
THE EFFECT OF PRICE, ADVERTISING, AND INCOME ON CONSUMER 

DEMAND: AN ALMOST IDEAL DEMAND SYSTEM INVESTIGATION 

by 

Vidyut H. Vashi 

Dissertation submitted to the Faculty of the 

Virginia Polytechnic Institute and State University 

in partial fulfillment of the requirements for the degree of 

Doctor of Philosophy 

in 

Marketing 

Approved 

Agee Danke 
Dr. George R. Franke 

Merce MN Kas ND Dh 
Dr. Noreen M. Klein Dr. John T. Mentzer 

SAepeed At: Dp sen (LC. CiaAVEZT 

Dr. Raymond H. Myers Dr. T. C. Srinivasan



C.h 

eo 

LO 
E6SS 

vee 
[444 

V374 
CL



THE EFFECTS OF PRICE, ADVERTISING, AND INCOME ON CONSUMER 

DEMAND: AN ALMOST IDEAL DEMAND SYSTEM INVESTIGATION 

By 

Vidyut H. Vashi 

Committee Chairman: Dr. George R. Franke 

Department of Marketing 

(Abstract) 

Theoretically, an equiproportionate change in prices and 

income should not affect the sales of products. This is known 

as the homogeneity of demand property on which the economic 

consumer demand theory is built. Rejection of this assumption 

is indicative of a state of mind called ‘money illusion’. 

Evidence from applied economics literature suggests that 

consumers respond asymmetrically to equal changes in prices 

and income. Such an asymmetry could be, among other things, 

due to the exclusion of marketing mix variables in their 

demand functions or inappropriate grouping of products. 

The main focus of the dissertation is to provide a 

theoretically consistent approach to include marketing 

variables in a sales response function. Specifically, 

advertising is hypothesized to act as a moderator in 

eliminating the asymmetry. 

A related issue investigated in this research is the 

existence and empirical testing of mental expenditure



accounts. Grouping of products into mental expenditure 

accounts is thought to improve the homogeneity of demand. 

A system of equations is developed since the model 

involves prices and advertising of all products. The systems 

approach offers a consistent means to analyze sales when 

advertising programs interact; for example, orange juice 

advertising may affect the demand for milk and vice versa. 

The expenditure share system of equations is estimated using 

the Seemingly Unrelated Regression (SUR) estimation procedure 

to allow for dependence among error terms and cross-equation 

coefficients. 

Theoretically, this research tests the validity of the 

well established consumer demand theory. It provides an 

approach, consistent with neoclassical economic theory, to 

include marketing mix variables in sales response modeling. 

Managerially, this study helps in determining the level 

of advertising necessary to reduce the asymmetry in consumer 

response due to price and income changes. Substitution 

patterns obtained from the proposed analysis will aid managers 

to decide upon prices of closely related products within a 

category in the wake of income changes. The proposed model 

provides a methodology to explore and test market structure.
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Chapter 1: Introduction 

Overview 

Central to the field of marketing is the consumer and 

basic to the study of marketing phenomena is the analysis of 

consumer behavior. Consumers in today’s world are faced with 

many alternative products and services to choose _ from. 

Marketing mix elements, such as price, advertising, and 

distribution, affect the choice of a particular product. This 

choice is usually subject to many constraints. For example, 

the consumer does not have unlimited funds or income for the 

acquisition of the desired products and services. Any changes 

in the income’ (expenditure budget), prices, and/or other 

marketing mix variables could thus have an effect on consumer 

behavior. 

Income changes over time; so do prices and other 

marketing mix variables. A standard exercise in the economic 

theory of consumer demand is to analyze how demand responds to 

changes in price and income. Economists have not paid much 

attention to other marketing mix variables such as advertising 

and promotion in studying consumer demand. On the other hand, 

marketers have investigated consumer demand by incorporating 

prices and other marketing mix variables in their analysis. 

However, marketers have largely ignored the issue of income 

  

'The term income implies disposable income unless stated 
otherwise. It is used interchangeably with budget. 
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(or budget) constraints under which the consumer operates. 

The present study is an effort in integrating marketing and 

economic theory of consumer demand. Specifically, this study 

unifies the analysis of consumer demand by explicitly 

incorporating income (expenditure budget), prices, and other 

marketing mix variables. 

Introduction 

Two issues that have implications across a spectrum of 

marketing activities of a firm are the determination of the 

structure of the market in which its products compete, and the 

estimation of the market response function. The objective of 

a market structure analysis is to appropriately group products 

so that the competitive relationships between them can be 

identified and correctly measured, and its importance has 

motivated a distinct stream of research (e.g., Allenby 1989; 

Srivastava et al. 1984; Urban et al. 1984; Vilcassim 1989). 

The measurement of market response (i.e. the econometric 

measurement of demand) has a long history in marketing, anda 

number of studies has been reported in the literature 

addressing the various aspects pertaining to demand estimation 

(e.g., Lambin 1976; Naert and Leeflang 1978; Hanssens, Parsons 

and Shultz 1990). 

Review of the literature (see Chapter 2 for a detailed 

discussion) on demand estimation in marketing reveals a 

disturbing deficiency in the specification of the estimating 
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equation, and model building continues to be plagued by a lack 

of guiding theory and arbitrariness in specification. Hence, 

the generality of the results is cast in doubt. Further, the 

majority of studies dealing with demand estimation have dealt 

with single brands. Yet the concept of competition is one of 

the basic tenets of marketing, and given that all products in 

a market compete to varying degrees for the consumer’s 

budgeted expenditure, the demand for each product should be 

modeled in the context of a system of competing products. The 

competitive structure of a product market can be viewed from 

a number of different perspectives. From a marketing 

standpoint, the most relevant approach is one that is consumer 

oriented. Specifically, how do consumers perceive the 

products in an overall market with regard to their attributes, 

and to what extent do they substitute between products in 

actual usage or purchase situations? Further, how do the 

marketing activities of the sellers influence the structure of 

the market, and thereby the nature and extent of competition 

between products? These are some of the broader questions 

that one attempts to answer in conducting an analysis of the 

structure of a product market. 

Among the major weaknesses associated with previous 

efforts are: 1) the lack of a coherent theoretical basis for 

the methodology used, and 2) the inability to quantify the 
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degree of competition at both the individual product® and the 

associated product category’ level. 

Against this background, the primary objective of this 

research is to provide a theoretically consistent approach to 

study the demand for products. In order to estimate the 

demand for products, certain theoretically derived properties 

of the demand functions must be satisfied. The properties of 

the demand functions are: 1) Adding up, 2) Homogeneity, 3) 

Symmetry, and 4) Negativity. While these properties of the 

demand functions are discussed in detail in Chapter 2, the 

first two properties deserve brief discussion at this stage. 

The adding up property of the demand functions simply 

means that share of the budget spent on all products must sum 

to one. In other words, the percentage of disposable income 

spent on all products from the consumers’ budgetary resources 

(assuming no debt or borrowing) should not exceed one hundred. 

As will be shown in the next chapter, this requirement is 

automatically satisfied when demand is modeled as system of 

equations. 

The homogeneity property implies that when the consumer’s 

income and wealth increases by, say, five percent accompanied 

  

@an individual product is defined as a tangible good that 
is offered to the customers for use or consumption. 

3A product category is defined as several distinct 
products that make up an interrelated group of products. 
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by a five percent increase in all the prices, the quantity 

demanded should not’ change. When the demand is not 

homogeneous of degree zero* in income and prices, the 

individual’s demand for commodities would be altered by an 

equiproportionate change in all prices and income. In this 

case, the consumer is said to suffer from money illusion 

(Branson and Klevorick 1969). Money illusion implies failure 

of the homogeneity property of the demand function. 

A method is presented to simultaneously estimate the 

response functions and test the assumptions about the demand 

theory. The competitive structure of the market for 

frequently purchased products is analyzed via this method. 

The method is based on the microeconomic theory of consumer 

choice wherein a set of demand equations is estimated 

incorporating the effects of changes in budget, prices, and 

advertising. The method provides a test that shows which of 

a set of products remain unaffected by movements in prices, 

advertising, and consumers’ income. Based on such a test the 

competition between products and product categories due to 

changes in prices, advertising, and income can be determined. 

  

*A function, say z = ®(a, b), is said to be homogeneous 
of degree r when a(dz/da) + b(dz/db) = (r)z. Thus, when 
a(dz/da) + b(dz/db) = 0, the function z = O(a, b) is said to 
be homogeneous of degree zero. This is the same as saying 
that a function ® is homogeneous of degree k if @(tx) = 
tk (x) . In particular, @ is homogeneous of degree zero if 
(tx) = O(x). 
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The degree of competition at different levels (1.e. product 

and product category) is quantified and conclusions are drawn 

about the response of product/product category sales to 

changes in price, income, and promotional activities. 

Approaches to Studying Demand 

In recent years a considerable literature has developed 

in modeling consumer choice in the field of marketing. There 

is a large amount of progress in this area on these issues, as 

reflected in a special issue of Marketing Science in Fall 

1986. Bayus and Rao (1989) remark that major concerns of 

recent efforts have been on the consumer choice of one 

alternative (for example, choice of one brand from a set of 

alternative brands). Further, as noted by Srinivasan and 

Winer (1990), most demand models are single-equation models 

which relate a set of independent variables to brand demand. 

Bayus and Rao (1989) also conclude that the broader topic of 

consumer choices from a subset of alternatives has been 

neglected. 

Since the consumer operates under certain budgetary 

constraints, the allocation of limited resources in the best 

possible manner to obtain maximum utility becomes a complex 

task. The consumer has to choose from a variety of products 

available in the marketplace without going over the budgetary 

constraint. Various products, thus, compete to be included in 

the bundle of products that the consumer consumes. Under such 
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circumstances, it is imperative that demand for products (not 

just brands) be modeled in a way that reveals the demand 

interrelatedness and interdependencies among the products 

competing in the marketplace. A system-wide approach to 

demand estimation enables us to model such interdependencies 

and interrelatedness among products. Such a system-wide 

approach has been used only recently to study marketing 

phenomena (e.g., Clements and Selvanathan 1988; Vilcassim 

1989). 

Moreover, as discussed in detail in the next chapter, the 

practice of demand estimation based on single-equation models 

is largely inadequate from a theoretical standpoint. This 

inadequacy has resulted in continuing lack of guiding theory 

and arbitrariness in functional form specification in model 

building. Hence, the generality of the results is cast in 

doubt. 

Demand studies reported in the economics literature, on 

the other hand, are generally based on strong theoretical 

foundations, and are estimated in a system-wide context. The 

well established utility maximizing approach acts as the 

underlying guiding theory to demand estimation in economics. 

However, the formulation of the utility function is usually 

restrictive and includes mainly the price and income 

variables. From a marketing standpoint these studies are 

subject to a number of limitations. Among the limitations are 
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the broad aggregation of products studied by economists (such 

as "food", "clothing", etc.), and the exclusion of important 

marketing mix variables from the estimating equations. These 

studies have attempted to explain the changes in demand for 

products in terms of income and price only. Clearly, when 

dealing with narrowly defined products, other important 

factors such as advertising, distribution, and other 

promotional activity should be included in the estimating 

equations. There have been few theoretical studies that show 

how these variables can be formally incorporated within the 

context of a demand system (e.g., Theil 1980; Vilcassim 1986). 

As noted by Deaton (1983) in his excellent summary 

article on demand analysis, considerable evidence has been 

accumulated against the homogeneity property of demand 

function. As noted by him, although there is some variation 

in results through different data sets, different 

approximating functions, and different product aggregations, 

there is substantial and strong accumulated evidence rejecting 

this property of the demand function. One possible reason for 

the rejection of the homogeneity property could be the lack of 

attention given to the marketing mix elements, especially 

advertising, in the theoretical development of demand 

functions (cf. Scitovsky 1978; Young 1980). Thus, another 

objective of this research is to provide a theoretical basis 

and specific means of incorporating other marketing mix 
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variables into the estimating equations of a demand system. 

Specifically, it is postulated that apparent money illusion 

will be reduced, if not eliminated, by incorporating 

advertising in the demand function. 

Research Questions 

The basic goal of this research is to test the 

fundamental assumption of homogeneity of demand in consumer 

demand theory. In other words, the primary thrust of this 

research is on testing the effect of proportional changes in 

both price and income on consumer demand of routinely 

purchased grocery store products. An important issue in this 

context is determining how the marketing mix of one product 

affects the demand for other related products. 

In the early to mid-1980s, in an attempt to better 

explicate the then existing normative economic theory of 

wealth and consumption, Thaler introduced the concept of 

mental accounts. He suggested that households have a system 

of mental accounts (such as a current income account, an asset 

account, and a future income account) and their consumption is 

related to these accounts. Relating to the field of 

marketing, Thaler (1985) suggests that when regulating their 

day-to-day expenditures, consumers are constrained by their 

current (monthly) income. In addition, the expenditures tend 

to be grouped into various mental consumption accounts. In 

other words, it is postulated that an individual’s consumption 
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is sensitive to income and that individuals categorize their 

expenditures on the basis of the mental consumption accounts. 

The guantity of each product bought depends on not only (i) 

the price of that product and (ii) the price of all other 

products, but also (iii) the income of the buyer. Our 

knowledge in marketing, thus far, seems to be deficient in 

understanding and explaining the impact of consumers’ income 

levels on their consumption behavior. 

To better understand the effects of price and income 

changes, a detailed economic explanation of such changes is 

provided next. 

(a) Changes in price 

When the price of a product changes while the 

individual’s money income remains fixed, there are two factors 

which affect the quantity demanded of that product: (1) the 

rate at which the product can be exchanged for another product 

changes, and (2) the individual’s total purchasing power is 

altered. 

To better understand these two effects consider two 

competing products A and B. Let the price of A be increased 

while the money income remains fixed. Then under normal 

circumstances we would expect the quantity demanded of A to 

decrease. This decrease could be due to two reasons. First, 

some consumers would switch their purchases from Ato B. This 

crossover is called the substitution effect. Second, when 
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money income is fixed, in real terms the consumer is a bit 

poorer. Being forced to buy a product at a higher price is 

just like having a decrease in real income or purchasing 

power. If the price of product A is increased it means that 

the consumer’s money income will buy less of product A. Thus 

the purchasing power of the consumer’s money has gone down, 

even though the number of dollars the consumer has is the 

same. Since it would cost more to purchase A, some consumers 

will buy less of A under their budgetary constraints. This 

reduction in consumption of product A due to the price 

increase of product A is called the income effect. Thus,   

income effect is defined as the increase or decrease ina 

consumer’s real income (purchasing power) as a result of the 

change in the price of a product or services (Monroe 1990). 

(b) Changes in Prices and Income 

Standard economic theory assumes demand to be homogeneous 

of degree zero. In other words, when income and prices are 

increased by the same proportion, the quantity demanded 

remains unchanged. Demand being homogeneous of degree zero is 

another way of saying that only changes in relative prices, 

not absolute prices, affect behavior (Silberberg 1978). But 

Branson and Klevorick (1969) suggest that when prices, money 

income, and money wealth all increase proportionately, 

consumers notice the income and wealth increases more than 

they do the price levels, and increase their real consumption. 
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They suggest that consumers exhibit money illusion. Support 

for the money illusion hypothesis was found by Rutherford et 

al. (1985) in explaining the demand for milk. They found an 

asymmetric response by consumers to real price rises and real 

price falls. The real price increase and real price decline 

arose from different sources. The real price increase was 

brought about by increasing the money price of the product 

(while other prices stayed constant) and the real price 

decline was due to inflation while the money price was held 

constant. Demand asymmetry arising due to money illusion 

would imply that consumer reaction to real price increases 

would be greater than their reaction to real price decreases, 

as found by Rutherford et al. 

Under such circumstances it would be interesting to study 

the income effects and substitution effects of products within 

and across accounts. When the price alone of a product within 

an account (such as food, clothing etc.) changes while income 

and other marketing mix elements remains unchanged, consumers 

are likely to exhibit substitution and/or income effects. In 

other words, if the price of a product A (within one account) 

goes up, then (i) that product is likely to be substituted by 

another product, say B, or (ii) product A is consumed in 

lesser quantity, or both (i) and (ii). The specific questions 

to be answered under the conditions of price change alone 

while everything else (including nominal income and other 
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marketing mix elements) remains unchanged are: How much of 

product A is substituted by another product, say B, from the 

same account to which product A belongs? Or, how much of 

product A is substituted by another product from a different 

account? Similarly, another set of questions to. be 

investigated is: Does the increase in price of product A 

(within one account) induce consumers to consume less of 

product A, or does it induce reduced consumption of another 

product from the same or a different account? 

Potential Contributions of the Study 

The research questions proposed above are a step in the 

direction of bringing a theoretical perspective to the impact 

of income on consumption in the area of marketing. These 

research questions are a blend of economics and marketing in 

an attempt to further the knowledge of researchers in the area 

of consumption behavior. The answers to the proposed 

questions would enable researchers to better understand the 

substitution and income effects within and across categories 

of products. Additionally, the role of price combined with 

income in the consumption behavior of consumers will be better 

understood. 

The research questions proposed above have both 

theoretical and managerial importance. The theoretical 

implications of investigating the impact of income will 

enable us to shed more light on consumers’ judgment, choice 
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and decision processes. The existing behavioral/psychological 

explanations of how prices enter the consumer choice process 

(grounded in a combination of adaptation level theory, 

assimilation-contrast theory, and prospect theory) appear to 

be inadequate due to the absence of income effects. Answers 

to the proposed questions will extend our understanding of how 

consumers behave under budget constraints. 

Managerially, the study will be relevant to both 

manufacturers and retailers. At the retail level this study 

will help show how consumers substitute one product with 

another product based on changes in income, prices, and 

promotional activity. The study will also aid in determining 

how demand for one product is affected by the prices and 

promotional activity of other products that are included in 

the consumers’ monthly expenditure budget. At the 

manufacturer level, this study will aid in managing different 

but related products (e.g., soft drinks, fruit juices) that 

can be grouped into one broad product category (e.g., 

beverages). 

To either audience, this study will aid in designing 

pricing and promotional strategies. Specifically, the results 

from the study can be used in decisions pertaining to product 

line composition. Patterns of product substitution, based on 

prices and promotional activity, can also be determined from 

this research. This is important in that it will contribute 
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to better forecasting of demand. Additionally, the study will 

identify those products in one set that are unaffected by 

price changes of other products. 

Organization of Chapters 

The rest of this study is organized as follows. In 

chapter 2, properties of the demand functions are first 

discussed along with a discussion of separability and 

conditional demand functions. The literature dealing with 

demand estimation in both marketing and economics is then 

reviewed, and their major shortcomings are critically 

evaluated. In chapter 3, a general technique of incorporating 

marketing mix variables into the utility function is 

presented. A theoretically consistent system of demand 

equations is developed, with particular emphasis on the 

advertising variable. A methodology to simultaneously 

estimate the response functions and test the hypotheses about 

the homogeneity of demand is also presented. Chapter 4 begins 

with a description of the data used to analyze the proposed 

questions followed by the results. Chapter 5 provides the 

conclusions that can be drawn from this research, theoretical 

and managerial implications of this research effort, 

limitations of the present study, and directions for future 

research. 
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Chapter 2: Literature Review 

The field of marketing has tended to model individual 

choice by applying theoretical frameworks primarily from two 

basic disciplines -- psychology and economics. In the context 

of choice modeling, theory generation can be defined as the 

general identification of the preference function and the 

translation of this preference structure into a model of 

choice (Corstjens and Gautschi 1983). 

Thus consumer behavior is frequently presented in terms 

of preferences. The specification of which choices are 

actually available is given secondary place. However, it is 

important to study the limits to choices as well as the 

choices themselves. Individuals do not operate in an ideal 

world where they have unlimited sums of money (income) from 

which they can buy whatever they prefer. Rather, they operate 

under a specific budget which acts as constraint to choice. 

The choices made by an individual are constrained by prices in 

such a way that the total expenditure on the products chosen 

should not exceed some predetermined amount (usually the 

individual’s disposable income). 

The simplest and the most common type of constraint is 

the linear budget constraint. A linear budget constraint 

implies that the sum of all the products purchased (q,) times 

their respective prices (p,) does not exceed a predetermined 

budget M. The constraint can then be written as: 
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kh 

y Pid; = M 1 
i=1 

where p, is the price of product 1, 1=1, 2, ..., n, q, is the 

quantity purchased of each of product i, and M is the budget. 

In this chapter the previous work relating to demand 

estimation is briefly reviewed. The discussion draws from 

published studies in both marketing and economics. The 

objective of the review is to identify the major shortcomings 

in both streams of research, to examine their consequences on 

demand estimation from a marketing standpoint, and to outline 

in general terms a methodology to overcome these limitations. 

The details of the methodology will be given in the next 

chapter. 

The discussion begins with a review of the economic 

theory of demand which includes the properties of the demand 

function, the concept of separability, and the relationship 

between separability and the conditional demand function. 

This material is followed by a review of the approaches to 

estimate demand. 

2.1 Utility maximization and demand system 

The economic theory of consumer demand is derived from 

the utility maximization approach. The basic axiom of the 

utility maximization approach is that a rational consumer will 

always choose a most preferred bundle of products from the set 

of feasible alternatives. This set of feasible alternatives 
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is just the set of all bundles of products that the consumer 

can afford (Varian 1984). Operating under a specific budget 

constraint, the consumer tries to maximize the utility derived 

from consuming the most preferred bundle of products. The 

utility function measures the level of satisfaction an 

individual experiences as a result of consuming a particular 

set of products. The utility function is denoted by 

U = U(q) 2.1.2 

where q = (q,, Q, ---, G,) 18 a vector of n products demanded 

by the individual. The utility function (equation 2.1.2) is 

maximized subject to the budget constraint given by equation 

1 above. Mathematically, maximization of the utility function 

(equation 2.1.2) subject to the budget constraint (equation 1) 

1s carried out by the Lagrangian method. According to this 

procedure, form the equation 

Liq, A) = U(q) - A(p’q - M) 2.1.3 

where p is the vector of prices for all n products, M is the 

total budget, and A is the Lagrangian multiplier interpreted 

as the marginal utility of income (Johnson et al. 1984). 

Differentiating the Lagrangian (equation 2.1.3) with respect 

to q, and A respectively, results in the first order 

conditions 

UA - Ap = 0, and p’q - M=0 2.1.4 

where U, is the vector of derivatives of the utility function 

with respect to the quantities q,, i=1, ..., n. The system 
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of equations obtained from the first order conditions 

(equation 2.1.4) provides n + 1 equations in 2n + 2 variables: 

the n prices, the n quantities, the income M, and the 

Lagrangian multiplier A. The system in equation 2.1.4 can be 

solved uniquely for q,, ..., q,, and A in terms of prices and 

income. The resulting expressions are: 

q, = aq. (py, -+e+ Das M) i =i1, ..., n 2.1.5 

A = Alpy, «-++ Bye M) 

Equation 2.1.5 is a system of demand equations. 

2.1.1 Properties of the demand function 

Adding-up and Homogeneity 

Given that the demand function exists, the consumer, by 

some means or other, has rules for deciding how much of each 

product to purchase when faced with given prices and total 

budget. The quantities demanded under these circumstances are 

given by the functions: 

q, = g,; (M,p) i=l, ..., n 2.1.1.1 

where g, is a function which relates the quantity demanded for 

each product to the prices of all n products and the total 

budget. The demand equation as given in equation 2.1.1.1 

implies that the quantity demanded is a function of prices of 

all the products and the total budget. Such representation of 

demand is also known as the Marshallian demand function. 

Substituting equation 2.1.1.1 in equation 1 yields: 
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p,9,;(M,p) = M 2.1.1.2 
1 l

e
a
s
 

i 

The equation 2.1.1.2 is referred to as the adding up 

restriction, which implies that the sum of all the quantities 

purchased and their given prices must add up to the total 

budget. But there are other implications of the budget 

constraint given in equation 2.1.1.2. Notice that the 

constraint given in equation 2.1.1.2 contains a function g,. 

The fact that the demand functions satisfy the budget 

constraint in equation 1 immediately places a constraint on 

the functions g,. The budget constraint in equation 2.1.1.2 

cannot be satisfied by any arbitrary selection of functions g. 

Thus, in order to satisfy the budget constraint given by 

equation 2.1.1.2 the function g, needs to carefully selected. 

Every demand equation (such as equation 2.1.1.1) must be 

homogeneous of degree zero in income and prices. In other 

words, if all prices and income are changed by an equal 

proportion, the quantity demanded must remain unchanged. 

Formally, for any positive number 8 and for all i fromi1ton, 

g, (0M, Op) = g,(M, p) 2.1.1.3 

This restriction implies that the demand functions are 

homogeneous of degree zero, so that equation 2.1.1.3 is known 

as the homogeneity restriction. To illustrate the homogeneity 

restriction, let the demand for an product, say A, be 

dependent on its own price and prices of products B and C as 
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well as the budget M, i.e., the demand function for product A 

takes the form q, = 9,(Py, Pgr Pe, M). The homogeneity 

restriction requires that 

Od, Od, Od, Od 
. . . M. = 0 
Paap, | P8 Sp, Pe ap, aM 

It is also known as "absence of money illusion" since the 

units in which prices and budget are expressed have no effect 

on purchases. 

Equations 2.1.1.2 and 2.1.1.3 are important features of 

demand analysis. It is sometimes useful to express them as 

restrictions on the derivatives of the demand functions, 

rather on the functions themselves. The adding up restriction 

implies that for k, i= 1, ..., n, 

ag ag 2.1.1.4 
k 4. k _ 

2 Pe ag =1; LP ap, + Gi = 0 

so that changes in M and in p cause rearrangements in 

purchases that do not violate the budget constraint. The two 

parts of equation 2.1.1.4 are sometimes referred to as Engel 

and Cournot aggregation, respectively. 

The homogeneity restriction implies that for 

2.1.1.5 

5 Pp OF) yO _ 0 
K Op, “OM 

k 
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The above expression says that a proportionate change in p and 

M will leave purchases of product i unchanged. 

These formulas can be expressed somewhat more neatly 

using a different notation. Let the budget shares w, be 

2.1.1.6 
(p.q;) 

Ww; => 

M 

Thus the budget shares are the fractions of the total budget 

allocated to each product. 

The logarithmic derivatives of (Marshallian) demands are 

the total expenditure elasticities (e,) and price elasticities 

{e.,); 

_ 0 log g; (M,p) 

1 0 log M 

e. = 0 log g; (M,p) 
ik — D Log Px 

The diagonal elements e,, are the own-price elasticities, while 

the off-diagonal e,, terms are cross-price elasticities. 

