefollowing

equation for his maximization:
(4) H - X 81aY 82b

Where the 8's are equivalent to the terms of the type A-, we used in the text. Using the budget constraint
(5) PXX%PyY "7z

*

We can easily derive from the first order conditions the equilibrium level of Y, Y':

« Z U
y(- =
(6) P, L%u
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_ $Ub8,(
(7) H “1%a8,

Itiseasy to seethat the demand for Y will risewith increasein 8, and fall with anincreasein 8;. A risein
Zand P, work just likein the standard case. A risein (, the marginal utility of H, will usualy have an effect
on demand for Y, but its sign depend on the four parameters. To see the effect of changesin Z, prices and
the 8'son H, the equilibrium solutionsfor Y* and X* can be substituted into H. For valuesof 8 <1, it would
be expected that H varies positively with either 8. If, for example 8, <1 and 8, < 1, anincreasein 8, will
rai sethe consumption of X whichinand of itself will raise H; but the budget constraint then forcesadecline
in’Y which may offset the effect on H. Depending on the original values of the consumption parameters, H
may increase or decrease. Indeed, it can also be shown that consumersfor whom the 8'sare not unity can still
“get it right” (that is, combine X and Y inadvertently in such away asto maximize H). Thiswould be true
if by accident the values of 8, and 8, were such that:

$%b8,( . $ub(
) "%a8,(  "%a(

which of courseistrivially truefor 8, = 8, = 1 but aso for an infinite number of other pairs. If, therefore
condition (8) happened to be holding for an arbitrary pair <8,,8,> where 8,, 8, < 1, clearly H is maximized
and thus any increasein either 8 will be health-decreasing. Y et it is not necessary for condition (8) to hold
to get that result. Of course that would not be the case in the world of fig. 2 in which only one good has an

impact on health.
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