Thus in terms of the budget shares and the elasticities, 

the adding up restriction in equation 2.1.1.4 is equivalent to 

b we = 1; y we, + w;, = 0 2.1.1.7 

and the homogeneity restriction in equation 2.1.1.5 is 

equivalent to 

hein + = 0 2.1.1.8 

Equation 2.1.1.8 implies that the sum of all own- and cross- 
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price elasticities of any product k has to be equal to the 

negative of its income elasticity. This condition has to be 

exactly fulfilled if we want to maintain that our computations 

produce estimates of derivatives or elasticities of demand 

functions (Phlips 1974). 

In the case of single equation demand estimation, the 

equation 

2.1.1.9 
Logg; = @; + e;logM + }°e;,logp, + u; 

k 

has frequently been estimated on time series data of 

expenditures, budget and prices. Estimates of e, and e, can 

be obtained by ordinary least squares regression applied to 

equation 2.1.1.9 one product at a time. The homogeneity 

restriction can then be checked by seeing whether the 

estimates satisfy equation 2.1.1.8 or, equivalently, by 

imposing the restrictions a priori and using standard 

statistical tests to test its validity. By contrast, the 

adding-up restriction cannot be accommodated within the double 

logarithmic specification. To see this, write equation 

2.1.1.6 as 

logw; = logq; + logp; _ 1logM 2.1.1.10 

so that under the double logarithmic model 

Chapter 2: Literature Review 23



logw,; = a, + (e; - 1)logM + (e;; + 1)logp; + J e;,logp, 
kei 

2.1.1.11 

The adding-up restrictions, equation 2.1.1.7, tells us that 

the sum of e,’s weighted by w.’s is unity so that (because the 

w.’S sum to one) (i) either all e;’s must be equal to one or 

(11) at least one of them must be larger than unity and the 

others must be less than unity. If (1) is true, the model is 

not very interesting because it implies identical expenditure 

patterns at all levels of total expenditures. In reality the 

expenditure patterns are different at different levels of 

total expenditures. 

In case (ii), there exists at least one "luxury" product 

for which e; > 1 and at least one "necessity" product for 

which e, < 1. We can then lump all luxuries together and 

write E, for total expenditures on them, while E5 is defined 

as budget less total expenditure on luxuries. Equation 

2.1.1.9 can then be used to examine the behavior of E, and E, 

as M increases. Deaton and Muellbauer (1980b) have argued 

that total expenditures add up to less than the budget in some 

regions of the income space and in some other regions of the 

income space the total expenditures exceed the budget 

constraints. Wold and Jureen (1953, pp. 105-107) have shown 

examples of price elasticity other than unity (taking the 

elasticity values as 1/2 and 2) for which the double-log form 
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is theoretically inconsistent. Hence, the double logarithmic 

model will only satisfy adding up generally if we reverse our 

original supposition and take e, = 1 for all products. 

In spite of this implicit rejection of adding up, it is 

sometimes argued that for the analysis of a single product, 

the use of equation 2.1.1.9 does not commit us to logarithmic 

forms for the equations that remain unspecified. This 

argument is satisfactory if the double logarithmic form is 

used only for restricted ranges of total budget. Deaton and 

Muellbauer (1980b) see little virtue in the use of this model, 

particularly since there exist models that are equally simple 

but otherwise more satisfactory. 

Demand analysis is concerned not only with the analysis 

of time-series data but also with the explanations of 

behavioral differences between households in cross-section 

studies. In such studies, it is usually assumed that all 

households face identical prices so that explanations of 

behavioral differences are sought in differences in total 

expenditures and in household characteristics, particularly 

those concerned with family composition. The homogeneity of 

demand functions can play no part in such an analysis since no 

price variation is observed. But adding up, which restricts 

total expenditure elasticities, is still important. Even so, 

the tradition in studies of family budgets has been to choose 

functional forms relating purchases to total expenditure on 
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the basis of goodness of fit without paying much attention to 

this requirement. 

Unfortunately, complete demand systems can be estimated 

only for a limited number of products since the available 

time-series (or statistical or published data) cover at most 

thirty or forty years. These products must therefore be large 

aggregates. One often wants to set up a demand equation for 

a much more disaggregated product (for example, for ‘beer’ 

rather than ‘food’, and for ‘refrigerator’ rather than 

‘durables’, etc.). However, it would be practically impossible 

to estimate the demand at such disaggregate product levels in 

the framework of a complete system. The time-series data that 

is currently available is far less than the large number of 

parameters that will have to be estimated for a complete 

demand system at a more disaggregate product level. 

One way out is to suppose separability (discussed in the 

next sub-section) and multistage-maximization, and to 

construct a sub-system (for ‘food’, say) derived by 

maximization of a branch utility function. But even this may 

be asking too much, given that one may wish to enter into the 

subtleties of the demand for a particular product. Some 

particular features of the demand function of a given product 

may not be shared by other demand equations in the subsystem: 

the demand for product i may be a function of a number of 

variables that do not appear in the other demand equations. 
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It is preferable then to try to estimate a complete system (or 

sub-system), as all equations in a system have the same 

characteristics (same functional form, same independent 

variables). 

In the analysis of the demand for a particular product 

taken in isolation, an ad hoc specification of the demand 

function has to be found. Furthermore, this specification has 

to be such that conditions 2.1.1.5 or 2.1.1.7 are again 

Satisfied. (Otherwise, it would be impossible to pretend that 

the estimated elasticities refer to a demand function.) 

Symmetry (The Slutsky equation) 

The basic idea of symmetry is that the price derivatives 

of a demand equation can be decomposed. Slutsky (1915) was 

the first to show that the reaction of the quantity demanded 

of a product to a change in its price (or to a change in the 

price of any other product) can be decomposed into an income 

effect and a substitution effect. The first effect designates 

the variation (in the quantity demanded) due to the fact that 

a price change implies a change in the real income of the 

consumer: if a price increases, for example, the purchasing 

power of consumers is reduced. They will therefore adjust 

their demand. Generally (but not necessarily) the reduction 

in purchasing power will lead to a reduction of demand. 

The substitution effect is that part of the variation in 

quantity demanded that is due to the fact that if the prices 
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of one product changes, its relative price also changes, with 

the result that less will be consumed of the product whose 

relative price increases (and more of the products which are 

substitutes of it), if one ignores the income effect. 

Both effects are the result of one and the same price 

change. Their sum is equal to the observed variation in the 

quantity demanded. It is worth noting that the income effect 

is a guantity change, which results from a change in price 

(not nominal income) . 

The cross-price derivatives of the Hicksian demands are 

symmetric, that is, for all i # j 

2.1.1.12 
oh, (u,p) _ dh, (u,p) 

Op; Op; 

Since 

2.1.1.13 
h;(u,p) = dc (u,p) 

Dj 

dh; ss @@e 

OD; Op;0p; 

Similarly, since 

2.1.1.14 
hj(u,p) = dc (u,p) 

Pj 

Oh; = ge 

Pj Op,9p; 

so that the only difference between the two lies in the order 
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of the double differentiation. Young’s theorem asserts that, 

given that continuous derivatives exist, the order of double 

differentiation does not matter and hence the two derivatives 

are identical. 

Negativity 

The n-by-n matrix formed by the elements dh,/dp, is 

negative semidefinite; that is, for any n vector @, the 

quadratic form 

2.1.1.15 

yy FE job; 
yd <0 

OD; 

For convenience, we denote dh;,/dp, = s.. and denote the array 
VJ 

of s,;;'s as S. This is the Substitution Matrix or Slutsky 

matrix of compensated price response; by equation 2.1.1.14 and 

2.1.1.15 it is symmetric and negative semidefinite. The 

negativity property places a whole series of inequality 

restrictions on the elements of S; most importantly, the 

diagonal elements must be nonpositive: for all i, 

S;; <s OQ. 2.1.1.16 

Thus an increase in price with utility held constant must 

cause demand for that product to fall or at least remain 

unchanged. As for the wider restrictions embodied in equation 

2.1.1.15, imagine that some "compounds" C are sold that 

contain other products in fixed proportions and that these 

compounds are priced according to the prices of the 
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ingredients. These C too must then have nonpositive own-price 

substitution effects in terms of their own (compensated) 

prices. Equation 2.1.1.16 is, of course, the "law of demand" 

that compensated demand functions can never slope upwards. The 

difference here is that equation 2.1.1.16 comes only from the 

concavity of the cost function which, as already emphasized, 

holds true whether preferences are convex or not. Negativity 

has thus nothing to do with the curvature of the indifference 

curve. 

If symmetry and negativity are to be made testable, it 

must be possible to observe the substitution matrix S, and 

this means defining it in terms of the Marshallian demands. 

This is done through the Slutsky equation. 

2.1.1.17 
— _ 8h; _ 99; | 0g; 

N° 3p; OMY” Op, J 
s 

The last term in equation 2.1.1.17, 0g;/Op; is the 

uncompensated price derivative of q, with respect to p;- To 

"compensate" this, an amount qj (the derivative of minimum 

cost with respect to p;) times 0g,/OM (the total expenditure 

derivative of q.) must be added on. Everything on the right- 

hand side of equation 2.1.1.17 relates to the magnitudes that 

can, in principle, be directly observed by varying M and p. 

Hence S can be calculated experimentally and symmetry and 

negativity are empirically testable. Note finally that S is 
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unaffected by transformations of the utility function since 

such transformations do not affect the right-hand side of 

equation 2.1.1.17. 

Eguation 2.1.1.17 is usually written as 

05; = S::. - 05; . 

dp) om J 

so that the uncompensated price response is decomposed into a 

substitution effect of the price change (s;;) and an income 

effect of the price change ( -q,0g,/0M ). 

2.1.2 Separability 

The concept of separability evolved from Strotz’s (1957) 

"utility tree" concept which suggests that the relationship 

among all products stems almost entirely from the competition 

for fixed budget amounts. 

The basic idea of this concept is that the elements 

belonging to the product bundle may be partitioned into 

different groups. Budget allocation then is a step-wise 

procedure whereby the consumer first allocates his/her total 

budget among groups and then allocates the group budgets 

among individual products within a group. 

Strotz - Utility Tree 

The two stage allocation process assumes that the utility 

function possesses certain properties. Let the utility 

function be expressed as: 
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U =U (q,, Gy, - + ++ G,) 2.1.2.1 

and assume that it may be separated into s branches such that: 

U = F [U'l(q') + U®(q?) + 2. 2. 2 + US(g§)] 

where: Ul(q') = u'(q,', qo’, Loe ey Gai’) 

n, = the number of products in the it group such 

that: ny +ny+..-.+ ny =n. 

That is, we assume the utility function is additive among 

groups. Now if 2.1.2.1 is maximized subject to 

y P;d; = M, 

Strotz arrives at a demand function which when expressed in 

linear form is: 

i i i i i 
qj = a; + » Bi; +P; + Y Bi, Px + ¥;-M 

iel kdl 

where: q,' = j® product belonging to the it product 

group 

3 = 1, 2, , n; 

1 = i1, 2, , s&s 

p; = the vector of n, prices in the it? group 

p, = the vector of n - n, prices in all other groups 

a’'s are constant terms 

B,,' and B,''s are price slopes 

7;\'s are income slopes. 

To illustrate, suppose we have a simplified six product world 

consisting of the following: 
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i1=1 i = 2 i = 3 

Hamburger (H) Volvos (V) Movies (M) 
Steak (S) Fords (F) Television (T) 

We might logically divide these into three independent groups: 

Foods Automobiles Entertainment. 

Intuitively we would expect strong relationships between the 

products within each group but weak or no relationships 

between products in different groups. Taking group one, 

Strotz would express the demand functions as follows: 

Hamburger: 

1 1 1 1 1 4 1 1 , 

Gy = Oy + Bun: Pa + Bus - Ps + Buy - Pv + Bur - Pr + Buy Py + Buy - Pr + ¥,-M 

Steak: 

{ 1 1 1 1 1 1 1 1 

dg = M + Beg Ps + Boy-Py + Boy-Py + Bgp-Pr + Boy-Py + Bsp-Pr + Yy-™! 

Strotz further shows that for the above relationships: 

1 1 1 1 1 
Buy _ Bae _ Ban _ Br _ vu 

By Bip By Bay YS 

i.e., the coefficients Bia’ and B i>," will be in fixed 

proportion for product k not in branch i and the fixed 

proportion is such that the ratio of the price slopes is equal 

to the ratio of the income slopes. 

Using this result, it is easy to see that all cross-price 

relationships between product groups can be calculated with 
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only a knowledge of the income coefficients and at least one 

intergroup coefficient. 

Separability of products within a utility function in 

general assumes that the ratio of marginal utilities of a pair 

of products i and j is unaffected by the level of consumption 

of a third product k. That is, it is assumed that for all 

k #1, 3 

holds for at least some products. 

Various types of separability assume that only the 

marginal utilities are changed equally because of a change in 

the consumption of the k™ product. 

Based on different assumptions, there are three types of 

separability defined in the economics literature. 

1) Weak Separability - If two products belong to the same   

group the ratio of their marginal utilities is independent of 

the quantity consumed of any product outside that group. 

Another way of stating weak separability is that it 

implies that the utility function may be divided into 

subgroups such that the marginal rate of substitution (MRS) 

between two products i and j from the same group (say G) is 

independent of the quantities of products not belonging to 

group G. 

Chapter 2: Literature Review 34



Thus it is assumed that for all i, j3 € Gand k €G. 

a (U,/U;) 
= 0 

Oa, 

Goldman and Uzawa (1964) show that this implies a utility 

function of the non-additive form: 

U (qj, - + ++ G) = FIU' (q'), UW (gq), © . ., US (Q§)] 

where: uU' (q') = U' (q,", qa" motes dni’) 

1 =1, 2, .. ., S = number of groups 
Ss 
Yn, = N = Total number of products 

i=1 

Weak separability is the least restrictive form of 

separability and leads to the following observable 

relationship: 

oa = coy ce 2.1.2.2 

for i € R andj eé€S and R # S where 

Ami = oo Gnj = oo x®S = constant 

ise is the compensated cross-price slope; i.e., the 
j 

cross-price slope compensated for income changes. 

The compensated cross-price derivatives between two 

products (i and j) belonging to two different groups (R and S) 

are proportional to the product of their income derivatives 

(q,; and q,,). The constant of proportionality (X88) is the 
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constant between any given pair of groups but varies between 

group pairs. 

Thus, with weak separability: 

a) Substitution between products within a group is 

unrestricted as is substitution between groups as a whole. 

b) Relationships between specific products in different groups 

are restricted to conform to the group interaction. 

c) e, = eC ix for alli, j € Gand k €G. 

Equation (2.1.2.2) above of course suggests a substantial 

number of parameter restrictions and limits the number of 

parameters to be estimated. 

2) Strong Separability 

Assume that if two products, i and j, belong to different 

groups, R and S, each of their marginal utilities is 

independent of the quantities consumed of the other. That is, 

for i1andj, where iec-¢R, j € S, R € S: 

Strong separability implies that the utility function can be 

partitioned into subgroups such that the marginal rate of 

substitution between two products i and j from two different 

groups (R and S) does not depend upon the quantities of 

products not belonging to the same subsets as i and j. That 

is, for all k € group G, i € group R, j € group S, R€S €G: 
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These conditions imply a utility function which is additive 

among product groups: 

U(Q,, Gpr + + +, G) = F[u' (q!) + U* (q*) +... + US (gS) ] 

which is consistent with the utility function needed for 

Strotz’s utility tree. If only one product appears in each of 

the s groups, we have want-independence. (Only one product in 

each group = pointwise separability.) 

The assumption of strong separability leads to 

oq; 
A =X. (q,;.q,;) ieR, jeS, R#S Op; mi mj 

where 

aq; = 0d; . 0g; 

mi gM’ Sei ~ OM 

X = constant between all groups and 

oq; 
A is the compensated cross-price slope; 1.e., the 
Op; 

cross-price slope compensated for income changes. 

Strong separability implies the following number of parameters 

to be estimated: 

a) n income elasticities 

b) 1 intergroup price elasticity 
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N 

ec) 1/2 ¥ n, (n, + 1) intragroup price elasticities. 
G=1 

3) Implicit (Quasi) Separability 

Conceptualized by Gorman (1970), preferences are said to 

be quasi-separable if and only if the cost function can be 

written as 

c({u, p) = Cle,(u, p,), . - ., ¢.(u, pd] 2.1.2.3 

where the functions C(.) andg,(.) have the general properties 

of cost functions. Products are partitioned into r groups with 

price subvectors p,, .. ., p,. Deaton and Muellbauer (1980b, 

p. 134) discuss separability of this type (which may be termed 

implicit separability) and show that the group budget shares 

(W. = M./M) may be derived from r 

W. = Q@lnC/dinc,. | 2.1.2.4 

Intragroup budget shares (W. = q;p;/M,) may be derived from 

W., = Olnc.(u, p,)/dlnp,,;, i € group r 2.1.2.5 

where c.(u, p.) can be considered as group price indices that 

depend on the level of overall utility u. Each vector p, is 

composed of the prices of the individual i products within the 

group r. 

From Sheppard's lemma, the share of 1 within M (total 

group expenditures), or W,, = q,p,/M, may be derived from 

2.1.2.6 
We. = d1lnc dlnc, - WW. 

Ci dinc, ° olnp,; rer" 
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2.1.3 Conditional Demand Functions and the Implications of 

Separable Utility 

The following discussion on conditional demand functions 

and its linkage to separability is based on Pollak (1971) and 

Bryant (1983). 

Consider an individual whose preferences can be 

represented by a utility function, U(q,, q,, . . .-, q,), where 

q, denotes his/her consumption of the it product. The 

individual is supposed to regard the prices of all products 

(p,, Dor s+ es P,,) as given, and to behave as if s/he were 

maximizing U(q,, qd, - - +, q,) subject to the budget 

constraint Yp.q, = M, where M denotes the total budget. 

In every price-income situation there is a unique 

collection of products which yields greater utility than any 

other combination satisfying the budget constraint. The 

quantities of the various products. in this utility maximizing 

combination depend on all prices and income; that is 

q. = h'(p,, Po, - + ++ Dry M) = hi(P, M) 2.1.3.1 

where P denotes the vector of all prices. The functions (h!, 

h*, . . , H") are the "ordinary demand functions". 

If the individual’s consumption of one product has been 

determined before s/he enters the market, then that product is 

said to have been "preallocated". For example, if we consider 

a college student who lives in an apartment off-campus, the 

monthly rent that is paid for occupying the space is viewed as 
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"preallocated". It is assumed that the individual is not 

allowed to sell any of his/her allotment of a preallocated 

product, and that s/he cannot buy more of it. For 

definiteness, suppose that the n-th product (in this case the 

apartment) is preallocated. The student is then free to 

choose any bundle of products that will maximize his/her 

utility from the money remaining after paying the rent. Thus, 

we assume that the first n - 1 products are available on the 

market at prices (p,, Py, - - -, P,.,) Over which the individual 

has no control, and that his/her total expenditure on these 

products, A, is also predetermined. The individual is 

supposed to choose quantities of the first n - 1 products so 

as to maximize U(q,, qd, - . -, q,) subject to the "budget 

constraint" 

Yp,4; = A 2.1.3.2 

and the additional constraint 

qa, = qd, 2.1.3.3 

where a, denotes his/her allotment of the n-th product. 

Hence, the consumers’ demand for the products available on the 

market depends on the prices of these products, total 

expenditures on them, and their allotment of the n-th product. 

That is, 

q, = g'"(p,, Po, - +» -, Diy A, GQ) di #n. 2.1.3.4 

We call the function g'*" the "conditional demand function" 

for the i-th product. The second superscript, n, indicates 
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that the n-th product is preallocated. 

Conditional demand functions can also be defined when 

more than one product is preallocated. In general, a 

conditional demand function expresses the demand for a product 

available on the market, as a function of 

(1) the prices of all products available on the market, 

(2) total expenditure on these products, and 

(3) the quantities of the preallocated products. 

Formally, we can partition the set of all products into 

two subsets, 6 and 6". We assume that the products in 6 are 

available on the market while those in 6” are preallocated; 

thus, if k € 68, then gq, is available on the market, while if 

k € 6", then q, 1s preallocated. We denote total expenditure 

on the products available on the market by A®. The individual 

is supposed to maximize U(q,, . . -., q,) subject to the "budget 

constraint" YP.q; = A® and the additional constraints 

Y= k € 0 2.1.3.5 

Since the demand for a product available on the market 

depends on the prices of the products available on the market, 

total expenditure on them, and the quantities of the 

preallocated products, equation 2.1.3.4 can be expressed as 

q, = gi (Py, AP, Qyy) i¢€6@ 2.1.3.6 

where P, denotes the vector of prices of the products 

available on the market and Qos denotes the vector of 

preallocated products. The function g'-*™“ is the conditional 
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demand function for the i-th product; the second superscript, 

8*, indicates that the products in 6* are preallocated. 

Conditional demand functions are useful in a number of 

areas of the theory of consumer behavior. Pollak (1971) uses 

them to analyze the implications of separability. In 

addition, they can be used as the basis of a useful 

decomposition of the cross price derivatives of the demand 

functions. 

The notion of separability is connected with conditional 

demand functions and can be explained and its uses 

investigated in terms of them (i.e. conditional demand). 

The general implication of separability is that if a 

product is ’separable’ from a set of other products, then its 

unconditional demand can be written as function of its own 

price, the prices of the products from which it is not 

separable and the total expenditures on these products. 

Neither the prices of the products from which it is separable 

nor total income needs to be included in the list of 

independent variables. Thus if a product is '’separable’ from 

a large number of other products, then the data set necessary 

to estimate its demand or expenditure function is much smaller 

than if the product is not separable. 

An example will make this point clear. Suppose that 

there are four products, that the product under investigation 

is product 1, and that it is separable from products 3 and 4. 
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Then, the demand for product 1 can be written either in its 

conventional unconditional form, 

q, = h'(py, Do, Pyr Py M), 

or, equivalently, as 

1.3,4 (p,, Po, M,) ' 

F979 

where 

M d = Pid, + Podg = M ~- Psdz3 - Pyd- 

It is this theorem which we implicitly appeal to when we 

estimate a demand function for clothing, say, and do not 

include the future prices of clothing and other products or 

when we exclude the wage rates of employed family members. In 

the former case we are implicitly assuming that the current 

demand for clothing is separable from the demands for future 

clothing and other products. In the latter case, we are 

assuming that the demand for clothing is separable from the 

demands for leisure of the family members. 

Placed in this light, introducing the concept of 

separability raises the question of whether such common 

empirical practices as these are justified. It also raises 

the question of whether other less common simplifications are 

possible. 

Separability allows us to use a simplified form of the 

conditional demand function to estimate the unconditional 

demand. In so doing, the number of independent variables that 

must be included in the equation is reduced and income is 
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redefined in its discretionary form. 

If two groups of products are separable, then the 

consumer’s preferences with respect to the products in one 

group can be described independently of the quantities of the 

products consumed in the other group. For example, if food is 

a group, the consumer can rank different bundles in a way 

which is independent of his consumption of automobiles, 

entertainment, clothing, and everything else that lies outside 

the food group. 

One must note what separability does not imply. It does 

not imply that a change in the consumption of product 3 has no 

effect on the demand for product 1 at all. After all, a rise 

in q, raises expenditures on product 3, p,q,;, thereby lowering 

discretionary income M,. And one would expect changes in 

discretionary income to affect the demand for product 1 even 

if preferences remained constant. This is so because changes 

in income simply alter the extent to which preferences can be 

Satisfied without altering the preferences themselves. 

In summary, then, separability can significantly reduce 

the number of independent variables needed to explain the 

demand, expenditure, or consumption of any particular product 

by allowing a simplified conditional demand function to be 

estimated. This can reduce the data needed for an analysis 

and increase the degrees of freedom at the disposal of the 

researcher, two benefits which have high payoffs. 
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2.2 A Select Review of the Econometric Approaches to Demand 

Estimation. 

The econometric estimation of demand has a long history 

in marketing. A large number of studies has been reported in 

the literature, and any attempt to comprehensively review the 

literature would extend well beyond the scope of this chapter. 

Excellent reviews and discussions of demand estimation and the 

measurement of the response to marketing mix effects can be 

found in Clarke (1976), Hanssens, Parsons and Shultz (1990), 

Lambin (1976), and Naert and Leeflang (1978). The objective 

of this review is to evaluate critically certain aspects of 

demand estimation and identify the main shortcomings and 

examine procedures to rectify them. 

Econometric demand modeling is approached differently by 

marketing researchers and economists. These two approaches 

can be classified as: 

1) Aggregate models that are not explicitly based on 

postulated behavior of micro-units (household or individual 

consumers). Such an approach is widely observed in the 

marketing literature. 

2) Models based explicitly on postulated behavior of micro- 

units and subsequently aggregated over micro-units. 

Economists tend to use such an approach on a regular basis. 

Fach of these will be discussed in turn. 
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2.2.1 Direct Aggregate Models 

Most econometric approaches to modeling demand, as seen 

in the marketing literature, start froma direct specification 

of an aggregate model, i.e., the final specification is not 

derived from any underlying individual choice process. 

Several substantive issues arise when such an approach is 

used. Among the more important issues are: 

a) Identifying the level at which demand is being estimated -- 

brand or product category level. 

b) Specification of the functional form to be used in the 

estimation, and also how the dependent variable is to be 

measured (e.g., sales in dollars or units). 

c) Identifying the explanatory variables to be included in the 

estimating equations. This should also incorporate a 

consideration of competitive effects. 

d) Specification of the structure of the disturbance term. 

e) An examination of the different estimation techniques, and 

the reasons behind the choice of a particular method. 

f) A discussion of the appropriateness of the data used in the 

analysis, including any limitations or potential sources of 

error in measurement. 

These issues are not independent of each other and in 

fact, there is substantial interdependence among them. The 

critique that follows will reflect this. Further, some issues 

relating to demand estimation must be addressed jointly (e.g., 
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the specification of the functional form and the explanatory 

variables that should be included), but for ease of exposition 

these are discussed separately. 

Level of Demand Modeled and the Nature of the Product 

The level at which demand is estimated, i.e. at the brand 

or product category level, directly influences a number of 

other aspects of any econometric model. For example, the 

explanatory variables and the competitive effects that have to 

be included would clearly be different in the two situations. 

The estimation of demand may be carried out using a two-stage 

procedure. A product class model is first developed. Then 

given the demand for the product class, the demand for a 

particular brand can be estimated (Lambin 1976). The 

functional form and the explanatory variables used at each 

stage should be appropriately chosen, and a coherent link 

established between the two models. 

Nature of the Product or Service 

The nature of the product or service for which demand is 

being modeled has implications across a number of decisions, 

including the choice of an appropriate functional form, 

specification of the exogenous variables, and the 

incorporation of dynamic and carry-over effects. For example, 

in modeling the demand for a durable product, macroeconomic 

variables such as disposable income, expectation about future 

income and price levels, and the existing stock of the product 
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will be important determinants. These variables will be less 

important in the case of non-durable products. 

Most, if not all, published studies do clearly state the 

level at which demand is modeled, and also describe the nature 

of the product/service under study. But, consistency with the 

other aspects of modeling is lacking. To see this, the 

following aspects are examined. 

Functional Forms 

The specification of an appropriate functional form is 

one of the most critical aspects of modeling the response to 

the marketing mix variables. A variety of functional forms 

have been employed with the final specification often being ad 

hoc and heavily dependent on the data, as exemplified by the 

use of fit criteria such as R? and Mean Square Error. The 

generality of the results obtained are therefore cast in 

doubt. 

The focus of most studies has been the estimation of the 

response parameters, and consequently a number of functional 

forms are tried and the "best" among them is then selected. 

The two most commonly used functional forms in marketing are 

the additive and multiplicative models (Tellis 1988). 

Evidence from Assmus et al. (1984) indicate that 44% of all 

studies analyzed in their meta-analysis used the additive 

functional form and 56% used the multiplicative functional 

form. 
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1) Additive Form (Linear Model) 

The linear form is expressed as: 

J 

yr a+ BP + Soy +a 
j= 

where y is the dependent variable (usually sales or market 

share), P is the price variable, ff is the parameter associated 

with price, Xi, j = 1, 2, . . ., J are other explanatory 

variables, y(j), j = 1, 2, . . ., J, are the parameters 

associated with other parameters and u is a disturbance term. 

The advantages of such a specification are: 

a) ease of estimation as the model is linear in parameters. 

The disadvantages of the linear model are:   

a) lack of theoretical basis for the specification. 

b) fit (R*)of such models could be artificially increased by 

including additional variables without a sound theoretical 

reasoning. 

c) does not allow for interaction terms to be modeled 

explicitly. The interaction terms, though, could be added 

to the linear formulation at the expense of increasing the 

number of parameters to be estimated. 

dad) the additive form assumes a linear response to price 

changes. 

e) imposes an elasticity structure whereby the elasticity 

equals B(P/y), resulting in the undesirable property of 
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having lower elasticities for deeply discounted prices 

(Mulhern and Leone 1991). 

ii) Multiplicative Form (Log-Linear or Double-Log Model) 

The multiplicative form is expressed as: 

d : 

j=i 

where y is the dependent variable (usually sales or market 

share) and Xi Jj = 1, 2, . . ., J are the explanatory 

variables, §6(3), j = 1, 2, . . ., J, are the associated 

parameters and u is a disturbance term. Logarithmic 

transformation of both sides results in the double-log form. 

J 

log y = }> Bjlogx; + u 
jt 

The model has a number of advantages including: 

a) ease of estimation as the model is linear in the 

parameters. 

b) allows for limited interaction effects between the 

marketing mix variables. 

c) the coefficients have the direct economic interpretation of 

being the respective elasticities. 

d) empirical results obtained often have descriptive validity 

- more so than the linear form. 

The disadvantages of the log-linear form are: 

a) the lack of theoretical basis for the specification. 
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b) the constancy of the parameters and hence of the elasticity 

of demand, is not tenable in most situations. For example, 

if price is one explanatory variable, then for most 

downward sloping demand curves the price elasticity of 

demand is not a constant and is a function of the price 

level. A ten percent change in price is unlikely to affect 

demand by the same percentage at widely different prices. 

if demand is estimated simultaneously for a set of 

competing brands with market share as the dependent 

variable, then the double-log form is not logically 

consistent (i.e. the predicted market shares may not lie 

between 0 and 1, and may not add up to 1). Naert and 

Bultez (1973) show that for this specification no 

restrictions (other than highly trivial ones) will make the 

model logically consistent. Based on theoretical 

reasoning, it can be argued that logical consistency is a 

desirable property. However, from an empirical standpoint, 

how critical is logical consistency? Clearly, if the 

estimation is for a single brand, then logical consistency 

is not critical. Brodie and deKluyver (1984), citing 

empirical evidence from a study of three markets, claim 

that log-linear models perform as well as models that are 

logically consistent. If demand is being estimated for a 

set of brands with market share as the dependent variable, 

then as the market shares must sum to one in any period, 
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the error terms across the equations must sum to zero, i.e. 

they are linearly dependent or correlated. If this 

correlation among the error terms is high, then estimating 

the parameters in a joint generalized least square 

framework will lead to more efficient estimates than if 

estimated equation by equation. In both cases, however, the 

estimates will be consistent (Zellner 1962). 

d) even if the model has descriptive validity, the fact that 

it has no underlying theoretical basis leaves the 

generality of the specification in doubt. Further, Godfrey 

and Wickins (1981), using a more powerful Lagrange 

Multiplier Test, demonstrate that even if the model has 

descriptive validity, it could still be misspecified. Hence 

descriptive validity per se is not sufficient, particularly 

if an understanding of the underlying phenomenon is as 

important as predictive validity. 

e) the specification per se does not resolve the issue of 

which variables should or should not be included. 

Out of the above two models, which functional form best 

fits the data is an empirical issue and ad_ hoc specifications 

are often used in the absence of an underlying guiding theory. 

iii) Other Functional Forms 

The primary justifications for the linear form are ease 

of estimation and descriptive validity of the results 

obtained. However, such a specification has some severe 
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drawbacks. A major problem is the assumption of linearity of 

the responses to the marketing mix variables, particularly 

price and advertising. The specification is also not 

logically consistent. Further, as shown by Godfrey and 

Wickens (1981), using descriptive validity as a justification 

can be misleading because the model could still be 

misspecified. 

Models that are inherently non-linear have been used very 

infrequently. Without strong a priori justification it is not 

clear what particular advantages are introduced by such 

specifications, given the increase in the complexity of 

estimation. 

Specification of the Explanatory Variables 

Simultaneous to the issue of specification of the 

functional form is the decision as to which explanatory 

variables should be incorporated into the model. In the 

absence of a guiding theory or strong a priori reasoning, the 

decision is usually driven by the availability of data and/or 

some measure of the goodness of fit. Even if the model 

specification is guided by a strong theory, a certain element 

of arbitrariness is present as no theory will completely and 

perfectly describe all relevant variables that should be 

included. The objective should therefore be to minimize the 

arbitrariness associated with model specification. 
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Two marketing mix variables of particular importance are 

advertising and price. In measuring the effect of price on 

demand it may be desirable to separate the effects of the 

regular price (or shelf price) from that due to special 

promotional activities, such as coupons and deals (temporary 

price cuts). The interaction between price and advertising is 

also of importance (Moriarty 1985; Wilkinson et al. 1982). 

Other marketing mix variables whose effects on demand are of 

interest in general are retail shelf space, market penetration 

as measured by (say) number of distribution outlets, and 

product quality. 

Specification of Competitive Effects 

A  product’s own marketing mix variables (price, 

advertising, quality, etc.) have an impact on its demand. The 

demand for that particular product is also affected by the 

marketing mix of the competing products. Most demand studies 

in marketing have dealt with markets characterized by fairly 

intense competitive activity. However, the incorporation of 

competition has been limited. The most frequently encountered 

method of including competition has been only implicitly via 

the use of relative effects, such as relative prices or 

advertising of the product (brand) under consideration. This 

is clearly limited and conveys no meaningful information on 

the asymmetric effects of competitive activity, such as cross- 

price and cross-advertising elasticities. Further, the use of 
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relative effects presumes that the correct structure (1.e., 

the set of closely competing brands) is known. Frequently, 

this reduces to considering some arbitrarily selected set of 

brands as composing the relevant set. This is clearly very 

unsatisfactory as the estimates obtained will be inconsistent 

if an incorrect structure is assumed. Further, recent 

empirical findings from studies of market structure (e.g., 

Urban et al. 1984) demonstrate that it may be incorrect to 

assume that the entire product category consists of brands 

directly competing with each other. 

It would be desirable to consider a set of related 

products in the context of a system, and estimate response 

parameters by incorporating dependencies and asymmetric 

effects across products. 

To summarize, aggregate demand models have generally 

produced results with product descriptive validity (i.e. 

Significant parameter estimates, significant overall measures 

of goodness of fit, and signs of coefficients being consistent 

with a priori expectations). The models are also easily 

estimable. Among the major drawbacks are that the model 

building continues to be plagued by lack of guiding theory and 

arbitrariness in specification. As discussed previously, 

descriptive validity per se is not a sufficient criterion for 

determining adequacy of model specification. Hence, the 

generalizability of the results remain in doubt. 
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2.2.2. Models Based Explicitly on Postulated Behavior of 

Microunits. 

Whereas economists regularly model demand with 

microeconomic theory of consumer demand as its foundation, 

very few studies in marketing have utilized functional forms 

that start from an explicit model of postulated behavior of 

micro-units to obtain an aggregate response model. Two such 

studies, those by Blattberg and Jeuland (1981) and Bass and 

Pilon (1980), are exceptions to the general practice in 

marketing. These studies are reviewed first, followed by a 

review of the recent developments in modeling demand in the 

economics literature. 

Blattberg and Jeuland (1981) focus on advertising effects 

on the micro-units and postulate two basic processes - reach 

and decay. They then explicitly aggregate over micro-units 

and time to obtain an aggregate sales response model that 

resembles but is different from widely used models. The 

authors provide some insights into the errors that can result 

when a typical macro distributed lag model is used. The 

effects of price and competitive variables are ignored. More 

importantly, although the model attempts to describe 

individual behavior, the model is not one of optimizing 

behavior. 

Bass and Pilon (1980) also developed a model which has 

individual consumers as the unit of analysis. The basic 
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framework is drawn from stochastic modeling of brand choice. 

Further, the form and nature of the decision variables is 

determined from the data using multiple time series analysis. 

Given these two basic constructs underlying the individual 

behavior, an aggregate model is derived. While this approach 

is an improvement over the types of aggregate models 

previously studied, the model suffers from the limitations of 

stochastic brand choice models - such models are at best only 

stochastically descriptive of consumer behavior.°? 

Therefore, it is seen that specification of demand models 

based on plausible behavior of micro-units is really lacking 

in marketing. This appears to be somewhat surprising, as 

economists have been developing such models, particularly for 

frequently purchased products, with increasing theoretical 

sophistication (Deaton and Muellbauer 1980a, 1980b; Phlips 

1983; Pudney 1989; Theil 1975, 1976). It can be reasonably 

argued that such models are not directly applicable and 

require modification and adaptations to meet the specific 

requirements of marketing problems. But, that in itself is 

not proper justification for not attempting to use them. 

Developing a model at the micro level helps overcome some 

  

The study by Krishnamurthi and Raj (1985) involves some 
limited estimation at the individual level, but does not 
explicitly contain any behavioral description of micro-units. 
Winer (1980) describes an individual level model, but presents 
no empirical evidence. (An important drawback of this model is 
that estimation in the specified form is not feasible.) 

Chapter 2: Literature Review 57



of the problems previously identified with aggregate models. 

For example, when modeling is done at the individual level, 

problems relating to simultaneity and competitive reaction can 

be ignored, because in the modeling of the choices of an 

individual consumer, price, advertising, promotion, etc., can 

be treated as exogenous or parametric to the individual’s 

decision problems. 

2.2.2.1 Select Review of Demand Modeling in Economics 

Literature 

Demand system specifications in contemporary economic 

literature are developed using a utility maximization 

framework. Each of the specifications results in a reduction 

of the number of coefficients in the complete system of demand 

functions, making joint estimation of the parameters more 

feasible. The resulting demand systems are attractive because 

they satisfy basic properties of the demand function reviewed 

in section 2.1.1. (Johnson et al. 1984), and they can be 

estimated from available time series data. 

Three of the utility function approaches to estimate 

demand are discussed below®: 1) the linear expenditure system, 

  

fan alternative stream of research in demand estimation, 
which does not rely on the utility maximization approach, is 
developed by Theil (1965, 1976). This has resulted in a demand 
system known as the Rotterdam model. A major criticism of 
Theil’s Rotterdam model is the assumption of constant 
elasticity of a good’s marginal utility. The Rotterdam model 
has been applied by Clements and Selvanathan (1988) and 
Vilcassim (1989) to study marketing problems. 
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2) the indirect translog model, and 3) the Almost Ideal Demand 

System. The first approach falls under the category of static 

demand systems since it originates from assuming the utility 

function to take a particular functional form. The latter two 

approaches are known as "flexible functional forms" approaches 

Since they do not require the utility function to take on a 

particular functional form. 

Linear Expenditure System 

The linear expenditure system (LES) is derived from a 

utility function suggested by Klein and Rubin (1947-1948): 

U = Bilogi(q - y¥) 2.2.2.1 

where B = [§,]’ is the n-component vector of marginal budget 

shares and y = ly,J]’ is the n-component vector of quantities 

interpreted as minimum consumption levels. This 

interpretation holds only when y, is assumed positive. The 

parameter vectors $ and y are estimated subject to the 

restrictions 0 < 8, < 1 (i = 1, 2,..., n), 1’$ = 1, and 

(q - ¥) > O. Maximizing the utility function expressed in 

equation 2.2.2.1 subject to the budget constraint p’gq = M 

yields as first order conditions 

(Q - T)'B - Ap = 0 2.2.2.2 

p’q - M = 0 2.2.2.3 

where Q and [. are n x n diagonal matrices with nonzero 

elements given by the vector g and y. Upon solving equations 

2.2.2.2 and 2.2.2.3 for the vector ff, and some rearrangement 
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of terms, we get a system of demand equations given by 

2.2.2.4 
q=y + (M-p’y)P'B 

The system of expenditure equations corresponding to the 

demand system in equation 2.2.2.4 can be written as 

2.2.2. Un
 

Pidi = Pi¥i + B; (M - Y> PjY;) 1,j =1,...,n 

J 

and the individual expenditure functions contained in the 

system in equation 2.2.2.5 are expressed as 

2.2.2.6 

Pidi = Pi¥i + BM - ¥' pjy;) i,j =1,...,n 
j 

The most appealing feature of the linear expenditure 

system is that it has only 2n parameters. However, this 

system is overly restrictive since inferior products are 

excluded from being modeled (Johnson et al. 1984). Moreover, 

the linear expenditure system is derived from individual 

utility functions and the issue of deriving an aggregate 

version of the linear expenditure system has been largely 

ignored (Phlips 1974). Recent developments in consumer demand 

theory have resulted in a demand system, known as the Almost 

Ideal Demand System (Deaton and Muellbauer 1980a) which 

aggregates perfectly over individuals. The Almost Ideal 

Demand System (AIDS) is discussed in the next section. 
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Flexible Functional Forms 

The basic method to derive flexible functional forms is 

to approximate the direct utility function, the indirect 

utility function, or the cost function by some specific 

functional form that has enough parameters to be regarded as 

a reasonable approximation to whatever the true unknown 

function may be. 

1) Indirect Translog Model 

This model is due to Christensen, Jorgenson, and Lau 

(1975). They approximate the indirect utility function by a 

quadratic form in the logarithms of the price to expenditure 

ratios, that is 

“2 u = W(M,p) = @ + La log (—_— *3hh%, jlog ( =) log (= ) 

2.2.2.7 

where @, «@.’s, and BS ‘Ss are parameters. 

The equation 2.2.2.7 can be regarded as a second-order 

Taylor approximation to any arbitrary utility function. The 

authors argue that if the data do not correspond to the demand 

functions derived from equation 2.2.2.7, then the demand 

theory must be false. However, there is no reason to suppose 

that utility functions are exactly translogarithmic for 

individual consumers or in aggregate so that equation 2.2.2.7 

will be an approximation and like all approximations, will be 
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more or less accurate. 

Application of Roy’s identity to equation 2.2.2.7 yields 

the system of demand equations 

2.2.2.8 

a + Blog (a) 

Vat Vy B,jlog (=) 
i Ti 

— Pi: 
WwW; = i   

where i, Jj = 1, . . ., n products. 

A major limitation of this approach for estimating demand 

systems is the number of structural parameters required. 

Reference to equation 2.2.2.8 shows that the number of 

unrestricted and unknown structural parameters is (n - 1) (2n 

+ 1). Often the limited data series of usual length and more 

refined product groupings involve serious estimation problems. 

ii) Almost Ideal Demand System 

Recent developments in economics have provided models 

that allow exact aggregation. The Almost Ideal Demand System 

(AIDS) is one such approach to demand estimation that has 

gained widespread acceptance in the economics literature due 

to its exact aggregation property. 

Tt will be useful for the sake of completeness to 

indicate, briefly, the origin of AIDS. It lies in the 

definition of consistent aggregation given in Muellbauer 

(1976) which requires a ‘representative’ level of total 

expenditure, say M,, to exist such that aggregate budget 
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shares Ww; of product i can be written as 

2.2.2.9 

So M,Win (My, P) 
We = ow [MG (My, ©. My, PD) DI 

Mh 
h 

where M, is total household expenditure, p is price vector, h 

denotes household and H is the total number of households 

involved in the aggregation. Extending an earlier result due 

to Gorman (1953), Muellbauer (1976) shows that for 2.2.2.9 to 

hold, budget shares, w,,, of household h must have the 

generalized linear (GL) form 

2.2.2.10 
Ww: (M,,P) = VD, (M,, P) A; (p) + B; (p) + C3, (p) 

where v,, A,, B;, and C, are functions satisfying 

YA, = MC = MC =O, SOB, =1 
i h i i 

Of particular interest is the case where M, is independent of 

prices, depending only on the individual Ms (Ms are the 

individual incomes/expenditures). This occurs if, and only 

if, the Dy, function in 2.2.2.10 restricts to 

Di (X,,P) = {1 - (x,/k,) -a\a"" 

where @ is a constant and k,, although not a function of M,, 

and p are free to vary from household to household. In this 

case, the budget shares are said to have the ‘price 

independent generalized linear’ form (PIGL). 
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A subset of this PIGL class constrains the v, function to 
h 

be independent of prices. The cost function, clu, Dp), 

corresponding to the PIGL form, is derived and shown to take 

the following form (called PIGLOG) as limiting case: 

log{e (u,,p)} = (1-u,) logla(p)} + u,logtb (p) } 

where u, is the utility indicator of household, h, and a(p), 

b{p) are linear, homogeneous, concave functions of price 

vector p. Choosing the following functional forms: 

logla(p)} = a, + $° a;logp; + 1/29° SY yj ,logp;logp;, ~ 4 
vod 

Logtb (p)} = logla(p)} + [TJ p; 

and differentiating the log-cost function with respect to log- 

price, one obtains value shares which involve u. The latter 

is substituted by the use of the cost function to obtain AIDS, 

2.2.2.11 

w, = a, + > y;;logp; + B;log[M/P] 
j 

where a, a., B., Vij [ =(Yi; + Vij )/2] are parameters of the 

system, P is a price index defined by 

logP = a + y> a, logp; + 1/2¥° ¥ y;;logp;logp;, 
i ij 

and the budget constraint implies 

we =i, DB = Se vij = 0. 
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The AIDS is not devoid of its limitations from the 

marketing researcher’s point of view. From the marketers’ 

perspective, original AIDS, as developed by Deaton and 

Muellbauer (1980a, 1980b), does not include any marketing mix 

variables other than price. Also, AIDS has been mainly used 

to estimate demand of broad categories such as ‘food’, 

‘clothing’, ‘housing’, etc. 

The testing of the homogeneity assumption is the primary 

focus of this dissertation. An explanation for the rejection 

of the homogeneity assumption is sought in this study. The 

issue of extending the AIDS model to include marketing mix 

variables in general, and to include advertising in 

particular, which is postulated to help understand apparent 

money illusion is the main focus of next chapter. Discussed 

in the next chapter is a specific means of including 

advertising in the original AIDS in a theoretically consistent 

manner and testing the homogeneity assumption with the 

extended model specification. 

The second issue of determining consumers’ mental 

accounts is also discussed in the next chapter. 
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Chapter 3: Proposed Model 

Demand analysis focusing on the effects of household 

composition and changes in tastes and product quality suggests 

specific ways in which advertising might affect consumer 

behavior. Barten (1964) has proposed a household utility model 

with equivalent adult scales used to deflate the quantities in 

the utility function to amounts per equivalent adults. Fisher 

and Shell (1967) have proposed a similar model to analyze 

taste and quality changes. Muellbauer (1975) and Deaton and 

Muellbauer (1980b) provide further analysis of both models. 

The basic feature of these models is that the quantities 

in the utility function are scaled - either multiplied or 

divided by parameters reflecting exogenous factors. In terms 

of the indirect utility function or cost function, scaling 

leads to a form of interactions between prices and the 

exogenously determined variables. In this dissertation, the 

marketing mix variables associated with a product are 

considered as the exogeneous factors. It is postulated that 

incorporating the marketing mix variables transforms the 

individual’s underlying utility function. Such a 

transformation implies that the exogenous factors (marketing 

mix variables) act as preference changing parameters in the 

underlying utility functions. Changes in the scaling 

parameter are expected to have an impact on consumers’ choice 

in addition to the impact due to the existing determinants of 
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the utility function. The scaling approach is intuitively 

appealing.’ The next section describes the general 

formulation of the scaling approach. An extension of the AIDS 

model, which includes advertising, is then derived which is 

consistent with the neoclassical economic theory. 

Scaling 

Following Muellbauer’s (1975) formulation of modeling 

quality changes in the consumer’s utility function (which is 

also regarded as the scaling approach), the consumer choice 

problem allowing for the impact of advertising can be written 

as 

maximize u = u(q’) 3.1 

subject to pq =M 

where q = (q,", - oe ey q, ) 

q, = bq, 3.2 

p = (p,, » Py) 

Pp, = p,/b, 

b. = b, (a) 

In equation 3.2, b, is the scaling parameter and depends on 

the marketing mix variables; q," is an adjusted quantity, the 

product of the scaling parameter b, and q,;; and Pp; is an 

  

‘An alternative approach based on a_ specification 
suggested by Gorman (1976) and analyzed by Pollak and Wales 
(1981) introduces other variables, such as demographic 
variables or advertising (Chang and Green 1992), through 
overhead costs. Pollak and Wales call such an approach 
"translating". 
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adjusted (or perceived) price, the market price p, divided by 

the scaling parameter b,. 

The demand equations for the choice problem 3.1 have the 

form 

gq; = q,; (p',M) or 

gq, = (1/b,)q;" (p",™) 

and the indirect utility function and cost function for the 

problem have the forms 

u = O(p", M) and 

M = c(p, u) 

respectively. 

Thus, substituting the price variable p in the previously 

identified AIDS model by p’ (= p/b,), we can develop a new 

model called Scaled Almost Ideal Demand System (SAIDS). The 

cost function of SAIDS is given by 

loge = a + Y ajlog (=) + $Y rijlog (4) log ( E) 
i i oj 

+ BolT (S) 

1 J 

where the a’s, $’s, and y's are parameters. Applying 

Sheppard's lemma (w, = dlog c/log p,), the Hicksian demand 

equations for equation 3.3 have the form 

Pj Dy, Bi 
wi =a + Diyitog (=) + ByuBo) T (= j j i i 

[Since dlog c/dlog p, is equivalent to dlog c/dlog (p,/b,)]. 
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Solving equation 3.3 for u and substituting into equation 3.4, 

the corresponding Marshallian demand equations have the form 

3.5 
) 

r
y
l
 

W; = a, + Y yijtog (2) + B.log ( 
j j 

where >; D; D, 

P = @) + So ajlog(—) + 2¥-¥ yijlog (21) log ( 23) b, 242 DB; DB, 

and b., the scaling parameter, is a function of the exogenous 

factors (marketing mix variables). 

Although there are a host of marketing mix variables that 

can alter the consumers’ utility function, advertising is 

believed to have the most impact on their purchase behavior. 

Marketers can have an impact on the choice of a product by 

conveying the positive features of the product in its 

advertisement. The decision to purchase a particular product 

from a group of competing products can be influenced by 

emphasizing the desirable attributes of a product. 

Because the focus of this dissertation is on the 

advertising variable, the scaling parameter b, might be 

limited to a function of a,, the advertising for product i, or 

a, plus advertising for products closely related to product i, 

depending on the extent that advertising between products is 

either complementary or competitive. 

The function b,, in equation 3.5, could be defined in 

general as 

Chapter 3: Proposed Model 69



K 

bit = dio + Do 1lipdine x 
k20 

The subscript t stands for time and allows for the 

introduction of past advertising effects, and the d’s and l’s 

are parameters. For the sake of simplicity, the function b, 

is restricted to include only the current period own 

advertising, that is, b. = a;. Such a formulation of b, not 

only keeps the number of parameters to be estimated low but 

also reduces the complexity involved with increased 

nonlinearity induced due to lagged parameters. Moreover, 

Since the advertising data is available only at the quarterly 

level, it can be argued that the effect of previous periods’ 

advertising is not carried over to the present period. 

For empirical purposes, an error term is added to the 

above specification of SAIDS. Thus the system of demand 

equations is expressed as 

W, = a; + YX. y;j10g (24) + Blog ( ™) + €; 
; aj P 

The error terms for any given commodity are assumed to be 

identically, independently, and normally distributed. That 

is, they are assumed to be uncorrelated over time and have the 

same variances. The error terms, however, are assumed to be 

contemporaneously correlated across equations since the error 

terms for different demand equations in a system at a given 
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point in time are likely to reflect some common factors (Chang 

and Green 1992). 

Hypotheses 

In general, to test for demand being homogeneous of 

degree zero we can impose the restriction & Yij = 9 on the 

unrestricted model and perform a likelihood ratio test. 

Thus for the two models, (i) the AIDS model specified by 

Deaton and Muellbauer (equation 2.2.2.11), and (ii) the AIDS 

model incorporating advertising, SAIDS (equation 3.6), 

developed here, we can impose the same restriction (as shown 

in the previous paragraph) and perform the likelihood ratio 

test to determine whether incorporating advertising has helped 

explain the nonhomogeneity of demand. Specifically, for both 

AIDS and SAIDS, Hj: 2 y,, = 0 
s 

The next hypothesis is an analysis of the existence of 

various mental accounts that consumers might have developed. 

In order to determine whether consumers have developed mental 

accounts for certain products, we will make use of the 

quasi-separability concepts explained in Chapter 2. 

Specifically, equation 2.1.2.6 suggests that the share of a 

product i (W can be derived by multiplying the share of the ci? 

group to which product i belongs (W) with the share of 

product i within its group (W..). This is expressed as 
ri 
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We; = W,W 1 r'ri 

Differentiating 3.7 with respect to the price of j in 

group S (P.,) and holding u constant, the form of the between- 
SJ 

Slutsky term can be derived as follows: 

Yo = OW, _ d*inc dinc, dlnc, 

riSi OP Olnc,..dlnc, dlnp,.° dlnp.,. 
r Ss rj Sj 

Sj 

  

Taking each variable on the right hand side of 3.8 in turn, we 

get 

3.9 
dlnc . d1nw, = We, = Yr5) (gine, Mr 8) atng, 7 Yrs 
dlnc dlinc, 

(442) orap, 7 Mar  Y) grape = May rij Sj 

where y,, is the estimated cross price parameter between groups 

r and s, estimated from an aggregate AIDS as well as SAIDS 

model that has shares W. and W, as dependent variables. This 

result (ii) is derived by specifying an equation for share r 

and taking the derivative with respect to the group price 

index holding the level of utility (or M/P) constant. Hence 

the restriction that is implied by quasi-separability of the 

cost function may be written in terms of known shares and 

estimated parameters as 

3.10 
Yrs; ~ WeiWe Yrs 

In other words, two groups, r and s, may be considered 

separable if the compensated cross price effects between the 
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share of product i in group r and the price of product j in 

group s (s # r ) satisfy restriction 3.10. W W and ¥ 
rif’ sj’ rs! 

may be respectively considered to be the expenditure share of 

each product in group r, the expenditure shares for each 

product within the group s, and the cross price parameter 

between the groups r and s in a more aggregate system of 

demand equations. 

The procedure for implementing this restriction is 

straightforward. For example, an estimate of Y-,; Can be 

obtained by using a two-product demand system to explain the 

shares of group r and group s. A second model is then 

estimated in which individual products’ shares in group r and 

group s are dependent variables. The shares of the individual 

.) are multiplied by 
SJ 

.) and group s (W products in group r (W., 

Y,, tO obtain a set of parametric restrictions that are then 

placed on the cross price terms between each product’s price 

in group r and in group s. A likelihood ratio test is then 

performed to determine if the restrictions are accepted by the 

data. 

Testing 

Given that the errors are correlated across equations, 

Zellner’s (1962) Seemingly Unrelated Regression (SUR) 

estimation procedure is used to test the hypotheses. The 

SYSLIN procedure of SAS/ETS® (1988) is used to perform the 

estimation of the system of SURs. 
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Statistical Issues relating to Estimation and Hypotheses 

Testing 

The AIDS as well as the SAIDS for a particular product i 

can be represented by 

3.11 
yi = xB; + €; 

where y, is a n x 1 vector of observations on the dependent 

variable i 

x, is an xk, matrix of observations on the explanatory 

variables for the product i 

B. is a k, x 1 vector of parameters associated with 

product i 

€. ia an x 1 vector of residuals for product i. 
1 

The t* observation of equation (3.7) is 

_ T 

Vie = XjeBi + Cit 

Estimation of a System of Equations 

A system of equations for the (P + 1) products can be 

represented as; 

            

7 r 1f 1 
Y} Xp. ee ee B, €, 

Y> - Xe... B. E> 

= + 

YP +1 | . ss ts Xp 41 Bp .1| |E pat |     
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Y = XBPp+e 

where Y is a (T*(P + 1)) x 1 vector of observations on the 

dependent variables 

X isa (T*(P + 1)) x (PB + 1) block-diagonal matrix of 

observations on the predictor variables 

B is a (T*(P + 1)) x 1 vector of parameters 

é is a (T*(P + 1)) x 1 vector of disturbance terms. 

The adding-up property implies that the error terms are 

linearly dependent. Thus, the variance-covariance matrix of 

the disturbance terms is Singular. In order to obtain a non- 

Singular matrix the linear dependency among the error terms 

must be removed. The variance-covariance matrix of the error 

terms is made non-singular by deleting one equation from the 

above system of equations. The resulting estimation of the 

coefficients of the system is invariant to which equation is 

deleted. 

Ordinary Least Squares (OLS) is typically utilized fora 

Single sales equation, whereas Zellner’s (1962) method of 

Seemingly Unrelated Regressions (SUR) is often the most 

appropriate estimation procedure for a system of "related" 

sales equations. The equation are related insofar as the sales 

of one item is likely to be obtained at the expense of 

another, the error in an equation describing one brand’s sales 
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may provide some insights about the error in an equation 

describing another brand’s sales. 

When the equations are correctly specified, OLS should 

produce unbiased and consistent estimates. However, SUR should 

yield more efficient estimates of the sales response function 

parameters, i.e., the SUR estimator will have a smaller 

variance. Hence, from a practical standpoint, the primary 

benefit of more efficient estimators is that the researcher 

will obtain smaller confidence intervals for sales response 

function parameters (Bolton 1989). 

Moreover, the demand systems approach offers a consistent 

means to analyze advertising, particularly when advertising 

programs interact; for example, beef advertising may affect 

the demand for other meats and vice versa. 

F-Test 

The F-test is based on the values of the sum of squares 

of the restricted model and the sum of Squares of the 

unrestricted model, each divided by their respective degrees 

of freedom. Let the hypothesis be represented in matrix 

notation as 

LB = c. 

Then the numerator of the F-test is given by 

N = (Lb - c)’ (L(X’X)L’)“'(Lb - c) 

divided by degrees of freedom, where b is the estimate of 6. 

The denominator, say D, is the model mean square error. The 
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degrees of freedom for the numerator is obtained on the basis 

of the number of restrictions placed on the system of 

equations. The degrees of freedom for the denominator is 

obtained from the number of data points in the system of 

equations. If MS,(.) is the values of the mean squares of the 

restricted model under the null hypothesis (H),) and MSE is the 

value of the mean square error of the model, then 

asymptotically H, is rejected at the a-level of significance 

if 

F > F (test) (a, dfi, df2) 
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Chapter 4: Estimation and Results 

A.1l Overview 

This chapter describes the analysis procedures and 

results of this study. The next section describes the 

preparation of the data for analysis. This section is divided 

into two subsections. The first subsection describes the data 

for the product group comprising expenditures on alcohol and 

Cigarettes. The second subsection describes the data for the 

product group comprising expenditures on fruit products. 

Next the statistical model is selected for each of the 

product groups under consideration. In order to test the 

hypotheses pertaining to homogeneity of demand for multiple 

products, the issue of separability among these products 

Should be resolved first. When there are two or more groups 

of products it is necessary that they are separable from each 

other before homogeneity for demand among those product can be 

tested. The third section provides a detailed explanation for 

testing separability using the alcoholic beverages and 

Cigarettes as a broad product grouping. The same argument is 

used for testing separability among the various fruit product 

categories. 

The fourth section, divided into two subsections, 

presents the results of statistical tests to determine which 

product (or product groups) are separable from which other 

products (or product groups) for the broad product groups. 
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The first subsection discusses results from analyzing the 

broad product group alcoholic beverages and cigarettes. The 

results of the homogeneity tests for the alcoholic beverages 

and cigarettes are presented based upon the separability 

analysis. The second subsection discusses results from 

analyzing the broad product group comprised of fruit products. 

The results of the homogeneity tests for the fruit products 

are presented based upon separability analysis. The data used 

in the analysis of fruit products as well in the analysis of 

alcohol and cigarettes are provided in the appendix. 

4.2 Data Preparation 

The level of aggregation to test the hypotheses is at the 

product and the product category level. As discussed in 

chapter 3, the model is presented in terms of budget shares of 

various products as the dependent variable. The independent 

variables are prices and advertising of the products under 

consideration, and expenditures on those products. The 

dependent variable, budget shares (w,), for each product is 

obtained from the yearly survey called Continuing Consumer 

Expenditure Survey (CCES) conducted by the Bureau of Labor 

Statistics. The consumers’ responses to this survey are in 

the public domain and are available on data tapes compiled on 

a yearly basis by the Economic Research wing of the Bureau of 

Labor Statistics. The CCES is available from the year 1982 

through 1990. This survey includes data on individual 
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consumers’ expenditures on various products as well as their 

incomes and other demographic characteristics. The 

advertising data on the various products is obtained from a 

publication titled Class/Brand $ published by Leading National 

Advertisers. The Class/Brand $ publication offers data for 

the advertising expenditures on each product in several 

different media. This data set is compiled quarterly and a 

year-end issue is published with the annual data on dollar 

amounts spent on each product. The data on the price variable 

is obtained from the Consumer Price Index (CPI) statistics 

compiled by the Bureau of Labor Statistics. For the purposes 

of testing the hypotheses developed in Chapter 3, two 

different product groups were selected. They are (1) Alcoholic 

Beverages and Cigarettes, and (ii) Fruit Products. These two 

data sets were selected because they both offered a natural 

grouping of products needed to test the hypotheses discussed 

in Chapter 3. An additional benifit of studying the Alcoholic 

Beverages and Cigarettes category is its public policy 

implications. Lastly, the selection of these two data sets 

was governed by their easy of availability. A detailed 

description of data for these two groups is described in the 

next two subsections. . 

4.2.1 Alcoholic beverages and cigarettes data 

One product group included consumers’ expenditures on 

Cigarettes and home consumption of alcoholic beverages. The 
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expenditures on alcoholic beverages were segregated into 

expenditures on beer, liquor, and wine. Such a break-up of 

expenditures on individual alcoholic beverages facilitates 

tests of separability between alcoholic beverages and 

cigarettes. 

4.2.2 Fruit products data 

The other product group selected for the analysis was the 

fruit products group. The expenditure on fruit products is 

divided into four broad categories: fresh fruits, canned and 

dried fruits, fresh fruit juice, and frozen fruits and juices. 

The expenditure on fresh fruits is further divided into four 

specific fruits (based on data availability): apples, bananas, 

oranges, and other fruits. For some analyses, the canned 

fruit and fruit juice categories are combined to form one 

category named processed fruits. Please refer to Figure 1 for 

a pictorial representation of the grouping of fruit products. 

The price indices that are available are consistent with the 

above categorizations of fruit products. That is, there are 

separate price indices for apples, bananas, oranges, other 

fruits, fresh fruits, canned fruits, fruit juice, processed 

fruit, and frozen fruit. The availability of data in the 

above format facilitates tests of separability among various 

different combinations of fruit products. 
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Total Expenditure 

rc 

Non-Fruit Products 
| 

Fruit Products 

  

  

| | | + | | || ! | 
Apples Bananas Oranges Other Canned Fruit Frozen 

Fruit Fruit Juice Fruit 

| 1 

FRESH FRUIT PROCESSED 
FRUIT 

Figure 1: 
Pictorial representation of the grouping of fruit products. 

Chapter 4: Estimation and Results 82



4.3 Procedure to Establish Separability 

To perform tests of separability between different groups 

of products, the argument presented in chapter 3 is restated. 

Two groups, r and s, are considered separable if the cross- 

price effects between the share of product i in group r and 

the price of good j in group s (s # r) satisfy 

Yris; WeiWs Yrs 

where W., is the expenditure share of each product within the 

group r, W,, is the expenditure share of each product within 

the group s, and y,, is the cross price parameter between the 

groups r and s in a more aggregate system of demand equations. 

For example, for the broad product group consisting of 

Cigarettes and alcoholic beverages, the separability test was 

performed to determine if cigarettes were separable from 

alcoholic beverages. For this broad group, W. is the share 

of each specific type of alcoholic beverage expenditure, Wei 

is equal to 1 since aggregated cigarettes group is used, and 

Y,, iS the cross-price parameter between the alcoholic 

beverages and cigarette expenditures in a more aggregate AIDS 

model. Thus the restriction in equation 4.1 is reduced to 

4.2 
Yris ~ Wri¥rs 

The procedure for performing this test is as follows. An 

estimate of y,, was obtained by using a two-group AIDS model 

to explain the shares of cigarettes and alcoholic beverages. 
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A second model was then estimated in which individual 

alcoholic beverages shares and cigarette shares were dependent 

variables. The average shares of the individual types of 

alcoholic beverages were multiplied by y,, to obtain a set of 

parametric restrictions that were then placed on the cross- 

price terms between each alcoholic beverage type price and 

Cigarette price. An F-test was then performed to determine if 

the restrictions were accepted by the data. 

An iterative seemingly unrelated regression procedure was 

used for estimating the coefficients of the system of demand 

equations. SAS’'s PROC SYSLIN performs an F test for joint 

hypotheses to test separability between groups of products. 

The test is performed by specifying the relevant products to 

be tested in the STEST statement in the PROC SYSLIN procedure. 

The null hypothesis is equation 4.1 above. Acceptance of the 

null hypothesis implies that the products/product groups being 

tested are separable from each other. Rejection of the null 

hypothesis implies that the products/product groups under 

consideration cannot be regarded as separable from each other. 

The above procedure is also used to test the fruit products. 

4.4 Results 

In the next two subsections, results of the tests for 

separability between various products/product groups on the 

two data sets is presented. For the two data sets, Alcoholic 

beverages/cigarettes and fruit products, both AIDS and SAIDS 
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models were used to fit the data. The specific models 

developed to test the homogeneity of demand for products 

included in both the data sets are provided in the appendix. 

The results from the alcohol beverages/cigarettes data are 

presented first followed by the results from the fruit 

products data. 

4.4.1 Alcoholic Beverages and Cigarettes 

As a first step in testing homogeneity of demand for the 

individual alcoholic beverages products, it is assumed that 

the alcoholic beverages product group is separable from all 

other products. The expenditures on the alcoholic beverages 

product group is assumed to be unaffected by changes in the 

price of all other products in the consumers’ budgeted 

expenditures. This amounts to including only the three types 

of alcoholic beverages in the demand system. The homogeneity 

results and the coefficients for this analysis are presented 

next. 
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For both AIDS and SAIDS, 

  

  

  

  

Ho? Ybeer,beer + Ybeer,tior * Ybeer,wine = 

Ho? Ytigr,beer + Ytigr,tiqr + Ytigr,wine = © 

Ho: Yuine,beer + Ywine,tiqr + Ywine,wine = 

AIDS SAIDS 

Product / d.f. F p F p 
Product group value value value value 

BEER 1,62 2.348 0.130 0.015 0.902 

LIQUOR 1,62 0.009 0.921 2.393 0.127 

WINE 1,62 5.919 0.017 3.859 0.054         
Result 

Under AIDS, only demand for wine was found to be not 

homogeneous. However, at a strict @ = 0.05 level, the demand 

for all three was found to be homogeneous under SAIDS. 
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Table AP1: 

TABLE OF PARAMETER ESTIMATES FOR BEER, LIQUOR, AND WINE 

  

  

  

  

  
  

    

AIDS SAIDS 

Product / Param. Pp Param. p 
Product group Est. value Est. value 

BEER 
Intercept 2.0215 0.0638 0.4476 0.0001 

Beer 0.7217 0.0455 -0.0815 0.0564 

Liquor -0.3920 0.3167 0.0922 0.0055 
Wine -0.6856 0.1087 -0.0052 0.7695 
Expenditure -0.1575 0.0058 -0.0306 0.4611 

LIQUOR 

Intercept 0.3668 0.6214 0.3191 0.0001 
Beer -0.7703 0.0033 0.0846 0.0167 

Liquor 0.2643 0.3341 -0.0237 0.3522 

Wine 0.4898 0.1015 -0.0054 0.7052 

Expenditure 0.0583 0.1269 0.0571 0.0981 

WINE 

Intercept -1.3883 0.0538 0.2332 0.0001 
Beer 0.0485 0.8328 -0.0031 0.9156 

Liquor 0.1277 0.6181 -0.0685 0.0036 
Wine 0.1957 0.4793 0.0106 0.3954 
Expenditure 0.0993 0.0079 -0.0264 0.3691 
  

From the above table it can be seen that under AIDS the signs 

for the own-price coefficients of all three products is 

contrary to expectations, whereas under SAIDS the sign of the 

own-price coefficients of BEER and LIQUOR is as expected 

(negative). Further, the own-price coefficient is significant 

for BEER under both AIDS and SAIDS, whereas those of LIQUOR 

and WINE are nonsignificant. 
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The analysis so far was performed under the condition of 

separability of alcoholic beverages from all other products. 

However, it is interesting to check for homogeneity of demand 

for alcoholic beverages by relaxing the assumption of its 

separability from all other products. To accomplish this 

goal, cigarettes, a different but closely related product was 

included in the system of demand equations developed to test 

homogeneity of demand. The inclusion of cigarettes, however, 

warrants testing the assumption of separability (or lack 

thereof) between alcoholic beverages and cigarettes before 

proceeding with the homogeneity tests. 

For the alcohol beverages and cigarette data, tests were 

performed to determine if alcoholic beverages were separable 

from cigarettes at the group level. That is, a total of three 

restrictions was imposed on the system of equations. The 

system included three equations. The dependent variable for 

each of the three equations is expenditure share for beer, 

expenditure for liquor, and expenditure for wine. The 

explanatory variables for each equation are price of beer, 

price of liquor, price of wine, price of cigarettes, and real 

group expenditure on alcoholic beverages and cigarettes. In 

practice, restrictions were placed on the coefficient for 

Cigarettes price in all three equations. Thus, separability 

between cigarettes and alcoholic beverages was tested at the 

group level. In addition to testing the separability at the 
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group level, separability was tested between cigarettes and 

each type of alcoholic beverage. The results are as follows. 
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SEPARABILITY BETWEEN ALCOHOLIC BEVERAGES AS A GROUP 
AND 

CIGARETTES 

H,: Alcoholic beverages as a group is separable from 
Cigarettes. 

  

  

    

  

    
  

AIDS SAIDS 

Product / d.f. F p F p 
Product group value value value value 

ALCOHOLIC 3,122 3.114 0.028 4.670 0.004 

BEVERAGES VS. 

CIGARETTES 

Result 

Alcoholic beverages as a group is not separable from 

cigarettes under both AIDS and SAIDS.® 

  

8All three types of alcoholic beverages were found to be 
not separable from cigarettes under AIDS. However, under 
SAIDS, only liquor was found to be not separable from 
Cigarettes. Beer and wine were found to be separable from 
Cigarettes when individual separability tests were run under 
SAIDS. 
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The above results indicate the number of products 

(eguations) to be included in the system for performing 

homogeneity tests. Since separability between cigarettes and 

alcoholic beverages is not established at the group level, two 

sets of homogeneity tests are performed: (1) homogeneity is 

tested between alcoholic beverages as a group and Cigarettes, 

and (2) homogeneity is tested for individual products that are 

included in the overall group of alcoholic beverages and 

cigarettes. 

The system of equations for testing homogeneity between 

cigarettes and alcoholic beverages includes two equations. 

The dependent variables of these two equations are the 

expenditure shares of cigarettes and alcoholic beverages as a 

group respectively. The explanatory variables are price of 

cigarettes, price of alcoholic beverages a group, and total 

expenditure on cigarettes and alcoholic beverages. 

The system of equations for testing homogeneity between 

all products that comprise cigarettes and alcoholic beverages 

includes four equations. The dependent variables of these 

four equations are the expenditure shares of beer, liquor, 

wine, and cigarettes respectively. The explanatory variables 

are price of beer, price of liquor, price of wine, price of 

Cigarettes, and total expenditure on cigarettes and alcoholic 

beverages. 

The results of (1) the test of homogeneity of demand 
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among cigarette and alcoholic beverages as group, and (2) the 

test of homogeneity of demand among individual products that 

comprise the broad category, are presented next. Each set of 

homogeneity tests is followed by a table of estimates of 

parameters of the respective preceding models. 
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For both AIDS and SAIDS, 

H = 0 
0° Yalc,ale + Yale,cig 

  

AIDS SAIDS 
  

Product / d.f. F p F p 
Product group value value value value 

— 
  a 

ALCOHOLIC 1,32 7.292 0.011 1.235 0.275 

BEVERAGES and 

CIGARETTES       

Result 

Homogeneity was rejected at group level under AIDS but was 

accepted at group level under SAIDS. 
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Table AP2: 
TABLE OF PARAMETER ESTIMATES FOR ALCOHOLIC BEVERAGES AS A 
GROUP AND CIGARETTES 

  

  

  
    

  

  

AIDS SAIDS 

Product / Param. p Param. p 
Product group Est. value Est. _ value 

ALCOHOLIC BEVERAGES | 

Intercept -3.4523 0.0264 0.3896 0.1079 

Alc. bev. 1.2095 0.0115 -0.0266 0.2384 

Cigarettes -0.3375 0.0183 -0.0173 0.5534 
Expenditure 0.3086 0.0001 0.1991 0.0010 

CIGARETTES 
Intercept 4.4523 0.0052 0.6103 0.0143 

Alc. bev. -1.2095 0.0115 0.0266 0.2384 

Cigarettes 0.3375 0.0183 0.0173 0.5534 
Expenditure -0.3086 0.0001 -0.1991 0.0010 
    
From the above table it is seen that under AIDS the sign for 

the own-price coefficients for the ALCOHOLIC BEVERAGES group 

is contrary to expectations, whereas under SAIDS the sign of 

the own-price coefficients of ALCOHOLIC BEVERAGES is as 

expected (negative). Furthermore, under SAIDS, the 

EXPENDITURE variable has a significant impact on the 

consumption of ALCOHOLIC BEVERAGES and CIGARETTES. 

Specifically, as the expenditure on ALCOHOLIC BEVERAGES and 

CIGARETTES as a group increases, a larger proportion is spent 

on consuming ALCOHOLIC BEVERAGES. 
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For both AIDS and SAIDS, 

  

  

  
  

  

  

  

  

Hot Ybeer,beer + Ybeer,tiqr + Ybeer,wine * Ybeer,cigs = ° 

Ho? Yiigr,beer + Ytigr,tiqr * Ytigr,wine * Yiigr,cigs = 9 

Ho? Ywine,beer * Ywine,tiqr + Ywine,wine + Ywine,cigs = © 

Ho? Yeigs,beer + Yeigs,tiar + Yecigs,wine + Yeigs,cigs = 9 

AIDS SAIDS 

Product / d.f. F p F p 
Product group value value value value 

BEER 1,90 11.952 0.001 0.229 0.632 

LIQUOR 1,90 1.950 0.166 2.659 0.106 

WINE 1,90 0.239 0.626 0.010 0.919 

CIGARETTES 1,90 2.021 0.158 1.882 0.173           

Result 

When the demand system including beer, liquor, wine, and 

cigarettes was estimated, homogeneity for beer was rejected 

under AIDS. However, homogeneity of demand for beer was 

accepted under SAIDS. The demand for the other three products 

was homogeneous under both AIDS and SAIDS. 
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Table AP3: 

TABLE OF PARAMETER ESTIMATES FOR BEER, LIQUOR, WINE, AND 

CIGARETTES 

  
  

  

  
  

  

  

      

AIDS SAIDS 

Product / Param. Pp Param. p 
Product group Est. value Est. value 

———————— SS) OOOO eaoaoEoaeaIEeEeEeEeEeEeEeEeEOEOEOEOEEEOEeeeeeeeeeeeeEeeeeeeeeeeeeeEeEeeeeeeeeee 

BEER 
Intercept -5.2753 0.0026 0.2431 0.2105 

Beer 1.7613 0.0003 -0.0470 9.0491 
Liguor 0.0294 0.8616 0.0292 0.0482 
Wine 0.0557 0.7672 0.0024 0.7904 

Cigarettes -0.6421 0.0004 -0.0026 0.9127 
Expenditure 0.0601 0.1223 0.1098 0.0189 

LIQUOR 
Intercept 2.0026 0.1424 -0.2237 0.1580 

Beer -1.0959 0.0046 0.0165 0.3816 
Liquor 0.2153 0.1305 -0.0254 0.0352 

Wine 0.2286 0.1500 0.0054 0.4708 

Cigarettes 0.2487 0.0693 -0.0462 0.0220 
Expenditure 0.1091 0.0015 0.0032 0.9289 

WINE 

Intercept 0.8389 0.5557 0.3622 0.0148 
Beer -0.5919 0.1284 0.0098 0.5635 
Liquor - 0.1776 0.2355 -0.0362 0.0016 

Wine 0.0524 0.7511 0.0013 0.8479 
Cigarettes 0.2123 0.1395 0.0278 0.1183 

Expenditure 0.1444 0.0001 0.0722 0.0345 

CIGARETTE 
Intercept 3.4337 0.1141 0.6183 0.0151 
Beer -0.0734 0.8978 0.0205 0.4820 

Liquor -0.4223 0.0643 0.0325 0.0791 

Wine -0.3368 0.1804 -0.0092 0.4322 
Cigarettes 0.1810 0.3947 0.0209 0.4863 
Expenditure -0.3137 0.0001 -0.1854 0.0024 
  

The above table suggests that inclusion of advertising 

variable in the demand system restores the signs of the 

coefficients in the expected direction two out of the four 

products included in the demand system. Specifically, under 
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SAIDS, BEER and LIQUOR consumption decreases as the price of 

these products increases, even though the price variable is 

adjusted to incorporate the effects of advertising. In other 

words, advertising these two products does not does eliminate 

the negative impact of price increases. Other substantive 

implications that may be derived from table AP3 are: 

(a) As expenditure on the four products included in the demand 

system increases, less money is spent on cigarettes. The 

increase in the expenditure on the alcoholic beverages and 

cigarettes is shared by increased consumption of beer and 

wine. 

(b) As the price of liquor increases, so does the consumption 

of cigarettes. Additionally, the increase in the price of 

liquor has a negative impact on the sales of liquor, but helps 

the sales of beer. 
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Table AH1: 

SUMMARY OF HOMOGENEITY RESULTS (AT GROUP LEVEL) ? 

Product / AIDS SAIDS 
Product group 

ALCOHOLIC Rejected Accepted 
BEVERAGES and 

CIGARETTES 

  

Table AH2: 
SUMMARY OF HOMOGENEITY RESULTS (OF INDIVIDUAL PRODUCTS) 

(1) Three alcoholic beverages 

Products AIDS SAIDS 

BEER Accepted Accepted 

LIQUOR Accepted Accepted 

WINE Rejected Accepted 

  

(ii) Three alcoholic beverages and cigarettes 

Products AIDS SAIDS 

BEER Rejected Accepted 

LIQUOR Accepted Accepted 

WINE Accepted Accepted 

CIGARETTES Accepted Accepted 

  

  

9Homogeneity was tested only for groups that were found 
to be separable. 
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4.4.2 Fruit Products 

The broad grouping of fruit products consists of several 

individual fruit products. They are apples, bananas, oranges, 

other fruit, canned fruit, fruit juice, and frozen fruit. Out 

of these seven individual fruit products, some of them can be 

combined to form natural categories. These natural categories 

are used to analyze separability between various fruit 

products. The natural categories, as shown in Figure 1, are 

formed as follows: 

1) Fresh fruit includes apples, bananas, oranges, other 

fruit. 

2) Processed fruit includes canned fruit and fruit juice. 

3) Frozen fruit. 

These natural categories are used to perform various 

tests to establish separability between them. The specific 

product groupings tested for separability are as follows. 

1) Fresh fruits and canned fruit. 

2) Fresh fruits and fruit juice. 

3) Fresh fruits and frozen fruit. 

4) Processed fruits and frozen fruit. 

5) Fresh fruits (as one group) and processed fruits. 

6) Fresh fruits and processed fruits. 

The following pages furnish the results of the separability 

tests followed by the homogeneity of demand tests for each of 

the above six groupings. The products to be included in the 
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system of demand equations are determined from the results of 

the separability results. (The overall results of the 

separability tests are pictorially represented in Chapter 5. 

AIDS results are summarized in Figure 2, and SAIDS results are 

Figure 3.) 
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SEPARABILITY BETWEEN FRESH FRUITS AND CANNED FRUIT 

  

  

  

    
    

H): Fresh fruits as a group are separable from canned fruit. 

AIDS SAIDS 

Product / d.f. F p F p 
Product group value value value value 

FRESH FRUIT vs. 4,148 1.306 0.270 1.719 0.148 
CANNED FRUIT   
  

Result 

Fresh fruits as a group is separable from canned fruit under 

both AIDS and SAIDS"®, 

  

rach individual fresh fruit product is also separable 
from canned fruit. 
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HOMOGENEITY BETWEEN FRESH FRUITS ONLY 

(Since fresh fruit is separable from canned fruit) 

Thus, for both AIDS and SAIDS, 

  
  

  

  

    
  

          

Ho? Yappt,appt + Yappt,bana + Yappt,orng + Yappt,othr = 2 

Ho! Ybana,appt + Ybana,bana + Ybana,orng + Ybana,othr = 9 

Ho? Yorng,appt * Yorng,bana * Yorng,orng + Yorng,othr = © 

Ho? Yothr,appt + Yothr,bana + Yothr,orng + Yothr,othr = % 

AIDS SAIDS 

Product / d.f. F p F p 
Product group value value value value 

APPLES 1,90 41.142 0.001 0.291 0.590 

BANANAS 1,90 7.706 0.006 0.001 0.988 

ORANGES 1,90 49.507 0.001 0.574 0.450 

OTHER FRUIT 1,90 40.249 0.001 0.296 0.590 

CANNED FRUIT Not Applicable Not Applicable 

Result 

The demand for apples, bananas, oranges, and other fruit is 

not homogeneous under AIDS. By incorporating the advertising 

variable in the demand system, the homogeneity of demand is 

restored for all four fresh fruit products. 
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Table FP1: 

TABLE OF PARAMETER ESTIMATES FOR INDIVIDUAL FRESH FRUITS 

  

  

  

  

  

      

AIDS SAIDS 

Product / Param. p Param. p 
Product group Est. value Est. value 
8000S] 

APPLES 

Intercept 1.705 0.0001 0.198 0.0001 
Apple -0.201 0.0006 -0.008 0.0600 
Banana -0.266 0.0007 -0.000 0.9982 

Orange -0.103 0.0214 0.002 0.6738 

Other 0.229 0.0111 -~0.003 0.7689 
Expenditure -0.037 0.1589 0.011 0.5924 

BANANA 

Intercept 0.616 0.0004 0.173 0.0001 
Apple -0.134 0.0007 -0.003 0.1334 
Banana -0.038 0.4290 0.000 Q.7690 
Orange -0.044 Q.1360 0.001 0.6201 

Other 0.116 0.0522 0.001 0.8101 

Expenditure -0.015 0.4066 -0.005 0.6390 

ORANGE 

Intercept 1.666 0.0001 0.129 0.0120 
Apple -0.232 0.0001 -0.009 0.0454 

Banana -0.172 0.0137 0.001 0.6364 
Orange -0.154 0.0006 -0.002 0.6737 
Other 0.207 0.0141 -0.004 0.7474 
Expenditure -0.049 0.0544 0.019 0.4136 

OTHER FRUIT 

Intercept -2.987 0.0001 0.498 0.0001 
Apple 0.567 0.0001 0.021 0.0496 
Banana 0.476 0.0070 -0.002 0.7871 
Orange 0.301 0.0052 -0.001 0.9192 
Other -0.553 0.0093 0.006 0.8379 
Expenditure 0.101 0.1078 -0.025 0.6407 
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SEPARABILITY BETWEEN FRESH FRUITS AND FRUIT JUICE 

  

  

  
  

H,: Fresh fruits as a group are separable from fruit juice. 

AIDS SAIDS 

Product / d.f. F p F p 
Product group value value value value 

FRESH FRUIT vs. 4,148 2.989 0.020 2.918 0.023 
FRUIT JUICE         

Result 

Fresh fruits as a group is not separable from fruit juice 

under both AIDS and SAIDS"'. 

  

“Rach individual fresh fruit product is also not 
separable from fruit juice. 
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HOMOGENEITY BETWEEN FRESH FRUITS AND FRUIT JUICE 

(AT GROUP LEVEL) 

For both AIDS and SAIDS, 

H = 0 
0° Y fresh fruit,fresh fruit + Y tresh fruit,fruit juice 

AIDS SAIDS 

Product / .£. F p F p 
Product group value value value value 

FRESH FRUIT and 1,32 1.836 0.185 1.252 0.618 
FRUIT JUICE 

  

Result 

The demand for Fresh Fruits (as a group) and Fruit juice is 

homogeneous under AIDS as well as under SAIDS. 

Chapter 4: Estimation and Results 105



Table FP2: 

TABLE OF PARAMETER ESTIMATES FOR FRESH FRUITS AS A GROUP AND 

FRUIT JUICE 

  

  

  

    

    

AIDS SAIDS 

Product / Param. p Param. p 
Product group Est. value Est. value 

FRESH FRUIT 

Intercept 1.1653 0.0001 0.8418 0.0001 
Fresh Fruit 0.2522 0.0009 -0.0063 0.5182 
Fruit Juice -0.3204 0.0021 0.0113 0.0017 
Expenditure 0.1175 0.0001 0.0923 0.0001 

FRUIT JUICE 
Intercept -0.1653 0.4649 0.1582 0.0001 

Fresh Fruit -0.2522 0.0009 0.0063 0.5182 
Fruit Juice 0.3204 0.0021 -0.0113 0.0017 

Expenditure -0.1175 0.0001 -0.0923 0.0001 
  

The above table indicates that under AIDS the signs of the 

Own-price and cross-price coefficients are contrary to 

expectations. That is, the results from fitting the AIDS model 

suggest that as the price of Fresh Fruit and Fruit Juice goes 

up the expenditure on them goes up respectively. However, 

under SAIDS, we get more meaningful results. The signs of the 

own- and cross-price coefficients are as expected (though the 

Fresh Fruit coefficient is nonsignificant.) 
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HOMOGENEITY BETWEEN FRESH FRUITS AND FRUIT JUICE 

(AT INDIVIDUAL LEVEL) 

For both AIDS and SAIDS, 

  
  

  

  

    

  

  

  

            

Ho: Yappt,appt + Yappi,bana + Yappt,orng + Yappt,othr * Yappt,fruit juice = 

Ho: Ybana,appt * Ybana,bana * Ybana,orng + Ybana,othr + Ybana,fruit juice = 

Ho? Yorng,appt + Yorng,bana + Yorng,orng + Yorng,othr + Yorng,fruit juice = © 

Ho? Yothr,appt + Yothr,bana * Yorng,othr + Yothr,othr * Yothr,fruit juice = 

Ho: Yéruit juice,appt + YVfruit juice,bana + Yéruit juice,orng 

+ Yéruit juice,othr + Yeruit juice,fruit juice = 9 

AIDS SATIDS 

Product / d.f. F p F p 
Product group value value value value 

APPLES 1,116 8.781 0.003 3.404 0.067 

BANANAS 1,116 0.006 90.935 1.383 0.242 

ORANGES 1,116 9.013 0.003 4.806 0.030 

OTHER FRUIT 1,116 4.447 0.037 | 5.679 0.018 

FRUIT 1,116 0.016 0.898 4.492 0.036 

JUICE 

Result 

Incorporating the advertising variable in the system of demand 

equations for the four Fresh Fruits and Fruit Juice did not 

have much impact. The homogeneity of demand was restored only 

for APPLES at strict a = 0.05 level. Additionally, adjusting 

the price of Fruit Juice resulted in the rejection of the 

homogeneity of demand for Fruit Juice. 
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Table FP3: 

TABLE OF PARAMETER ESTIMATES FOR INDIVIDUAL FRESH FRUITS AND 

FRUIT JUICE 

  

  

  
  
  

  

  

      

AIDS SAIDS 

Product / Param. p Param. p 
Product group Est. value Est. value 

Y 
APPLES 

Intercept 0.753 0.0014 0.111 0.0007 

Apple -0.112 0.0017 -0.003 0.2017 
Banana -0.183 0.0002 -0.001 0.5996 
Orange -0.088 0.0030 -0.002 0.4180 
Other 0.056 0.3781 0.001 0.9178 
Juice 0.188 0.0356 -~-0.013 0.0041 
Expenditure -0.022 0.2513 0.022 0.1330 

BANANA 

Intercept 0.115 0.4073 0.119 0.0001 
Apple -0.066 0.0034 -0.001 0.3647 
Banana -0.024 0.3775 -0.001 0.8055 
Orange -0.042 0.0221 -0.001 0.5031 
Other 0.003 0.9278 0.003 0.4128 
Juice 0.132 0.0220 -0.006 0.0046 
Expenditure -0.000 0.9451 0.009 0.2048 

ORANGE 
Intercept 0.637 0.0027 0.046 0.1550 
Apple -0.141 0.0001 -0.004 0.1633 
Banana -0.131 0.0021 0.001 0.9792 
Orange -0.132 0.0001 -0.006 0.0714 
Other 0.033 0.5677 0.001 0.9345 
Juice 0.243 0.0038 -0.015 0.0024 
Expenditure -0.037 0.0381 0.022 0.1668 

OTHER FRUIT 
Intercept -0.713 0.2355 0.603 0.0001 
Apple 0.427 0.0001 0.006 0.3427 
Banana 0.443 0.0008 0.001 0.7743 
Orange 0.310 0.0003 0.015 0.1102 
Other -0.118 0.5000 -0.002 0.9262 
Juice -0.789 0.0022 0.050 0.0003 
Expenditure 0.156 0.0055 0.031 0.4452 
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Table FP3 (continued): 
TABLE OF PARAMETER ESTIMATES FOR INDIVIDUAL FRESH FRUITS AND 

FRUIT JUICE 
  

  

  

] 

AIDS SAIDS 

Product / Param. p Param. p 
Product group Est. value Est. value 

FRUIT JUICE 

Intercept 0.206 0.4456 0.118 0.0001 
Apple -0.107 0.0129 0.001 0.5208 
Banana -0.104 0.0610 -0.001 0.8362 
Orange ~0.046 0.1863 -0.005 0.1166 

Other 0.025 0.7514 -0.002 0.6956 

Juice 0.225 0.0431 -0.014 0.0010 
Expenditure -0.095 0.0003 -0.086 0.0001       
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SEPARABILITY BETWEEN FRESH FRUITS & FROZEN FRUIT 

  

  

    

H,: Fresh fruits as a group are separable from frozen fruit. 

AIDS SAIDS 

Product / d.f. F p F p 
Product group value value value value 

FRESH FRUIT vs. 4,148 4.060 0.003 1.316 0.266 
FROZEN FRUIT     
  

Result 

While fresh fruits as a group is not separable from frozen 

fruit under AIDS," they are separable under SAIDS". 

  

Except for apples, individual fresh fruits are not 
separable from frozen fruit under AIDS. 

each individual fresh fruit product is also separable 
form frozen fruit under SAIDS. 
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HOMOGENEITY BETWEEN FRESH FRUITS AND FROZEN FRUIT 

(AT GROUP LEVEL) 

For both AIDS and SAIDS, 

Hy? Y fresh fruit,fresh fruit + Yeresh fruit,frozen fruit — 

AIDS SAIDS 

Product/ .f. F p F p 
Product group value value value value 

FRESH FRUIT and 1,32 0.003 0.952 Not Applicable™ 
FROZEN FRUIT 

  

Result 

The demand for Fresh Fruits and Frozen Fruits is not 

homogeneous under AIDS. 

  

“romogeneity of demand among the fresh fruit group and 
frozen fruit is not tested because they are separable under 
SAIDS. 
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Table FP4: 

TABLE OF PARAMETER ESTIMATES FOR FRESH FRUITS AS A GROUP AND 

FROZEN FRUIT 

  

  

  

    
    

AIDS SAIDS 

Product / Param. p Param. p 
Product group Est. value Est. value 

FRESH FRUIT 

Intercept 0.9011 0.0001 Not Applicable™ 
Fresh fruit 0.2615 0.0001 
Frozen fruit -0.2593 0.0002 
Expenditure 0.0673 0.0003 

FROZEN FRUIT 

Intercept 0.0989 0.5305 

Fresh fruit -0.2615 0.0001 
Frozen fruit 0.2593 0.0002 
Expenditure -0.0673 0.0003 
  

  

coefficients for fresh fruit group and frozen fruit are 
not estimated because fresh fruit group and frozen fruit are 
separable under SAIDS. 

Chapter 4: Estimation and Results 112



HOMOGENEITY BETWEEN FRESH FRUITS AND FROZEN FRUIT 

(AT INDIVIDUAL LEVEL) 

  

  

  
  

  

  

  

  

For AIDS, 

Ho? Yappt,appt + Yappt,bana * Yappt,orng + Yappt,othr + Yappt,frozen fruit = 9 

Ho? Ybana,appt + Ybana,bana + Ybana,orng * Ybana,othr + Ybana,frozen fruit = 9 

Ho: Y orng, appl + Y orng, bana + Y orng, orng + Y orng, othr + Y orng, frozen fruit ~ 0 

Ho: Yothr,appt + Yothr,bana + Yothr,orng + Yothr,othr + Yothr,frozen fruit = © 

Ho? Y¢rozen juice,appt * Yfrozen fruit,bana + Y¢rozen fruit,orng + 

Yérozen fruit,othr + Yérozen fruit, frozen fruit = 0 

AIDS SAIDS 

Product / d.f. F p F p 
Product group value value value value 

APPLES 1,116 21.855 0.001 Not Applicable" 

BANANAS 1,116 0.908 0.342 

ORANGES 1,116 27.709 Q.001 

OTHER FRUIT 1,116 17.732 0.037 

FROZEN 1,116 0.425 0.515 

FRUIT       

  

‘Homogeneity of demand is not tested between fresh fruits 
and frozen fruit because fresh fruits and frozen fruit were 
found to be separable under SAIDS 
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Table FP5: 
TABLE OF PARAMETER ESTIMATES FOR INDIVIDUAL FRESH FRUITS AND 
FROZEN FRUIT 

  
  

  

  
    

  

  

      

AIDS SAIDS 

Product / Param. p Param. p 
Product group Est. value Est. value 

APPLES 

Intercept 1.1001 0.0001 Not Applicable’’ 
Apple -0.1405 0.0013 
Banana -0.2126 0.0003 
Orange -0.0963 0.0063 
Other 0.0924 0.2368 

Frozen 0.1395 0.0718 
Expenditure -0.0452 0.0553 

BANANA 

Intercept 0.2501 0.0763 
Apple -0.0866 0.0021 
Banana -0.0242 0.4760 
Orange -0.0431 0.0508 
Other 0.0122 0.8059 
Frozen 0.1129 0.0266 
Expenditure -0.0226 0.1324 

ORANGE 

Intercept 0.9556 0.0001 
Apple ~0.1655 0.0001 
Banana -0.1481 0.0017 
Orange -0.1538 0.0001 

Other 0.0440 0.4927 
Frozen 0.2206 0.0013 
Expenditure -0.0625 0.0023 

OTHER FRUIT 
Intercept -1.5459 0.0052 
Apple 0.4553 0.0001 
Banana 0.4750 0.0007 
Orange 0.3752 0.0001 

Other -0.1279 0.4976 

Frozen -0.7007 0.0006 
Expenditure 0.1783 0.0030 
  

  

’coefficients for individual fresh fruits and frozen 
fruit are not estimated because individual fresh fruits and 

frozen fruit are separable under SAIDS. 
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Table FPS (continued): 

TABLE OF PARAMETER ESTIMATES FOR INDIVIDUAL FRESH FRUITS AND 

FROZEN FRUIT 

  

  

  
    

    

AIDS SAIDS 

Product / Param. p Param. p 
Product group Est. value Est. value 

FROZEN FRUIT Not Applicable’’ 

Intercept 0.2398 0.2234 

Apple -0.0627 0.0945 
Banana -0.0900 0.0680 
Orange -0.0819 0.0105 
Other -0.0207 0.7689 

Frozen 0.2276 0.0024 
Expenditure -0.0478 0.0283 
  

  

Beoefficients for individual fresh fruits and frozen 

fruit are not estimated because individual fresh fruits and 

frozen fruit are separable under SAIDS. 
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SEPARABILITY BETWEEN PROCESSED FRUITS AND FROZEN FRUIT 

H,: Processed fruits as a group is separable from frozen 
fruit. 

AIDS SAIDS 

Product / .£. F p F p 
Product group value value value value 

PROCESSED vs. 2,94 4.647 0.012 0.297 0.743 
FROZEN FRUIT 

  

Result 

While processed fruits as a group is not separable from frozen 

fruit under AIDS'’, it is separable from frozen fruit under 

SAIDS*°, 

  

Each individual processed fruit is separable from frozen 
fruit. 

Onach individual processed fruit is separable from frozen 
fruit. 
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HOMOGENEITY BETWEEN PROCESSED FRUITS AND FROZEN FRUIT 
(AT GROUP LEVEL) 

For both AIDS and SAIDS, 

Hy: Y processed fruit,processed fruit + Y processed fruit,frozen fruit = 

AIDS SAIDS 

Product / .£. F p F p 
Product group value value value value 

PROCESSED and 1,32 7.995 0.008 Not Applicable?! 
FROZEN FRUIT 

  

Result 

Demand for Processed Fruit and Frozen Fruit is not homogeneous 

under AIDS. 

  

“IHomogeneity of demand is not tested among processed 
fruit group and frozen fruit because processed fruit and 
frozen fruit were found to be separable under SAIDS. 
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Table FP6: 

TABLE OF PARAMETER ESTIMATES PROCESSED FRUIT AS A GROUP AND 
FROZEN FRUIT 

  

  

    

  

  

AIDS SAIDS 

Product / Param. p Param. p 
Product group Est. value Est. value 

PROCESSED FRUIT Not Applicable | 
Intercept -0.2695 0.3869 

Processed fruit 0.7517 0.0055 
Frozen fruit -0.5300 0.0077 
Expenditure 0.0115 0.7570 

FROZEN FRUIT 

Intercept 1.2695 0.0002 
Processed fruit -0.7517 0.0055 
Frozen fruit 0.5300 0.0077 
Expenditure -0.0115 0.7570     

  

coefficients for processed fruit group and frozen fruit 
are not estimated because processed fruit group and frozen 
fruit are separable under SAIDS. 
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HOMOGENEITY BETWEEN PROCESSED FRUITS AND FROZEN FRUIT 

(AT INDIVIDUAL LEVEL) 

  

  

  
  

  

    

For AIDS, 

Ho: Y canned fruit,canned fruit + Y canned fruit,fruit juice + 

Y canned fruit, frozen fruit = 0 

Ho: Yeruit juice,canned fruit + Y fruit juice, fruit juice + 

Y fruit juice, frozen fruit = 0 

Hy: Y frozen fruit,canned fruit + Y frozen fruit,fruit juice + 

Y frozen fruit, frozen fruit = 0 

AIDS SAIDS 

Product / d.f. F p F p 
Product group value value value value 

CANNED 1,62 0.370 0.545 Not Applicable® 
FRUIT 

FRUIT 1,62 1.302 0.258 

JUICE 

FROZEN 1,62 4.478 0.038 

FRUIT       

  

*syHomogeneity among the two types of processed fruit and 
frozen fruit is not tested because processed fruit as a group 
was found to be separable from frozen fruit under SAIDS. 
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Table FP7: 

TABLE OF PARAMETER ESTIMATES FOR INDIVIDUAL PROCESSED FRUITS 

AND FROZEN FRUIT 

  

  

      

  

  

    

AIDS SAIDS 

Product / Param. p Param. p 
Product group Est. value Est. value 

CANNED FRUIT Not Applicable 
Intercept -0.1799 0.7843 

Canned fruit 0.0189 0.9518 
Fruit juice 0.4138 0.4291 
Frozen fruit -0.3145 0.3462 
Expenditure 0.0069 0.8759 

FRUIT JUICE 

Intercept -0.2996 0.6639 
Canned Fruit 0.2082 0.5280 
Fruit Juice 0.2592 0.6353 

Frozen fruit -0.2881 0.4469 
Expenditure 0.0140 0.7632 

FROZEN FRUIT 

Intercept 1.4796 0.0122 
Canned fruit -0.2272 0.3987 
Fruit juice -0.6730 0.1365 
Frozen fruit 0.6297 0.0470 
Expenditure -0.0209 0.5806 
  

  

**coefficients for individual processed fruits and frozen 
fruit are not estimated because individual processed fruits 
and frozen fruit are separable under SAIDS. 
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SEPARABILITY BETWEEN FRESH FRUIT (as a group) 
AND 

PROCESSED FRUITS 

H.: 9: Processed fruits as a group is separable from fresh fruit. 

AIDS SAIDS 

Product / .f£. F p F p 
Product group value value value value 

FRESH FRUIT vs. 2,94 7.458 0.001 0.977 0.380 
PROCESSED FRUIT 

  

Result 

While processed fruits as a group is not separable from fresh 

fruit under AIDS®, it is separable from fresh fruit under 

SAIDS®. 

  

rach individual processed fruit is separable from fresh 
fruit. 

**rach individual processed fruit is separable from fresh 
fruit. 
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HOMOGENEITY BETWEEN FRESH FRUIT AND PROCESSED FRUIT 

(AT GROUP LEVEL) 

  

  

For AIDS, 

Ho: Y processed fruit,processed fruit + Y processed fruit,fresh fruit = 0 

AIDS SAIDS 

Product / a.f. F p F p 
Product group value value value value 

| 

FRESH FRUIT and 1,32 4.514 0.041 Not?’ 
PROCESSED FRUIT Applicable         

Result 

The demand for Fresh Fruit (as a group) and Processed Fruit is 

not homogeneous under AIDS 

  

-7Homogeneity among the processed fruit group and fresh 
fruit is not tested because the processed fruit group was 
found to separable from fresh fruit under SAIDS. 
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Table FP8: 
TABLE OF PARAMETER ESTIMATES FOR PROCESSED FRUITS AS A GROUP 
AND FRESH FRUIT 

  

    

    

  

AIDS SAIDS 

Product / Param. p Param. p 
Product group Est. value Est. value 

PROCESSED FRUIT Not Applicable 
Intercept -0.5535 0.1233 
Processed fruit 0.5560 0.0006 
Fresh fruit -0.3905 0.0002 
Expenditure -0.1535 0.0001 

FRESH FRUIT 

Intercept 1.5535 0.0001 

Processed fruit -0.5560 0.0006 
Fresh fruit 0.3905 0.0002 
Expenditure 0.1535 0.0001       

  

*coefficients for processed fruits group and fresh fruit 
are not estimated because processed fruits group and fresh 
fruit are separable under SAIDS. 
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HOMOGENEITY BETWEEN THE GROUP OF FRESH FRUITS 
AND 

PROCESSED FRUIT 

(AT INDIVIDUAL LEVEL) 

For both AIDS and SAIDS, 

H 
0° Y fresh fruit,canned fruit + Y ¢resh fruit,fruit juice 

= 0 
Y fresh fruit, frozen fruit 

  

  

  

  

Hp: Y canned fruit,canned fruit + Y canned fruit,fruit juice + 

Y canned fruit, frozen fruit = 0 

Hy: Yeéruit juice,canned fruit + Yeruit juice, fruit Juice + 

Y fruit juice,frozen fruit = 0 

AIDS SAIDS 

Product / d.f. F p F p 
| Product group value value value value 

Ge ooo ——————————— 

FRESH 1,62 0.975 0.327 Not’? 
FRUIT Applicable 

CANNED 1,62 0.133 0.716 

FRUIT 

FRUIT 1,62 1.443 0.234 

JUICE       

  

“Homogeneity among the two types of processed fruit and 
fresh fruit is not tested because the processed fruit group 
was found to be separable from fresh fruit under SAIDS. 
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Table FP9: 

TABLE OF PARAMETER ESTIMATES FOR INDIVIDUAL PROCESSED FRUITS 

AND FRESH FRUIT 

  

  

  

  

  

AIDS SAIDS 

Product / Param. p Param. p 
Product group Est. value Est. value 

FRESH FRUIT Not Applicable”? 
Intercept 1.6735 0.0639 
Fresh Fruit 0.3946 0.0003 
Canned fruit -0.1606 0.6151 
Fruit juice -0.4250 0.0124 

Expenditure 0.1551 0.0001 

CANNED FRUIT 

Intercept -0.1617 0.7577 

Fresh fruit -0.2104 0.0010 
Canned Fruit 0.0179 0.9249 
Fruit Juice 0.2346 0.0198 
Expenditure -0.0804 0.0003 

FRUIT JUICE 

Intercept -0.5117 0.3662 
Fresh fruit -0.1842 0.0060 
Canned fruit 0.1427 0.4865 
Fruit juice 0.1903 0.0729 
Expenditure -0.0746 0.0015           

  

coefficients for individual processed fruits and fresh 
fruit are not estimated because individual processed fruits 
and fresh fruit are separable under SAIDS. 
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SEPARABILITY FRESH FRUITS AND PROCESSED FRUITS 

  

  

  

  

  

  
  

  

  

  

H,: Processed fruits as a group is separable from fresh fruit 
as a group. 

AIDS SAIDS 

Product / d.f. F p F p 
Product group value value value value 

FRESH FRUIT vs. 8,144 3.426 0.001 0.923 0.499 

PROCESSED FRUIT 

APPLES vs. 2,144 2.092 0.127 1.806 0.167 

PROCESSED FRUIT 

BANANAS vs. 2,144 3.183 0.044 2.219 0.112 

PROCESSED FRUIT 

ORANGES vs. 2,144 8.887 0.000 2.192 0.115 
PROCESSED FRUIT 

OTHER FRUITS vs. 2,144 4.568 0.011 2.813 0.063 

PROCESSED FRUIT         
Result 

1) While fresh fruits as a group is not separable from 

processed fruit as a group under AIDS, it is separable from 

processed fruit as a group under SAIDS. 

2) Apples is separable from processed fruit as a group under 

both AIDS and SAIDS. 

3) While bananas and oranges are not separable from processed 

fruit as a group under AIDS, they are separable from 

processed fruit as a group under SAIDS. 

4) While other fruit is not separable from processed fruit as 

a group under AIDS, it is separable from processed fruit as 

a group, at a strict a = 0.05. 
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SEPARABILITY BETWEEN FRESH FRUITS AND PROCESSED FRUITS 

  

  

    
  

    CANNED FRUIT 

AIDS SAIDS 

Product / d.f. F p F p 
Product group value value value value 

APPLES vs. 1,144 0.104 0.747 1.019 9.314 

CANNED FRUIT 

BANANAS vs. 1,144 0.438 0.509 0.636 0.426 

CANNED FRUIT 

ORANGES vs. 1,144 8.672 0.003 1.712 0.192 

CANNED FRUIT 

OTHER FRUITS vs. 1,144 2.429 0.121 1.675 0.197     

Result 

1) Apples, bananas and other fruit are separable 

fruit under both AIDS and SAIDS. 

from canned 

2) While oranges are not separable from canned fruit under 

AIDS, they are separable from canned fruit under SAIDS. 
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SEPARABILITY BETWEEN FRESH FRUITS AND PROCESSED FRUITS 

  

  

  
  

  

  

  

AIDS SAIDS 

Product / d.f. F p F p 
Product group value value value value 

APPLES vs. 1,144 3.327 0.070 1.575 0.211 

FRUIT JUICE 

BANANAS vs. 1,144 5.495 0.020 2.616 0.108 

FRUIT JUICE 

ORANGES vs. 1,144 18.118 0.001 1.478 0.226 

FRUIT JUICE 

OTHER FRUITS vs. 1,144 9.128 0.003 2.882 0.091 

FRUIT JUICE         
Result 

While apples, bananas, oranges and other fruit are not 

separable from fruit juice under AIDS, they are separable from 

fruit juice under SAIDS. 
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HOMOGENEITY BETWEEN FRESH FRUITS AND PROCESSED FRUITS 

(AT GROUP LEVEL) 

  

  

For AIDS, 

Ho: Y fresh fruit,fresh fruit + Y processed fruit,fresh fruit = 0 

AIDS SAIDS 

Product / d.f. F Pp F p 
Product group value value value value 

  

FRESH FRUIT and 1,32 4.514 0.041 Not Applicable*' 
PROCESSED FRUIT         

Result 

The demand for Fresh Fruits (as a group) and Processed Fruits 

(as a group) is not homogeneous under AIDS. 

  

Homogeneity of demand among fresh fruit group and 
processed fruit group is not tested because the processed 
fruit group and fresh fruit group were found to be separable 
under SAIDS. 
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Table FP10: 

TABLE OF PARAMETER ESTIMATES FOR FRESH FRUITS AS A GROUP AND 

PROCESSED FRUIT AS A GROUP 

  

  

  

  

AIDS SAIDS 

Product / Param. p Param. p 
Product group Est. value Est. value 

Lee a a SP 

PROCESSED FRUIT Not Applicable 
Intercept -0.5535 0.1233 
Processed fruit 0.5560 0.0006 
Fresh fruit -0.3905 0.0002 
Expenditure -0.1535 0.0001 

FRESH FRUIT 

Intercept 1.5535 0.0001 
Processed fruit -0.5560 0.0006 
Fresh fruit 0.3905 0.0002 
Expenditure 0.1535 0.0001       

The above table indicates that under AIDS, although the 

coefficients of the PROCESSED FRUIT and FRESH FRUIT variables 

are Significant, they do not have the anticipated signs. 

  

coefficients for fresh fruit as a group and processed 
fruit as a group are not estimated because they are separable 
under SAIDS. 
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HOMOGENEITY BETWEEN FRESH FRUITS AND PROCESSED FRUITS 

(AT INDIVIDUAL LEVEL) 

For AIDS, 

Ho: Y appl, appl + Y appt , bana + Y appt ,orng + Y appt, othr + Y appl , canned fruit 

+ Yappt, fruit juice ~ 0 

Ho: Y bana, appl + Y bana, bana + Y bana, orng + Y bana, othr + Y bana, canned fruit 

+ Ybana, fruit juice = 0 

Ho? Y orng, app! + Y orng, bana + Y orng, orng + Y orng, othr + Y orng, canned fruit 

+ Yorng, fruit Juice = 0 

Ho: Y othr, appl + Y othr, bana + Y othr, orng + Y othr, othr + Y othr, canned fruit 

= 0 + Yothr, fruit juice 

0° Y canned fruit, appl + Y canned fruit, bana + Y canned fruit,orng + 

Y canned fruit,othr + Y canned fruit,canned fruit + 

= 0 Y canned fruit, fruit juice 

0° Veruit juice, appl + Yeruit juice,bana + Yeruit juice,orng 

Y fruit juice,othr + Yeruit juice,canned fruit + 

= 0 
Yeruit juice, fruit juice 
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AIDS SAIDS 

Product / a.f. F p F p 
Product group value value value value 

APPLES 1,140 1.596 0.208 Not Applicable 

BANANAS 1,140 0.379 0.538 

ORANGES 1.140 10.635 0.001 

OTHER 1,140 1.157 0.283 

FRUIT 

CANNED 1,140 0.001 0.967 

FRUIT 

FRUIT 1,140 0.852 0.363 

JUICE 

Result 

Except for oranges, the demand for all the other products, 

included in the demand system models described on the previous 

page, is homogeneous. 

  

33Homogeneity among the individual type of fresh fruit and 
individual type of processed fruit is not tested because 
processed fruit group and fresh fruit group were found to be 
separable under SAIDS 
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Table FP11: 
TABLE OF PARAMETER ESTIMATES FOR INDIVIDUAL FRESH FRUITS AND 
INDIVIDUAL PROCESSED FRUITS 

  

  

  

  

  

  
  

  

  

AIDS SAIDS 

Product / Param. p Param. p 
Product group Est. value Est. value 

APPLES Not Applicable™ 
Intercept 0.7027 0.1382 

Apple -0.0847 0.0061 
Banana -0.1494 0.0002 
Orange -0.0748 0.0032 
Other 0.0550 0.3026 

Canned -0.0276 0.8689 
Juice 0.2528 0.1052 

Expenditure -0.0104 0.5957 

BANANA 

Intercept 0.3110 0.3285 
Apple -0.0418 0.0397 
Banana -0.0083 0.7319 
Orange -0.0298 0.0687 

Other -~0.0010 0.9772 

Canned -0.0911 0.4260 
Juice 0.1295 90.0397 

Expenditure 0.0011 0.9298 

ORANGE 

Intercept 1.3945 0.0020 
Apple -0.1068 0.0002 

Banana -0.1113 0.0015 
Orange -0.1084 0.0001 
Other 0.0466 0.3268 

Canned -0.3353 0.0313 

Juice 0.3191 0.0005 
Expenditure -0.0472 0.0107       
  

The parameters of the individual types of processed and 
fresh fruit were not estimated because the processed fruit 
group was found to be separable from the fresh fruit group 
under SAIDS. 
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Table FP11 (continued): 
TABLE OF PARAMETER ESTIMATES FOR INDIVIDUAL FRESH FRUITS AND 

INDIVIDUAL PROCESSED FRUITS 

  

  

    

  

  

AIDS SAIDS 

Product / Param. p Param. p 
Product group Est. value Est. value 

OTHER FRUIT Not Applicable*® 
Intercept -1.0889 0.4590 
Apple 0.4215 0.0001 

Banana 0.4471 0.0004 
Orange 0.2999 0.0003 

Other -0.1627 0.3326 

Canned 0.1639 0.7563 
Juice -0.8243 0.0078 

Expenditure 0.1709 0.0091 

CANNED FRUIT 

Intercept 0.0385 0.9262 
Apple -0.1125 0.0001 
Banana -0.1125 0.0015 

Orange -0.0515 0.0197 

Other 0.0581 0.2265 
Canned 0.1067 0.4795 

Juice 0.1154 0.1693 
Expenditure -0.0551 0.0036 

FRUIT JUICE 
Intercept -0.3580 0.5422 
Apple -0.0756 0.0446 
Banana -0.0653 0.1561 
Orange -0.0352 0.2387 
Other 0.0039 0.9523 
Canned 0.1835 0.3880 
Juice 0.1073 0.3585 

Expenditure -0.0593 0.0218       
  

>The parameters of the individual types of processed and 
fresh fruit were not estimated because the processed fruit 

group was found to be separable from the fresh fruit group 
under SAIDS. 
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In general, the results are more likely to indicate 

homogeneity when advertising is included in the system than 

when it is not. 

For the fruit products, out of the six possible 

categories all but one combination were found to _ be 

inseparable for the AIDS model. Specifically, the six 

possible product groupings are (1) Fresh fruit and canned 

fruit, (2) Fresh fruit and fruit juice, (3) Fresh fruit and 

frozen fruit, (4) Fresh fruit and processed fruit, (5) Frozen 

fruit and processed fruit, and (6) Fresh (four) fruit and 

processed fruit. Out of these six grouping only the first 

grouping, Fresh fruit and canned fruit was found to be 

separable. The other five groupings were found to be 

inseparable. 

However, this inseparability did not prevail when 

advertising was included in the AIDS model. That is, for the 

SAIDS model, all categories but one were found to be 

separable. Specifically, the second grouping of fresh fruit 

and fruit juice was found to be inseparable, while the other 

five groupings were found to be separable when advertising was 

incorporated in the AIDS model. 
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Table FS1: 
SUMMARY OF SEPARABILITY RESULTS 

  

Product / AIDS SAIDS 
Product group 
ees Eee 

FRESH FRUIT,* 
vs. Separable Separable 

CANNED FRUIT 

  
  

FRESH FRUIT, 

vs. Not Separable Not Separable 
FRUIT JUICE 
  

FRESH FRUIT, 
vs. Not Separable Separable 

FROZEN FRUIT 
  

PROCESSED FRUIT?’ 
vs. Not Separable Separable 

FROZEN FRUIT 
    PROCESSED FRUIT 

vs. Not Separable Separable 
FRESH FRUIT,*® 
  

PROCESSED FRUIT 
vs. Not Separable  Separable 

FRESH FRUIT,         
  

36The fresh fruit, category consisted of apples, bananas, 
oranges, and other fruit. 

3’The processed fruit category consists of canned fruit 
and fruit juice. 

382 fresh fruit, category used in this test was an 
aggregate of the four fresh fruits: apples, bananas, oranges, 
other fruit. 
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Table FH1: 

SUMMARY OF HOMOGENEITY RESULTS (AT GROUP LEVEL) %9 

  

Product / 

FRESH FRUIT*® 
and 

CANNED FRUIT 

Product group 
AIDS SAIDS 

—_ 
  

Rejected Accepted 

  

FRESH FRUIT 

and 
FRUIT JUICE 

Accepted Accepted 

  

FRESH FRUIT 

and 

FROZEN FRUIT 

Rejected Not Applicable 

  

PROCESSED FRUIT 

and 

FROZEN FRUIT 

Rejected Not Applicable 

  

PROCESSED FRUIT 

and 

FRESH FRUIT 

Rejected Not Applicable 

  

PROCESSED FRUIT 

and 

FRESH FRUIT     Rejected Not Applicable 

  

  

Homogeneity was tested only for groups that were found 
to be separable. 

“since fresh fruit group was found to be separable from 
canned fruit, homogeneity was tested among the four types of 
fresh fruit. 
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Table FH2: 

SUMMARY OF HOMOGENEITY RESULTS 
INCLUDED IN THE TWO CATEGORIES) 

Four Fresh Fruits and Canned Fruit 

(OF INDIVIDUAL PRODUCTS 

  
  

  

  

    
  

  

Product / AIDS SAIDS 
Product group 

APPLES Rejected Accepted 

BANANAS Rejected Accepted 

ORANGES Rejected Accepted 

OTHER FRUIT Rejected Accepted 
  

CANNED FRUIT   Not Applicable Not Applicable       

Four Fresh Fruits and Fruit Juice 

Products 

APPLES 

BANANAS 

ORANGES 

OTHER FRUIT 

FRUIT 
JUICE 
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AIDS 

Rejected 

Accepted 

Rejected 

Rejected 

Accepted 

SAIDS 

Accepted 

Accepted 

Rejected 

Rejected 

Rejected 
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Table FH2 (continued): 

SUMMARY OF HOMOGENEITY RESULTS (OF INDIVIDUAL PRODUCTS 

INCLUDED IN THE TWO CATEGORIES) 

Four Fresh Fruits and Frozen Fruit 

  

  

    

  

  

Products AIDS SAIDS 

APPLES Rejected Not Applicable 

BANANAS Accepted Not Applicable 

ORANGES Rejected Not Applicable 

OTHER FRUIT Rejected Not Applicable 

FROZEN Accepted Not Applicable 
FRUIT         

Two Processed Fruits and Frozen Fruit 

  

  

  

Products AIDS SAIDS 

CANNED Accepted Not Applicable 
FRUIT 

FRUIT Accepted Not Applicable 
JUICE 

FROZEN Rejected Not Applicable 
FRUIT       
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Table FH2 (continued): 
SUMMARY OF HOMOGENEITY RESULTS (OF INDIVIDUAL PRODUCTS 

INCLUDED IN THE TWO CATEGORIES) 

Two Processed Fruits and Fresh Fruit 

Products AIDS SAIDS 

FRESH Accepted 
FRUIT 

Not Applicable 

CANNED Accepted 
FRUIT 

Not Applicable 

FRUIT Accepted 
JUICE 

Not Applicable 

  

Four Fresh Fruits and Two Processed Fruits 

  

  
  

  

  

  

    

Products AIDS SAIDS 

APPLES Accepted Not Applicable 

BANANAS Accepted Not Applicable 

ORANGES Rejected Not Applicable 

OTHER Accepted Not Applicable 
FRUIT 

CANNED Accepted Not Applicable 
FRUIT 

FRUIT Accepted Not Applicable 
JUICE       
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Chapter 5: Conclusion 

This chapter discusses conclusions that can be drawn from 

this study, points to the limitations of this study, and 

outlines directions for future research. First, the findings 

are reviewed and interpreted. Second, the implications of the 

present research for marketing researchers and marketing 

managers are presented. The section on implications is 

divided in to two subsections: Theoretical implications and 

Practical Implications. Third, the limitations of the present 

study are addressed. Finally, directions for future research 

are outlined, followed by concluding remarks. 

Findings 

The main objective of the research was to test for 

homogeneity of demand. However, in testing the homogeneity of 

demand, it was necessary first to test the separability 

between various products. Thus, a test for separability was 

developed. Two data sets were used to test the hypothesis 

that inclusion of advertising variable will reduce, if not 

eliminate, the rejection of the homogeneity of demand property 

under the AIDS model. The tests performed to check (a) the 

separability prerequisite, and (b) the main hypotheses of 

homogeneity of demand showed promising results under the SAIDS 

model. 

The Table 1 below summarizes the gains in accepting 

homogeneity by fitting the SAIDS model. Modeling of consumer 
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demand under the SAIDS model, fit at both individual and group 

level, results in a 100% (eight of eight tests) acceptance of 

the homogeneity of demand assumption for the Alcoholic 

Beverages and Cigarettes product category, up from 62% (five 

of eight tests) under the AIDS model. When the AIDS and SAIDS 

models are fit at the individual product level only, the 

acceptance of homogeneity of demand assumption increases from 

72% (five of seven tests) under AIDS to 100% (seven of seven 

tests) under SAIDS. 

For the Fruit Products category, the SAIDS model fit at 

both individual and group level increases the acceptance of 

homogeneity of demand assumption from 48% (fifteen of 

thirtyone tests) under the AIDS model to 67% {six of nine 

tests). When the AIDS and SAIDS models are fit at the 

individual product level only, the acceptance of homogeneity 

of demand assumption increases from 54% (fourteen of twentysix 

tests) under the AIDS model to 62% (five of eight tests) under 

the SAIDS model. 
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Table 1: 

PROPORTION OF ACCEPTANCE OF HOMOGENEITY ASSUMPTION UNDER 

AIDS AND SAIDS 

  

  

  

  

    

AIDS SATIDS 

ALCOHOLIC BEVERAGES AND CIGARETTES 

% Homogeneity accepted 72% 100% 
(at individual products level) 

% Homogeneity accepted 62% 100% 
(all individual and group level) 

FRUIT PRODUCTS 

%* Homogeneity accepted 54% 62% 
(at individual products level) 

% Homogeneity accepted 48% 67% 
(all individual and group level)         

The figures in the above table indicate that when the 

advertising variable was included in the AIDS model, the 

demand for the group of products that was previously non- 

homogeneous was often found to be homogeneous. Thus, 

including the advertising variable improves the homogeneity of 

demand as hypothesized. 

Moreover, as the following table indicates, fitting the 

SAIDS model results in more signs, of the own-price 

coefficients, being as expected. When the demand for 

Alcoholic Beverages and Cigarettes is fit at both individual 

and group level, under the SAIDS model, 56% (five of nine 

coefficients) of the signs of the own-price coefficients are 
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as expected 56%, up from 0% (none of nine coefficients) under 

the SAIDS model. When the AIDS and SAIDS models are fit at 

the individual product level only, proportion of the expected 

signs of own-price coefficients increases from 0% (none of 

seven coefficients) to 57% (four of seven coefficients) 

For the Fruit Products category, the SAIDS model fit at 

both individual and group level improves the proportion of 

expected signs of own-price coefficients from 44% (sixteen of 

thirtysix coefficients) under the AIDS model to 82% (nine of 

eleven coefficients). When the AIDS and SAIDS models are fit 

at the individual product level only, the proportion of 

expected signs of own-price coefficient improves from 62% 

(sixteen of 26 coefficients) under the AIDS model to 78% 

(seven of nine coefficients) under the SAIDS model. 
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Table 2: 

PROPORTION OF EXPECTED SIGNS OF OWN-PRICE COBFFICIENTS UNDER 

AIDS AND SAIDS 

  

    
  

  
  

  

AIDS SATDS 

ALCOHOLIC BEVERAGES AND CIGARETTES 

% Sign of own-price 0% 57% 
coefficient as expected 
(at individual products level) 

% sign of own-price 0% 56% 
coefficient as expected 
(all individual and group level) 

FRUIT PRODUCTS 

% sign of own-price 62% 78% 
coefficient as expected 
(at individual products level) 

% sign of own-price 44% 82% 
coefficient as expected 
(all individual and group level)       

The rejection of the fundamental assumption in consumer 

demand theory, the homogeneity of demand, appears to be 

attributable to misspecification of the model as used by 

economists. Economists have neglected the advertising 

variable while fitting an AIDS model. Also, they have been 

fitting the AIDS model on aggregate product categories. It 

was more realistic to test the model at the individual product 

level. Homogeneity of demand was found to be rejected at the 

individual product level under AIDS. When the advertising 

variable was introduced while fitting the AIDS model at the 
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individual product level, the fundamental property of the 

homogeneity of demand was accepted. However, the impact of 

advertising in restoring the homogeneity of demand assumption 

should be examined with prudence. It is likely that the SAIDS 

model developed in this dissertation could itself be 

misspecified. Inclusion of any one or more of the other 

marketing mix variables (such as promotion, distribution or 

quality) could also result in the acceptance of the 

homogeneity of demand assumption. 

Homogeneity of demand is rejected when the individual’s 

demand for products is altered by an equiproportionate change 

in all prices and income. Rejection of the homogeneity of 

degree zero assumption is commonly viewed as the existence of 

money illusion. In other words, while testing for the 

homogeneity property in empirical fitting of the AIDS model, 

the proportion of unexplained variance is attributed to 

consumers suffering from money illusion. Such a conclusion, 

as discussed towards the end of the Theoretical Implications 

section, is improper. 

The results from fitting the AIDS model with the two data 

sets in this research indicate that, in general, homogeneity 

of demand is rejected. Demand is not homogeneous when 

consumers tend to pay more attention to nominal price changes. 

Under such conditions consumers’ behavior departs from being 

rational and they tend not to maximize the utility from the 
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products they purchase. They tend to over-emphasize the 

effects of price changes and under-emphasize the impact of 

equiproportionate income changes. 

One possible explanation of such behavior is the fact 

that consumers face price changes more frequently than they 

realize changes in their income. Income may change once every 

twelve months while prices may change more frequently than 

changes in income. Such a perceived asymmetry in price and 

income changes elicits less than rational behavior. However, 

as the results from this research have shown, such a departure 

from rational behavior can be avoided if marketers employ the 

tools, such as advertising, available at their disposal. The 

evidence for irrationality seems to disappear with the 

inclusion of marketing mix variables. Specifically, such 

irrationality can be accounted for by including the 

advertising variable in the consumers’ utility function. 

Incorporating the advertising data while empirically fitting 

the AIDS model seems to reduce the impact of positive price 

changes. By emphasizing on the product benefits and 

attributes in its advertisement, marketers can justify the 

increase in price. 

Because the premise of this research was to. study 

consumers’ behavior under a budget constraint, it became 

necessary to study whether consumers developed mental 

expenditure accounts to allocate their resources. During the 
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course of this investigation, a methodology was developed to 

test the existence of expenditure accounts in the consumers’ 

minds. Some products that were found to be not separable from 

each other under the AIDS specification were found to be 

separable under the SAIDS specification. 

Specifically, for the fruit products data, Table FS1 

(Chapter 4) indicates that 5 out of 6 tests for separability 

among groups of fruit products were rejected under AIDS while 

only 1 out of 6 tests for separability among groups of fruit 

products was rejected under SAIDS. Out of the 5 tests that 

rejected separability among the fruit products, demand for 4 

products was found to be non-homogeneous (Table FH1 in Chapter 

4). 

In addition to validating the assumption of homogeneity 

of demand in the economic theory of demand, inclusion of the 

advertising variable resulted in more clearly establishing the 

separability among products. The advertising adjusted price 

levels altered the consumers’ utility function. Incorporating 

advertising, consistent with the neoclassical economic theory, 

in the demand system helped determine which products should be 

grouped together when testing for homogeneity. The modeling 

approach developed in this dissertation is a significant 

contribution in empirical testing of the existence of mental 

accounts. The applications of such mental accounts are 

discussed in detail under the practical implications 
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subsection later in this chapter. 

Also, the issue of separability plays an important role 

in the acceptance of homogeneity assumption. When 

separability is established, and homogeneity tested within 

these separable groups, there iS more acceptance of the 

homogeneity assumption. Advertising helps in establishing 

separability, which in turn helps in establishing homogeneity. 

The separability results from Chapter 4 lead us to the 

conclusion that changes in the price and advertising variables 

of one group of products has no impact on the consumption of 

products contained in another group. The demand for one group 

of products is unaffected by the changes in the marketing mix 

elements of products falling under that group which is 

separable from the first. 

The individual results from the analysis performed on two 

separate categories of products, namely Alcoholic Beverages 

(including Cigarettes) and Fruit Products, are summarized 

below. 

ALCOHOLIC BEVERAGES and CIGARETTES 

A total of four separate analyses were performed on the 

Alcoholic Beverages and Cigarettes category. The individual 

products that were included in these four analyses and the 

outcome of these four analyses is discussed in the subsections 

below. 
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(a,) Separability between alcoholic beverages as a group 

and cigarettes. 

Result: Under both AIDS and SAIDS, alcoholic beverages 

are not separable from cigarettes. 

Since it was found that Alcoholic beverages were not 

separable from cigarettes, the tests of homogeneity were 

performed at both the group level and individual product 

level. The outcome of the tests of homogeneity of demand at 

the group level and the individual product level is discussed 

in sub-sections (b) and (c) below. 

(b,) Homogeneity of demand was tested at the group level 

between alcoholic beverages as group and cigarettes. 

Result: Under AIDS, homogeneity of demand was rejected at 

the group level but was accepted at the group level under 

SAIDS. 

(c,) Homogeneity of demand was tested for the individual 

alcoholic beverages along with cigarettes. 

Result: When the demand system including beer, liquor, 

wine, and cigarettes was estimated, homogeneity of demand for 

beer was rejected under AIDS. However, homogeneity of demand 

for beer was accepted under SAIDS. The demand for the other 

three products was homogeneous under both AIDS and SAIDS. 

Further, tests of homogeneity of demand were performed 
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under the assumption that alcoholic beverages were separable 

from cigarettes. In order to test the homogeneity of demand 

for the alcoholic beverages, a system of equations consisting 

of three alcoholic beverages was constructed. The system had 

three alcoholic beverages: beer, wine, and liquor as the 

independent variables. The outcome of the test of homogeneity 

of demand on the group that includes only the three types of 

alcoholic beverages: beer, liquor, and wine, is discussed in 

Subsection (d) below. 

(d,) Homogeneity of demand among the three individual 

alcoholic beverages. 

Result: Under AIDS, only demand for wine was found to be 

not homogeneous. However, at a strict a = 0.05 level, the 

demand for all three was found to be homogeneous under SAIDS. 

FRUIT PRODUCTS 

Since the theory of demand applies to and the tests of 

homogeneity are done at the individual product level and since 

not all possible products are included in the demand system it 

is implicitly assumed during the homogeneity testing that all 

other products are separable from the overall fruit products 

category. Confined to the overall fruit category under this 

rather restrictive assumption, there are several individual 

fruit products included in the overall fruit category. Some 

of these individual fruit products are combined to form 
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natural categories. Thus, while testing for homogeneity among 

the various fruit products, it becomes imperative that 

separability (or lack thereof) is first established among the 

natural fruit product categories before proceeding to the 

homogeneity tests. A total of 6 tests of separability were 

performed. The purpose of the separability tests was to 

empirically determine the existence of mental accounts. Such 

mental accounts were hypothesized to explain the rejection of 

homogeneity-of-demand assumption of the economic theory of 

consumer demand. The results of these six separability tests 

are presented in the subsections below. (Please refer to 

Figure 2 and Figure 3 at the end of this chapter for a tree 

representation of the mental accounts). Each separability 

result is followed by the tests of homogeneity of demand which 

include the appropriate group of products based on the 

separability results. 

(a,) Separability between the group of fresh fruits and 

canned fruit. 

Result: Fresh fruit as a group is separable from canned 

fruit under AIDS as well as under SAIDS. 

(a,-) Since fresh fruits category was separable from 

canned fruit category, homogeneity of demand was tested among 

the individual products that comprise the fresh fruit 

category. 
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Result: Homogeneity was rejected for all four individual 

fresh fruits under AIDS. Homogeneity was accepted for all four 

individual fresh fruits under SAIDS. 

(b,) Separability between the group of fresh fruits and 

fruit juice. 

Result: Fresh fruit as a group is not separable from 

fruit juice under AIDS as well as under SAIDS. 

(b,,) Homogeneity between the fresh fruit as a group and 

fruit juice 

Result: Homogeneity was accepted under AIDS as well as 

under SAIDS. 

(b,,) Homogeneity between individual fresh fruits and 

fruit juice (since fresh fruit as a group was found to be not 

separable from fruit juice under AIDS as well as SAIDS). 

Result: 

Apples: Not homogeneous under AIDS and under SAIDS 

Bananas: Homogeneous under AIDS and under SAIDS 

Oranges: Not homogeneous under AIDS and under SAIDS 

Other fruit: Not homogeneous under AIDS and under SAIDS 

Fruit juice: Homogeneous under AIDS but NOT under SAIDS 

(c,) Separability between the group of fresh fruits and 

frozen fruit. 

Result: Fresh fruit as a group is not separable from 
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frozen fruit under AIDS but IS separable under SAIDS. 

(c,,) Homogeneity between the fresh fruit as a group and 

frozen fruit. 

Result: Homogeneity was accepted under AIDS, but not 

tested under SAIDS because of the outcome of test performed in 

Cc, above. 

(c,.) Homogeneity between individual fresh fruits and 

frozen fruit under AIDS only (since fresh fruit as a group is 

not separable from frozen fruit under AIDS but is separable 

under SAIDS). 

Result: 

Apples: Not homogeneous under AIDS 

Bananas: Homogeneous under AIDS 

Oranges: Not homogeneous under AIDS 

Other fruit: Not homogeneous under AIDS 

Frozen fruit: Homogeneous under AIDS 

(d,) Separability between the group of processed fruit 

and frozen fruit. 

Result: Processed fruit as a group is not separable from 

frozen fruit under AIDS but IS separable under SAIDS. 

(d,,) Homogeneity between the processed fruit as a group 

and frozen fruit. 

Result: Homogeneity was rejected under AIDS, but not 

tested under SAIDS because of the outcome of the test 
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performed in d,. 

(d Homogeneity between individual processed fruits and ar) 

frozen fruit under AIDS only (since processed fruit as a group 

is not separable from frozen fruit under AIDS but is separable 

under SAIDS). 

Result: 

Canned fruit: Homogeneous under AIDS 

Fruit juice: Homogeneous under AIDS 

Frozen fruit: Not homogeneous under AIDS 

(e,) Separability between the group of processed fruit 

and group of fresh fruit, that is, the expenditure, the 

prices, and the advertising of the four individual fruit 

products is combined into one group of fresh fruits. 

Result: Processed fruit as a group is NOT separable from 

fresh fruit under AIDS but IS separable under SAIDS. 

(e,,.) Homogeneity between the processed fruit as a group 

and the group of fresh fruits. 

Result: Homogeneity was rejected under AIDS, but not 

tested under SAIDS because of the outcome of the test 

performed in e,. 

(e,,) Homogeneity between individual processed fruits and 

fresh fruit as one group under AIDS only (since processed 

fruit as a group is not separable from fresh fruit under AIDS 

but is separable under SAIDS). 
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Result: 

Canned fruit: Homogeneous under AIDS 

Fruit juice: Homogeneous under AIDS 

Fresh fruit: Not homogeneous under AIDS 

(f£,) Separability between the group of processed fruit 

and group of fresh fruit. 

Result: 

(1) Processed fruit as a group is NOT separable from 

fresh fruit under AIDS but IS separable under SAIDS 

Furthermore, 

(2) Apples are separable from processed fruit as a group 

under AIDS as well as under SAIDS 

(3) bananas are NOT separable from processed fruit as 

a group under AIDS but IS separable under SAIDS 

(4) oranges are NOT separable from processed fruit as a 

group under AIDS but is separable under SAIDS. 

(5) Other fruits are NOT separable from processed fruit 

as a group under AIDS but IS separable under SAIDS. 

Research Implications 

The issues investigated in this dissertation have both 

theoretical and practical implications in advancing the field 

of marketing. The theoretical implications from the present 

study are presented next followed by the practical use of the 

model developed in this research. 

Chapter 5: Conclusion 156



Theoretical Implications 

The present study was undertaken to validate one of the 

basic tenets of demand theory. The primary problem in this 

research was to investigate the homogeneity of demand. 

Homogeneity of demand is a fundamental concept in the theory 

of demand. It is the foundation of the economic theory of 

consumer demand. When this fundamental property does not hold 

true, the application of the theory to study demand is 

questionable. The results derived from the economic theory of 

consumer demand are doubtful. The failure of this fundamental 

property of the demand theory is evidence of consumers 

suffering from apparent money illusion. 

Individuals whose demands for commodities would be 

altered by an equiproportionate change in all prices and money 

income are said to suffer from apparent money illusion. Money 

illusion implies that individuals process the nominal price 

and income information differently. When the lags that 

necessarily exist in processing price information in the real 

world are taken into account, the chances of price-level 

misperception by consumers are higher. Under such conditions, 

consumers tend to deviate from utility maximizing behavior and 

are believed to operate under money illusion. The condition 

of money illusion has far reaching implications on the way 

demand for products is studied. Although, it must be pointed 

out that money illusion should not be concluded without more 
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substantial evidence than has been provided by traditional 

analyses. 

Our present understanding of the way in which consumers 

behave is incomplete without addressing the issue of 

homogeneity of demand. Evidence from the previous research on 

the homogeneity of demand suggests that this property is not 

satisfied in most studies. Despite its importance in theory 

building as well as being the foundation of vast bodies of 

theoretical developments, researchers have continued to ignore 

the issue of homogeneity of demand. It is with this purpose 

in mind that a theoretically consistent approach to study 

consumer behavior was developed. 

Here the search for explanations of the rejections of 

neoclassical theory is continued by developing and testing a 

model of consumer behavior that incorporates advertising 

effects. Clearly, firms advertise because they believe it can 

alter consumer behavior. If advertising does alter behavior, 

and the relative intensities of advertising for different 

products vary over time, rejections of neoclassical theory may 

reflect misspecification rather than a per se rejection of the 

theory. 

Looking at the summary results in Tables 1 and 2 earlier 

in this chapter, it can be argued that SAIDS gives more 

reasonable results than AIDS. Including the advertising 

effects in the demand system not only help in restoring the 
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homogeneity property but also yield more signs of the own- 

price coefficients in the expected direction.*! An 

interesting implication of this result is that advertising can 

be interpreted as affecting utility in such a way that 

consumers avoid the appearance of money illusion (as measured 

in the model). They appear to behave rationally once 

advertising effects are included in the demand system. 

The issue of separability investigated in this research 

has direct implication on analyzing market structures. 

Allenby (1989) advocated a theoretically consistent approach 

to studying market structure. He has pointed out previous 

research that has failed to deliver on certain criteria. These 

criteria are (1) Theoretical foundation, (2) Dynamic, (3) Data 

Availability, (4) Exploratory, (5) Hypothesis Testing, and (6) 

Overlapping Clusters. The SAIDS modeling approach developed 

in this research is a microeconomic consumer demand theory 

based approach to market structure. The data needed to test 

the model is freely available. The dynamic aspect of demand 

can be easily modeled in SAIDS. It is exploratory in nature, 

in the sense that market structures can be explored on the 

basis of mental accounts. At the same time, specific 

hypotheses can be tested about the nature of demand. 

  

“Tt needs to be pointed out that since SAIDS uses more 
information than AIDS the results are not strictly comparable. 
Furthermore, when homogeneity is rejected, comparison of 
reasonableness of coefficients is debatable. 
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Moreover, the SAIDS model is also useful in determining 

consumers’ mental accounts. Consumers are said to develop 

mental accounts when they combine products to form a category. 

They then make budget (expenditure) allocation across accounts 

and for products within an account. Such mental accounts can 

aid theoreticians as well as practitioners in developing 

hierarchies of the market by studying which products are 

comprise an account and which products are separable from the 

rest. Thus, the methodology developed in this research not 

only meets the first five criteria set forth by Allenby (1989) 

but also assists in research on market structure. 

However, the SAIDS model developed in this dissertation 

provides additional benefits compared to Allenby’s approach. 

The SAIDS model is a substantial improvement over the AIDS 

model because of its ability to test the assumptions of the 

economic demand theory and explore the composition of products 

in a consumer’s mental consumption account. It offers 

estimates of demand for products that are consistent with the 

neoclassical economic theory and extracts product groupings 

based on consumers’ overt purchase behavior. 

The rejection of homogeneity of demand property has lead 

economists to believe that consumers suffer from money 

illusion. Such a conclusion should be drawn with caution. 

There are complex set of causes for money illusion. To infer 

the appearance of money illusion based on the rejection of 
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homogeneity property is premature. The present study is an 

attempt to sort out the possible causes of apparent money 

illusion. 

The results from this study indicate that economists have 

hastily arrived at the conclusion that consumers suffer from 

money illusion. The evidence of apparent money illusion can 

be explained by appropriately specifying the utility function. 

By incorporating the relevant marketing mix elements in the 

consumers’ utility function, the variance in fitting the 

demand system can be easily accounted for. 

Moreover, by appropriately grouping the products and 

conducting the empirical analysis at the appropriate level, 

the evidence of apparent illusion disappears. Analyzing 

demand from the mental accounts perspective acts as a 

competing explanation for money illusion. The false 

appearance of money illusion is a function of the erroneous 

level of analysis. 

Practical Implications 

This dissertation has contributed to methodological as 

well as substantive issues. A methodology is developed to 

incorporate advertising variable in the demand equations. 

This dissertation sought an explanation and cure for spurious 

evidence of money illusion. This research has provided a 

solution to the problem of asymmetry in processing price and 

income information. The proposed model provided a rationale 
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for the inclusion of advertising in the complete demand 

system. The model developed in this research incorporated the 

advertising variable in the consumers’ utility function to 

reduce the impact of price changes. The advertising variable 

was used to adjust the price-levels, which in turn reduced 

money illusion. 

The approach presented here allows for advertising 

effects while preserving the fundamental properties of 

behavior postulated by neoclassical economics theory. This is 

accomplished by assuming that preferences are defined over 

prices, income and advertising levels. As a consequence, 

sales functions depend on advertising levels in a way that 

permits the simultaneous estimation of a multiple sales 

functions in a complete demand system. 

The approach presented in this research is very general 

in nature. It enables researchers to incorporate other 

variables in the consumers’ utility function in a 

theoretically consistent manner. In the present study, only 

advertising was used to empirically test the assumption and 

study its impact in alleviating the problem. However, 

researchers may use the SAIDS model developed in this study to 

include any number of different variables that seem to have an 

impact on consumers’ demand. Once it is established that 

inclusion of such variables restore the basic properties of 

the demand system, the empirical results obtained from the 
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estimating the sales response functions have more meaning and 

practical use. 

In addition to testing neoclassical restrictions, the 

inclusion of advertising terms enables one to provide evidence 

on the hypothesis that advertisers have the power to influence 

the patterns of demand across broad product groups. 

If consumers do have money illusion they are paying more 

attention to the nominal price of the product than the real 

price. They pay more attention to any price increases due to 

the general economy and inflation but forget that their 

incomes have also gone up. Advertising variable helps in 

reducing the impact of the price increases. The SAIDS model 

suggests that managers should use the advertising variable 

when estimating demand of the product categories, especially 

when they are thinking of price increases (due to inflation or 

general price increase due to economic conditions.) When the 

features or attributes of the product are emphasized or 

brought out in the advertising the manager is better served in 

masking the price increase. The consumers will buy the 

products looking more at their attributes if these are 

emphasized in the advertising. 

Moreover, the generality of the SAIDS model allows the 

Managers to study the impact of other variables such as 

distribution, shelf space, couponing, product quality etc. 

Also the interrelatedness or dependencies (due to differences 
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in distribution, product quality and its impact on prices and 

expenditures) within and among product groups can be studied 

with this approach. Thus a very general approach to studying 

demand among products is presented. 

The present approach can be successfully applied to 

product line pricing. The results of the analysis enable the 

manager to set prices according to the shifts in the demand 

patterns based on the consumers’ income and the prices, 

adjusted for the advertising levels. The present approach 

lets the managers determine the leverage that can be obtained 

from advertising, and simultaneously increase the price. The 

SAIDS model is an improvement on product line pricing approach 

proposed by Reibstein and Gatignon (1984). While their 

approach is purely statistical in nature, the SAIDS model is 

grounded in the utility maximization theory. 

The approach developed in this dissertation is helpful in 

developing strategies suitable for category management. 

Managers can use the SAIDS model to monitor the sales within 

a product category comprising closely related products. 

For instance, the impact on the sales of closely related 

products within a product category due to changes in the 

marketing mix variables of a slow moving product within that 

category can be easily studied with the SAIDS model. 

The SAIDS model allows managers to deduce the manner in 

which products are categorized in the consumers’ mental 

Chapter 5: Conclusion 164



expenditure accounts. The model helps category managers to 

concentrate on products within the account and not be overly 

concerned with products outside the account. Retailers can 

develop pricing and advertising strategies for groups of 

products within and outside the mental account. Based on the 

empirical results from the SAIDS model, retailers can change 

the marketing mix of products within a category. Such an 

approach will reduce the fears of cannibalization from those 

products falling outside the consumers’ mental expenditure 

account. For example, the store manager at Kroger can 

profitably manage the sales of product categories such as 

processed food, produce, meats, and dairy products by applying 

the SAIDS model. 

The flexibility of adding other variables in the SAIDS 

model also has government and public policy implications. 

The government can successfully apply the SAIDS model to 

estimate the demand for product or product groupings in the 

wake of regulatory variables. Public policy makers can 

monitor the demand for products/commodities based on the 

regulatory variables as predictors and study the impact of 

higher taxes, rationing or restricted distribution on sales. 

Also, the impact of ban on advertising of sin products in 

certain media can be studied. For certain commodity groups 

such as milk, eggs, the usefulness of advertising can be 

studied. Demographic variables can be easily incorporated in 
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the SAIDS model to study their impact on the consumption of 

goods among the population. The SAIDS model offers a 

convenient tool to determine if the demand for products is 

affected by consumers being in certain age groups, or income 

groups etc. Changes in the demand patterns due to demographic 

variables can easily monitored. 

The separability tests are helpful in tracking the 

inclusion and exclusion of products in an individual’s mental 

expenditure account. For instance, the SAIDS model is useful 

in answering the following questions: Which age group will 

include a product in its mental account? At which income 

level do consumers change the composition of the products 

comprising their mental account? By answering these 

questions, marketers can effectively develop segments. The 

SAIDS model can aid managers in focusing their marketing 

efforts on a particular segment. Advertising messages or 

distributional efforts can be then be targeted towards these 

segments. The SAIDS model serves the dual purpose of 

determining target markets and market structure. 

To recapitulate, this dissertation searched for 

explanations of the rejections of neoclassical theory by 

developing and testing a model of consumer behavior that 

incorporates advertising. In the process of testing the 

model, a methodology was also developed to devise a scheme for 

separating products that do not belong in the same group. 
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This separation has improved the acceptance of the 

neoclassical predictions. Two possible explanations for the 

rejection is offered in this~ study. One is the 

misspecification of the AIDS model, and the other is 

inappropriate grouping of products (mental accounts). 

Limitations of the Research 

This research has provided a methodology to incorporate 

marketing mix variable other than price in the AIDS model. 

However, there are several limitations to this study. They 

are discussed below. 

(i) Advertising Data. 

The present analysis was performed with advertising data 

that was obtained from leading National Advertisers 

publications. The LNA data is compiled on a quarterly basis. 

It can be argued that for some products, especially frequently 

purchased packaged goods, the quarterly advertising data might 

mask the effect of advertising. Further, the model analyzed 

in this study is a restricted model. The restriction placed 

on the model during the data analysis stage was in terms of 

the inclusion of only the current period advertising. 

However, the proposed methodology developed in Chapter 3 is 

capable of including previous period advertising. Moreover, 

the advertising data used in this research is in terms of the 

total dollar amount spent on the overall advertising on the 

products included in the analysis. The total dollar amount 
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spent on advertising a particular product is the sum of the 

dollars spent in advertising that product in various 

advertising media. Though not directly applicable to the 

products studied in this research, the drawback of using the 

aggregated advertising dollar amount is it costs more to 

advertise in some media such as television relative to 

advertising in some other media such as newspaper. Thus, 

uSing the aggregated dollar amount may not bring out the 

relevant impact of advertising a product in a particular media 

on its demand. Incorporating the advertising data in the form 

of aggregated dollar amount provides a possible explanation of 

why SAIDS still rejects homogeneity in a variety of fruit 

analyses. Furthermore, the present analysis ignores the 

effects on product demand due to the daily or weekly 

promotional activities such as couponing and cents-off. 

(ii) Governmental Data Source/Panel Diary Data. 

The data used in this research are mainly derived froma 

panel of consumers recruited by the Bureau of Labor 

Statistics. Individuals were given two diaries over a two week 

period and were asked to record all of their purchases of the 

everyday items. The diaries ware collected after each week of 

purchases were recorded by the consumers. The common problems 

of errors in exact recording of items and non-inclusion of 

items being purchased are to be acknowledged while 

interpreting the results of this analysis. The problems 
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discussed above regarding the entries in the diary are further 

compounded with the possible errors in coding the data before 

it is made available for public use. 

Suggestions for Future Research 

As noted previously in the Findings and Research 

Implications sections, this study has established that the 

AIDS model needs to be respecified when studying homogeneity 

of demand. However, as pointed out in the Limitations section 

above, testing the model at the individual brand level would 

be more beneficial to brand managers. Also, including 

additional variable of promotional activities, such as 

couponing and cents-off, would make the proposed methodology 

more valuable to the brand managers who are interested in 

monitoring the daily movements in sales of their brands among 

a set of competing brands. 

The model developed in this study is flexible enough to 

include the dynamic impact of advertising variable. The 

impact of past advertising on current consumption can be 

easily studied by applying the SAIDS model to the appropriate 

data. Further work on alternative dynamic advertising 

specifications may yield important insights into consumer 

behavior. 

The study of demand has been approached from many 

different perspectives and theoretical foundations. 

Researchers have analyzed demand from a number of different 
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approaches, such as neoclassical economic theory approach, 

random utility modeling approach, stochastic modeling 

approach, and ad_hoc fitting of sales response models. 

Although neoclassical economic theory provides a solid 

theoretical grounding for analyzing demand, it has fallen out 

of favor among researchers in the recent past. Neoclassical 

economic theory has often been criticized because of its lack 

of relevance and impractical results. A common complaint 

against neoclassical economic theory is it has too many 

assumption which are often regarded as unreasonable and 

unrealistic. Observed behavior is often shown to be different 

than the predictions from the neoclassical theory. Hence 

there is a tendency to reject the neoclassical economic theory 

as a foundation for demand analysis. 

The failure of observed behavior coinciding with the 

predicted behavior could be a result of the inappropriate use 

of the theory. When the underlying requirements of the theory 

are not met, the likelihood of observed behavior being 

inconsistent from the predicted behavior is higher. Results 

from this dissertation has shown that before completely 

rejecting the neoclassical economics theory, the validity of 

the assumptions on which it rests must be verified. Future 

research must be undertaken to build upon the vast body of 

knowledge grounded in the neoclassical economic theory but 

with the appropriate modification to the theory. 
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The approach taken in this study to study demand is one 

of the many approaches found in the literature. An 

alternative approach to study systems of demand is the 

Rotterdam approach presented by Theil (1980). The Rotterdam 

approach attempts to estimate demand without relying on the 

assumptions of the neoclassical economic theory of demand. It 

is mainly statistical in nature and avoids the premise that 

individuals exhibit utility maximizing behavior. As a matter 

of interest, future research must be undertaken to reconcile 

the separability results from this study with that of the 

Rotterdam approach. Such convergence of separability results 

will further validate the concept of mental accounts. A 

methodology to incorporate advertising in the system of demand 

equations under the Rotterdam approach is explored by Clements 

and Selvanathan (1988) and Vilcassim (1989). 

Another interesting direction for future research is to 

tackle the issue of money illusion at the segment level. The 

evidence of money illusion could be an artifact of aggregating 

different segments. The appearance of money illusion can be 

further explored among consumers belonging to different income 

and/or age groups. A related topic that warrants further 

investigation is the issue of existence of money illusion 

among or within mental accounts. Additional insights into 

consumers’ purchase behavior and product substitution patterns 

can be gained by comparing the degree of money illusion 
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between within and across accounts. 

Conclusion 

As explained in the Research Questions section in Chapter 

1, the primary thrust of this proposal was to test the 

homogeneity-of-demand assumption of the economic consumer 

demand theory. An important issue in this context is 

determining how the consumers’ income and the marketing mix of 

one product affects the demand for other related products. In 

other words, it was postulated that an individual’s 

consumption is sensitive to income and that individuals 

categorize their expenditures on the basis of the mental 

consumption accounts. 

The evidence from the applied economics literature 

suggested that the homogeneity-of-demand assumption is 

frequently rejected, indicating that consumers suffer from 

money illusion. One possible reason for the rejection of the 

homogeneity assumption is the ignoring of the marketing mix 

variables. The SAIDS model was developed by incorporating 

advertising variable in the demand system in a way which is 

consistent with the neoclassical economic theory. The 

apparent money illusion (rejection of homogeneity-of-demand 

assumption) was expected to be reduced, if not eliminated, by 

incorporating advertising in the demand function. 

Additionally, the SAIDS model developed in chapter 3 

provided a convenient way to determine consumers’ mental 
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accounts. Specifically, a test was provided to empirically 

segregate a group of products. The impact of changes in price 

and advertising of products which form this group was felt 

within this group only. The demand for products within the 

group remained unaffected by changes in price and advertising 

of products not contained in that group. To illustrate this 

point, the food products account was divided into two 

accounts, the fruit products account and other food products 

account, as shown in Figure 1 in chapter 4. The results f:rom 

the data analysis show that consumers’ demand for products is 

consistent within the empirically derived mental accounts 

within the fruit products category. The consumers exhibited 

three mental accounts within the fruit products category. They 

are: fresh fruits, processed fruits, and frozen fruits. The 

demand for products comprising these mental accounts is 

consistent with the economic theory of consumer demand. For 

instance, when the price of any product in the fresh fruits 

category changes, the demand for other fruit products remains 

unaffected except for the demand for fruit juices. In other 

words, any changes in the marketing mix variables for the 

fresh fruit products and fruit juices results in the 

substitution of other products within that category. The 

analysis is not restricted to the fruit products category and 

the various fruit products accounts as described in Figure l. 

It is conceivable that consumers have a different schema of 
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mental accounting as far as the fruit products are concerned. 

The determination of a different representation of competitive 

structure of products is limited only by the data 

availability. Moreover, the proposed methodology can be 

applied to test the existence of mental accounts within and 

between non-competing or non-comparable alternatives. 

Homogeneity is rejected due to the inclusion of products 

that are not supposed to be grouped together. When such 

products are grouped together, obviously the distribution of 

expenditure (budgeted) dollars is not going to be 

eguiproportionate. Thus before testing homogeneity, products 

should be carefully grouped to form a system of demand 

equations which includes only those products which are not 

separable from each other. Only nonseparable products ought 

to be included in the system which tests homogeneity. The 

rejection of homogeneity is as much a function of model 

specification as of inappropriate grouping of products. Lack 

of inclusion of pertinent variables in the demand system is 

one cause of the rejection of homogeneity of demand. Also, 

the products to be included in the system should be carefully 

selected. If we do not know of any natural groupings based on 

prior research or experience, we can identify the groupings by 

employing the test provided in this research. 

In summary, this research provided a possible explanation 

for the rejection of the homogeneity-of-demand assumption and 
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developed a framework to test this explanation. Additionally, 

this research provided a test to investigate the existence of 

mental accounts. These mental accounts provide a competing 

explanation for the rejection of homogeneity of demand 

property of neoclassical economic’ theory. The false 

appearance of money illusion is a result of analysis at the 

wrong level. Substantively, this research provided a tool to 

explore the competitive structure of the fruit products by 

relying on the theory of mental accounts. Thus, this 

dissertation has made useful theoretical and empirical 

contributions to the study of consumer behavior. 
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Fresh Processed Frozen 
Fruit mere Fruit 

} 

Canned Fruit 
Fruits Juices 

    
; | | 

Apples Bananas Oranges Other 
Fruit 

The above tree is a pictorial representation of the 
separability results shown in Table FS1 in Chapter 4. Under 
the AIDS model, only the shadowed products shown above are 
separable from each other. Specifically, only Fresh Fruit 
(individually and as a group) are separable from Canned 
Fruits. The pairwise tests of separability among all other 
categories of fruit products indicate that Fresh Fruit, Fruit 
Juices, Frozen Fruit and Processed Fruit are not separable 

from each other. Thus, under the AIDS model, changes in the 
price of Fresh Fruit has no impact on the demand for Canned 
Fruits. The Processed Fruit, Frozen Fruit and Fruit Juices 
act as potential substitutes when the price of Fresh Fruit 
goes up. The consumers appear to exhibit two accounts in 
which they allocate their expenditure on fruit products. One 
account is for expenditure on Canned Fruits and the other 
account is for expenditure on all other fruit products. 

Figure 2: 
Tree Representation of Mental Accounts among FRUIT PRODUCTS 
under AIDS. 
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The above tree is a pictorial representation of the 
separability results shown in Table FS1 in Chapter 4. Under 
the SAIDS model, the shadowed products shown above are 
separable from each other. Only Fresh Fruit (individually and 
aS a group) are not separable from Fruit Juices. The pairwise 
tests of separability among all other categories of fruit 
products indicate that Fresh Fruit, Canned Fruit, Frozen Fruit 
and Processed Fruit are separable from each other. Thus, 
under the SAIDS model, changes in the price of Fresh Fruit has 
no impact on the demand for Processed Fruit, Frozen Fruit or 
Canned Fruits. Only Fruit Juices act as potential substitutes 
when the price of Fresh Fruit goes up. The consumers appear 
to exhibit four accounts in which they allocate their 
expenditure on fruit products. One account is for combined 
expenditure on Fresh Fruit and Fruit Juices, and one account 
each for Processed Fruit, Frozen Fruit, and Canned Fruits. 

Figure 3: 
Tree Representation of Mental Accounts among FRUIT PRODUCTS 
under SAIDS. 
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.500 
85 
93 

106. 
.433 

99. 
105. 
116. 
103. 
109. 

333 

93 

116 
117. 

109 
119. 
130. 
155. 
117. 
128 
142 
146 

163 
134 
142 

127 

141 
163 

333 
167 
833 
900 

167 

867 
700 
800 
933 
267 

567 
.300 
033 
867 
300 
233 

.367 

.067 
-467 

106. 
115. 
123. 

.667 

.267 

.833 
143. 
147. 

.400 
135. 

.967 

.267 
148. 

900 
033 
833 

900 
767 

667 

933 

98 
102 
92 
91. 
96. 

118. 
114. 

. 300 94 
98. 

103. 
99. 
90. 

.433 

. 700 
102 
110 
98. 
88. 

101. 
117. 
101. 

.467 98 
105. 
107. 
102. 
101. 
115. 
128. 

.033 

.133 
115 
118 
121. 
149. 
128. 
125. 
140. 
138. 
145. 

. 300 128 

.333 

.267 

. 200 
533 
400 
600 
667 

867 
033 
800 
000 

200 
467 
933 
767 
900 

000 
167 
867 
667 
233 
567 

200 
300 
900 
767 
767 
200 
400 
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81 
98 

127. 

110 
78 
81. 
93. 
79 
81. 
98. 

140 
128. 
117. 
125. 
126. 
109. 
100 
105 
114. 
113. 
113 
124. 
156 
149. 
122 
139. 
159. 
156. 
128 
140 
166. 
152 
155. 
161. 
169. 
155. 

.567 

. 300 
600 

.267 
-467 
133 
400 

.567 
700 
933 

.433 
733 
600 
333 
800 
167 

.867 

.567 
000 
833 

.133 
667 

.633 
300 

.667 
900 
233 
567 

.600 

.267 
567 

.500 
500 
367 
900 
733 

95. 
105. 
99. 

-667 
92. 

100. 
106. 
96. 

-600 
.167 

90 

98 
104 
102. 

-567 
117. 
108 

123 
121. 
117. 
119. 

.633 

.233 
123. 

.533 

.667 
129. 
140. 

.567 
156. 

.067 

124 
121 

139 
148 

146 

153 

154. 
163. 

.367 
156. 

-767 
.033 

200. 
182. 

. 700 

163 

173 
197 

186 

133 
767 
300 

000 
733 
133 
167 

767 

733 
.367 
567 
000 
733 

067 

000 
000 

033 

967 
600 

967 

833 
767 

92. 
103 
106. 
94 
88. 
96. 

104 
91. 
94. 

103 
114. 
110 
114 
121. 
119. 
110. 
113. 
120. 
124. 
116. 
128. 
137. 
132 
129. 
132 
143 
150. 
145. 
148 
154. 
152 
154 
170. 
174. 
171. 
166. 

733 
-467 
833 

.233 
000 
733 

.133 

500 
933 

.100 
067 

.267 
-267 
033 
367 
400 
100 
600 
000 
900 
500 
833 

.467 
267 

.367 

.367 
400 
733 

.300 
067 

.367 

. 700 
933 
600 
600 
400 

182



YEAR 

Y82Q1 
Y82Q02 
Y8203 
Y8204 
Y83Q1 
Y83Q2 
Y83Q3 
Y8304 
Y84Q1 
Y8402 
Y8403 
Y8404 
Y850O1 
Y8502 
Y85Q3 
Y8504 
Y86Q1 
Y86Q2 
Y8603 
Y8604 
Y87Q1 
Y87Q2 
Y¥87Q3 
Y87Q4 
Y88Q1 
Y88Q2 
Y88Q3 
Y88Q04 
Y8901 
Y89Q2 
Y89Q3 
Y8904 
Y90Q1 
¥90Q2 
Y90Q3 
Y9004 
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CANNED 
FRUIT 

94 
95 
97 
97. 
98. 
99. 

100. 
100. 
102. 
104. 
105. 
104. 
105. 
105. 
107. 
107. 
107. 
107. 
108. 
108. 
109. 
110. 
111. 
111. 
113. 
114. 
115. 
116. 
117. 
119. 
120. 
120. 
121. 
121. 
122. 
122. 

.500 
~767 
.600 
700 
667 
067 
367 
600 
533 
067 
167 
000 
267 
733 
267 
300 
367 
533 
333 
100 
533 
867 
933 
633 
167 
833 
933 
333 
633 
100 
433 
100 
000 
100 
467 
367 

FRUIT PRICE DATA 

FRUIT 
JUICE 

97. 
96. 
96. 
97. 
97. 
97. 
96. 
97. 

-267 
106. 
107. 

-400 
110. 
111. 
111. 

-433 
.267 
. 300 

103. 
.433 

107. 
110. 
111. 

-400 
.233 

101 

108 

110 
108 
105 

104 

lil 

118 

124. 
-967 
.333 

126. 
.233 
.167 

124 
126 

126 
128 
127. 

-567 133 
143. 

.333 
140. 
144 

100 
800 
367 
067 
833 
100 
933 
333 

500 
267 

100 
900 
933 

967 

600 
100 
000 

067 

867 

400 

633 

567 

FROZEN 
FRUIT 

97. 
97. 
95. 

.433 
96. 

. 700 
-200 
.300 

96 

94 
94 
95 

102. 
109. 
110. 

.667 
-267 

110 
113 
115. 
114. 

.933 112 
107. 
101. 

.400 
99. 

.800 

98 

102 
105. 
106. 
106. 
116. 
123. 

.333 
-567 
.633 

123. 
.333 

122 
124 
124 

126 
124. 

.033 134 
146. 
146. 
139. 

900 
167 
667 

533 

033 
300 
067 

833 
867 

400 
500 

200 

667 
533 
933 
033 
000 

767 

900 

767 
500 
233 
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YEAR APPLES 

Y8201 
Y82Q02 
Y8203 
Y8204 
Y83Q1 
Y83Q2 
Y83Q3 
Y8304 
Y84Q1 
Y8402 
Y84Q03 
Y8404 
Y8501 
Y8502 
Y85Q3 
Y8504 
Y86Q1 
Y86Q2 
Y86Q3 
Y8604 
Y87QO1 
Y87Q2 
Y87Q3 
Y8704 
Y88Q1 
Y88Q2 
Y88Q3 
Y88Q4 
Y8901 
Y89Q2 
Y89Q3 
Y8904 
Y90O1 
Y90Q2 
Y90Q3 
Y90Q4 

1116. 
459. 
16. 

894. 
14. 

154. 
63. 

810. 
53. 
50. 

28. 
1189. 
1043. 

57. 
10. 
71. 

1430. 
193. 

1097. 
1075. 

52. 
580. 
461. 
555. 
18. 

3649. 
27. 
45. 
32. 

200. 
2587. 
1468. 

10. 
1809. H

P
O
B
R
H
D
O
U
B
P
Q
O
W
W
H
A
H
N
O
Y
H
E
A
D
A
H
F
P
 

O
P
 
O
H
L
A
K
H
D
N
A
W
A
I
A
O
N
A
N
E
F
A
S
A
 

BANANA 

71. 

50. 
296. 
66. 
23. 

122. 

1115. 
412. 
269. 
69. 

3859. 
433. 

2496. 
178. 
524. 
69. 

239. 
2294. 
6136. 

82. 
64. 
50. 

133. 

66. 
940. 

1125. 
210. 
77. 

2179. 
4371. 
2405. 
5345. A

D
Y
O
H
D
U
V
U
N
A
R
P
O
F
P
H
P
W
O
N
O
 

YH 
Y
N
H
R
U
D
O
T
D
Y
H
 
H
B
O
W
W
P
F
P
Y
O
H
D
W
U
O
U
R
F
 

FRUIT ADVERTISING DATA 

ORANGE OTHER 

2168. 
1602. 

1. 
43. 

900. 
1301. 
1606. 
488. 
510. 

1519. 
1308. 
130. 
570. 

1308. 
761. 

1029. 
499. 
928. 

1477. 
572. 
2229. 
5994. 
2234. 
894. 

1367. 
1635. 
2198. 
3702. 
2248. 
1406. 
625. 
579. 
3980. 
1918. 
3375. 

35. 
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W
O
H
R
U
A
T
O
U
B
O
N
D
W
A
R
H
R
r
F
O
W
N
W
U
p
o
O
o
r
P
R
W
O
D
W
H
 

K
E
 
F
O
W
O
 

FRUIT 

1108. 
1471. 
3118. 
2931. 
380. 
639. 
979. 

3902. 
3761. 
1691. 
1296. 
1762. 
745. 
550. 

5990. 
591. 

8700. 
1529. 
1325. 
4494. 
1757. 
304. 

2044. 
3638. 
3990. 
3629. 
5105. 
1799. 
4953. 
1163. 
1593. 
2860. 
2296. 
2441. 
3273. 
3783. P

H
R
O
U
U
O
H
 
D
O
O
 
Y
I
N
D
A
N
W
U
P
O
D
M
A
T
I
V
O
N
D
O
H
 

NY
 
~
T
O
N
 
~
T
~
I
b
 
~
J
 

CANNED FRESH 
FRUIT 

4307. 
3558. 
3342. 
9836. 
1504. 
1034. 

71. 
264. 

2729. 
48. 

437. 
1599. 
654. 
103. 

1714. 
1224. 
2465. 
1647. 

58. 
1191. 
130. 

1112. 
380. 
154. 
293. 

1483. 
437. 

2252. 
275. 

1520. 
85. 

1431. 
809. 
170. 
474. 

6507. H
W
E
 
U
N
 
O
M
D
M
W
O
K
D
N
A
P
F
P
U
O
 

H
E
 
A
I
M
H
P
W
O
P
R
N
D
A
N
U
N
N
O
H
W
Y
W
A
M
D
M
W
R
A
U
P
E
H
 

FRUIT 

10811. 
8174. 
9629. 
8001. 
4090. 
446. 

1520. 
8960. 
4893. 
1448. 
1907. 
5332. 
4381. 
3095. 
1256. 
5004. 
3245. 
1237. 
112. 

7820. 
3858. 
716. 

1227. 
3063. 
5686. 
1985. 
1782. 
9267. 
6436. 
1844. 
3400. 
9837. 
2204. 
618. 
143. 

39586. P
A
W
E
H
F
O
N
N
A
U
W
O
H
D
O
Q
O
U
W
U
N
W
W
T
O
W
U
O
M
H
W
T
A
T
U
O
M
N
O
D
O
O
I
O
N
 

U
 
~
)
 
~
 

FROZEN 
FRUIT 

6062. 
6673. 
2596. 
1854. 
7834. 
9994, 
5452. 
8967. 
9185. 

11909. 
12990. 
16983. 
11842. 
9570. 
6350. 

17332. 
13077. 
5141. 

12035. 
13554. 
13799. 
14322. 
15522. 
15708. 
25021. 
9696. 

14213. 
17526. 
19380. 
28449. 
19375. 
15121. 
21288. 
19930. 
18888. 
6795. 

W
U
H
N
O
T
W
W
 

AR 
D
O
H
O
K
P
U
M
W
O
A
T
D
T
M
N
W
O
U
W
W
T
O
F
P
 

O
W
 
W
M
A
N
N
O
D
O
U
O
N
F
H
P
H
P
W
O
W
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Models for Testing Homogeneity 
Category: Alcoholic Beverages and Cigarettes 

Products Tested: Beer, Liquor and Wine 

AIDS 

Wheer ~ “beer * Y beer, beer+ OFPheer + Ybeer, Ligr + OFP 1 igr + Y beer, wine+OFPyine 

M 
+ Breer Log (5) 

Wliar = Gt igr + ¥ Ligr,beer+OSPbeer + Y¥igr, LiqrtOSP tiger + ¥ Ligr, winet OGPyine 

M 
+ Biigrlog (=) 

Wine = Swine + Y wine, beer +O9Ppeer + Yuine, tiqr+O9P tigr + Ywine, winel OFPyine 

M 
+ Byinelog ( Pp ) 

where M = Expenditure on beer, liquor, wine, and 

P= Woeer : LODPpeer + Wrigr: LOSPtigr + Wine: LO9Pyine 
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Models for Testing Homogeneity 
Category: Alcoholic Beverages and Cigarettes (Continued) 

Products Tested: Beer, Liquor and Wine (continued) 

SAIDS 

Pheer ) + Ybeer, Liqr OF ( Pliagr ) 

Abeer Aligqr 

M 
) + Breer Log ( 3p? 

    Wbeer = “beer + Ybeer, beer LOG ( 

Pwine log (   + Ybeer, wine ; 
wine 

Pligr ) 
    
Peer ) + ¥ Liar, LiqrL OF ( Witagr = &iage + VG log ( liqr Liqr Liqr, beer 
Abeer Atigr 

  

    

Pui M 
* Ytigr,wineL Og ( —=) + Bi igrtog (5) 

wine 

Pb Pui 

Wwine = Swine * Yuine, beer LOG ( =) + Ywine, LiqrLOP | =) 
eer iqr 

Pwi M 
+ Ywine,wineLO9 ( —~) + BuineLOS (5) 

wine 

where M = Expenditure on beer, liquor, wine, and 

P= Woeer - LODPbeer + Wrigr > LOSPtigr + Wwine- LOGPyine + Weigs: LOFPcigs 
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Models for Testing Homogeneity 
Category: Alcoholic Beverages and Cigarettes (continued) 

Products Tested: Alcoholic Beverages (as a group) and 
Cigarettes 

AIDS 

M 
Watc = Gate Tt Yalc,alct9Patc + Yatc,cigt°9Peig + Barclog (5) 

M 
Weig ~ “cig + Ycig,atctOSPatc + Ycig,cigtOSPcig + Beighog (5) 

where M = Expenditure on alcoholic beverages, cigarettes and 

Pp = Waic . 1O9PatctWeig . LOgP gig 

    

    

SAIDS 

Wale ~ ate * Yalc,aleLO9 ( ac) + Yatc,cigt OP ( cus) + Bap-log (=) 
Aalc Acig Pp 

Pal Pej M 
Weig = QXeig + Ycig,atclOd ( —) + Yeig,ciglOd | ) + Beighog (=) 

ale cig 

where M = Expenditure on alcoholic beverages, cigarettes and 

P = Wate: logPaictWeig . 1O9P¢ig 
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Models for Testing Homogeneity 
Category: Alcoholic Beverages and Cigarettes (continued) 

Products Tested: Individual Alcoholic Beverages (Beer, Liquor, 
and Wine) and Cigarettes 

AIDS 

Wheer ~ “beer tT Ybeer , beer + OSPpeer + Ybeer, tigrLOSPtigr + Ybeer,winetOSPwine 

M 
+ Y beer, cigst OP cigs + Breer LOG ( 5) 

Wliar = Gligr + Y Ligr,beer-+OSPbeer + ¥ tigr, tiqr+O9P tigr + ¥ tigr, winet ODPwine 

M 
+ YV tigr, cigs! OFPcigs + Biigrtog (=) 

wine + Y wine, beer + OFPpeer + Ywine, Liqr+O9P tigr + Ywine, wineLOFPwine 

M 
+ Ywine,cigst O9Pcigs + Byinelog (5) 

wine 

cigs + Ycigs,alc/O9Pbeer + Ycigs, tigr+ SP Ligr + Ycigs,winetOGPwine 

M 
+ Ycigs,cigst ODP cigs + Beigslog (5) 

cigs — 

where M = Expenditure on beer, liquor, wine, cigarettes and 

P= Wheer - LODPheer + Weigr: LODP Liar + Wwine: LO9Pwine + Weigs - LOD cigs 
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Models for Testing Homogeneity 
Category: Alcoholic Beverages and Cigarettes (continued) 

Products Tested: Individual Alcoholic Beverages (Beer, Liquor, 
and Wine) and Cigarettes (continued) 

SAIDS 

Pbeer Pliar ) 
    ) + Ybeer, Ligr LOG ( a 

beer liqr 

) + Yoeer,cigsLog (£1) + Byeerbog (5) 
wine cigs 

Wbeer = “beer + Ybeer, beer LOG ( 

Pwine Peigs 
  

  log ( + Ybeer, wine 

Pheer 
    

Pliagr ) 
Wligr = “tigr * ¥ Ligr beer LOG ( ) + Y tiar, Liqrt OP ( 

Abeer Atigr 

Peigs + Bi igri og ( Log ( Paine) + Yligr,cigstO9 ( 
wine cigs 

  

  

+ Ytigr,wine t
o
l
 = 

Pheer Pligr 
Wwine ~ & ) log (     wine + Ywine, beer ) + Ywine, tigrt OG 

beer Atiar 

) + Yuine,cigstO9 | ) + ByinelLog 
wine cigs 

Pwine Peigs log ( )     

rg
 

"= 

+ Ywine,wine 

p Ww beer 
    

Pliar 
) + Y cigs, liqr LO ( a ) 

beer Liqr 

Pwine 
+ Ycigs, wine OG (_——) + Ycigs,cigstO9 ( 

wine cigs 

cigs ~ “cigs + Ycigs,atcLOg ( 

Peigs 
  

M 
) + Beigslog ( p) 

where M = Expenditure on beer, liquor, wine, cigarettes and 

P= Woeer - LO9P beer + Wrigr: LOSPtigr + Wuine* LOFPwine + Weigs: LO9Pcigs 
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Models for Testing Homogeneity 

Category: Fruit Products 

Products Tested: Apples, Bananas, Oranges, Other Fruits 

AIDS 

Wappl = Gappl + Y appt, appt LOF (Pappt) + Y appt, banat OF (Ppana? 

+ Y appt ,orngt OF (Porng? + Yappt,othrLO9 (Poth? 

+ Bappi log (M/P) 

Woana = “bana * Ybana, appt +OF (Pappi} + Y bana, banal OF (Ppana? 

+ Ybana,orngl OS (Porng) + Ybana, othr£°OS (Pothr) 

+ Branalog (M/P) 

Worng = “orng * Yorng, appt + OF (Pappi} + Y orng, banal OF (Ppana? 

+ Yorng, orngt OF (Porng) + Yorng, othr+O9 (Pothr?) 

+ Bopnglog (M/P) 

Wothr = %othr + Yothr, appt -OS (Pappt ) + Yothr, banal OF (Pbana) 

+ Yothr,orngt OS (Porng) + Yothr,othr+O9 (Pothr) 

+ Borngl OS (M/P) 

where M = Expenditure on apples, bananas, oranges, other 
fruits and 

P = Wappt . log (Pappt ) + Wpbana- log (Pana? + Worng ° log (Porng) 

+ Wothr - log (Dothr) 
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Models for Testing Homogeneity 
Category: Fruit Products (continued) 

Products Tested: Apples, Bananas, Oranges, Other Fruits 

    

    

(continued) 

SAIDS 

Pappl Pbana 
Wappl = “appt + Yappt,appt Og ( sel + Yappt, banal Og ( a 

Porng Pothr 

+ Yappt,orngl Og ( me. + Yappt,othrLOg ( a 

M + Bappi Log ( 5) 

    

Pappt Pbana 
Wbana ~ &bana + Ybana, appt LOg ( A > + Ybana, banal OF | Ap ) 

app ana 

Porng Pothr 

+ Y bana, orngl OF ( ) + Ybana, othr LOg ( ) 

  

  

orng othr 

M 
+ BranalLog ( Pp ) 

    

    

_ ‘ Pappt Pbana 
Worng ~ Qorng + Yorng, appt LOg ( ) + Yorng, banat Og ( a ) 

appl bana 

Porng Pothr 
+ Yorng,orngl Og ( ) + Yorng,othrlLOg ( A ) 

orng othr 

M 
+ Borngt Og ( P ) 

    

  

_ Pappl Ppana 
Wothr ~ “othr * Yothr, appt LOg ( a e ) + Yothr,banalOg ( a ) 

appl bana 

p Poth 
+ Yothr,orngLog (—") + Yothr,othrlOg ( — ) 

orng othr 

+ Bomglog (E) orng g P 

where M = Expenditure on apples, bananas, oranges, other 
fruits and 

P = Wappt . log (Pappt) + Whbana- log (Ppana) + Worng . log (Porng? 

+ Wothr . log (Dothr? 
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Models for Testing Homogeneity 
Category: Fruit Products (continued) 

Products Tested: Fresh Fruits and Fruit Juice 

AIDS 

Wéresh = “fresh + Yfreshs fresh LO (Péresh) 
fruit fruit fruit fruit fruit 

+ Vereshs fruitLOg (PFruit) + Béreshlog (M/P) 
fruit juice juice fruit 

Weruit = fruit + Yfruits freshlLO9J (Peruit) 
juice juice juice fruit juice 

+ V¢ruity fruitLOg (Ptruit) + Beruirlog (M/P) 
Juice juice juice juice 

where M = Expenditure on fresh fruits as a group, fruit juice 
and 

P = Wéresh- LOD (Déresh) + Weruit- LOD (Péruit) 
fruit fruit juice juice 

SAIDS 

Wfresh = Ofresh + Yfreshs freshtOg | (Pfresh) )/ (fresh) 1 
fruit fruit fruit fruit uit frui 

+ Yereshy fruitLO [ (Péruit) / ( ateure) )) + BrresnlOg | (M/P) 
fruit juice juice juice fruit 

Weruit = &fruit + Véruits freshLO9 [ (Péresh) / (A¢resh? | 
juice juice juice fruit fruit fruit 

+ Veruits fruit LOg [ (Péruit) / (Agruit) ] + Beruit log (M/P) 
juice juice juice juice juice 

where M = Expenditure on fresh fruits as a group, fruit juice 
and 

P = Weresh- LOD (Ptresh) + Wtrozen- LOG (Ptrozen) 
fruit fruit fruit fruit 
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Models for Testing Homogeneity 
Category: Fruit Products (continued) 

Products Tested: Fresh Fruits and Frozen Fruit 

AIDS 

Wtresh = &fresh + Yfreshs fresh LOG (Déresh) 
fruit fruit fruit fruit fruit 

+ Vfresh+ frozentOG (Dérozen) + Béreshlog (M/P) 
fruit fruit fruit fruit 

Wfrozen = @frozen + Yfrozen: fresh LOG (Péresh) 

fruit fruit fruit fruit fruit 

+ ¥ frozen: frozenLOg (Dfrozen) + BérozenLOg (M/P) 

fruit fruit fruit fruit 

where M = Expenditure on fresh fruits as a group, frozen juice 
and 

P = Weresh- LOG (Péresh) + Werozen- LOG (Pérozen) 
fruit fruit fruit fruit 

SAIDS 

Wfresh = @fresh + Yfreshs freshlO9Q [ (Péresh) / (Aéresh) | 
fruit fruit fruit fruit fruit fruit 

+ Vtreshs frozentOJ [ (Pfrozen) / (Atrozen) ] + Btreshlog (M/P) 
fruit fruit fruit fruit fruit 

Wfrozen = @frozen + Yfrozens freshlog | (Déresh) / (Aftresh) ] 

fruit fruit fruit fruit fruit fruit 

+ Vérozens frozen Og [ (Ptrozen) / (Atrozen) 1 + BérozenLOg (M/P) 
fruit fruit fruit fruit fruit 

where M = Expenditure on fresh fruits as a group, frozen juice 
and 

P = Wéresh- LOG (Déresh) + Werozen- LOD (Ptrozen) 
fruit fruit fruit fruit 
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Models for Testing Homogeneity 
Category: Fruit Products (continued) 

Products Tested: Processed Fruits and Frozen Fruit 

AIDS 

Wprocsd = &procsd + Yprocsd, procsdL OG (Pprocsd) 
fruit fruit fruit fruit fruit 

Yprocsds frozenLOg (Ptrozen) + Bprocsal Og (M/P) 
fruit fruit fruit fruit 

+
 

Wérozen = frozen + Yfrozens procsdL OG (Pprocsd) 
fruit fruit fruit fruit fruit 

+ Y¥frozen: frozenLOg (Ptrozen) + BrrozenLOog (M/P) 

fruit fruit fruit fruit 

where M = Expenditure on processed fruits as a group, frozen 
fruit and 

P = Worocsd- LOD (Pprocsd) + Werozen- LOG (Pfrozen) 
fruit fruit fruit fruit 

SAIDS 

Wprocsd = &procsd + Yprocsd: procsdl Og [ (Pprocsa) / (Aprocsa) ] 
fruit fruit fruit fruit fruit fruit 

+ Yprocsds frozenlLog [ (Dérozen) / (Afrozen) ] + BorocsdL Og (M/P) 
fruit fruit fruit fruit fruit 

Wérozen = &frozen + Yfrozens procsdlOg [ (Pprocsa) / (Aprocsd) J 
fruit fruit fruit fruit fruit fruit 

+ Yfrozenr frozenLOG [ (Pfrozen) / (Afrozen) ] + BtrozenLog (M/P) 
fruit fruit fruit fruit fruit 

where M = Expenditure on processed fruits as a group, frozen 
fruit and 

P= Wprocsd : log (Pprocsd) + Wtrozen : log (Dérozen) 
fruit fruit fruit fruit 
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Models for Testing Homogeneity 
Category: Fruit Products (continued) 

Products Tested: Processed Fruits and Fresh Fruits 

AIDS 

Wprocsd = &procsd + Yprocsd: procsdLOg (Dprocsd) 
fruit fruit fruit fruit fruit 

+ Yprocsd: freshLOG (Déresh) + BprocsdLOg (M/P) 
fruit fruit fruit fruit 

Wfresh = &fresh * Y fresh procsdL OJ (Pprocsd) 
fruit fruit fruit fruit fruit 

+ Vtresh: freshLO9 (Ptresh) + Béreshlog (M/P) 
fruit fruit fruit fruit 

where M = Expenditure on processed fruits as a group, fresh 
fruit and 

P = Worocsd- LOG (Dprocsd) + Weéresh- LOG (PFresh) 
fruit fruit fruit fruit 

SAIDS 

Wprocsd = “procsd + Yprocsds procsdlOg [ (Pprocsd) / (Aprocsd) J 
fruit fruit fruit fruit fruit fruit 

+ Yprocsds freshlLOG [ (Péresh) / (Atresh) ] + Bprocsa log (M/P) 
fruit fruit fruit fruit fruit 

Wéresh = fresh + Yfreshs procsd LOG [ (Pprocsa) / (Aprocsd) ] 
fruit fruit fruit fruit fruit fruit . 

+ Yfreshs freshlLOG [ (Déresh) / (Atresh) ] + Btreshlog (M/P) 
fruit fruit fruit fruit fruit 

where M = Expenditure on processed fruits as a group, fresh 
fruit and 

P = Wprocsd- LOD (Pprocsa) + Weresh- LOG (Déresh) 
fruit fruit fruit fruit 
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Models for Testing Homogeneity 
Category: Fruit Products (continued) 

Products Tested: Processed Fruits and Fresh Fruits 

AIDS 

Wprocsd = &procsd + Yprocsd- procsdLOg (Pprocsd) + Yprocsds freshLO9 (Pfresh) 
fruit fruit fruit fruit fruit fruit fruit fruit 

+ Borocsa log (M/P) 
fruit 

Wfresh = fresh + Y fresh» procsdLOJ (Dprocsd) + Ytresh freshLOG (Presh) 
fruit fruit fruit fruit fruit fruit fruit fruit 

+ Béreshnlog (M/P) 
fruit 

where M = Expenditure on processed fruits as a group, fresh 
fruit as a group and 

P = Wprocsd- log (Dprocsa) + Weéresh- Log (Ptresh) 
fruit fruit fruit fruit 

SAIDS 

Wprocsd = &procsd + Yprocsd: procsdL Og [ (Dprocsa) / (Aprocsd) J 
fruit fruit fruit fruit fruit fruit 

+ Yprocsds freshLOQ | (Dfresh) / (@tresh) ] + Bprocsdl OG (M/P) 
fruit fruit fruit fruit fruit 

Wéresh = &fresh + Yfresh+ procsdlOg [ (Dprocsa) / (Aprocsa) | 
fruit fruit fruit fruit fruit fruit 

+ Vtreshs freshLOD [ (Peresh) / (Atresh) ] + Brreshlog (M/P) 
fruit fruit fruit fruit fruit 

where M = Expenditure on processed fruits as a group, fresh 
fruit as a group and 

P = Worocsd- LOD (Pprocsad) + Weresh- LOG (Dfresh) 
fruit fruit fruit fruit 
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