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Stellingen

. Het eerste orde Markov model biedt geen goede beschrijving van de

werkelijke merkkeuzeprocessen voor frekwent gekochte consumenten-
produkten. (Dit proefschrift).

. De bewering van Kotler en Zaltmann: ‘In the hands of its best

practitioners, marketing management is applied behavioral science’
doet tekort aan de belangrijke plaats die de ekonomie en de wiskunde
in het interdisciplinaire vak marktkunde innemen. (Kotler, P. and
(. Zaltmann, ‘Social Marketing: An approach to planned social change’, Journal
of Marketing, vol. 35, July 1971, pp. 3-12.)

Een belangrijke belemmering voor het voeren van een effektieve
merkenpolitick door afzetcodperaties van landbouwprodukten is
gelegen in het feit, dat de beslissingen ten aanzien van de verschillende
elementen van de marketing mix veelal worden genomen door een
groot aantal verschillende ondernemingen en instellingen.

Aangezien ook tegen een houtprijs, die een veelvoud is van de huidige,
de houtproduktie in Nederland nog niet rendabel is, kan de behoefte
aan hout niet meer dan een bijkomstig argument zijn in een pleidooi
voor uitbreiding van het bosareaal in ons land. (Beleidsprogramma voor
bosinstandhouding en bosuitbreiding in Nederland, Bosschap, 1974.)

. Er moet worden gevreesd, dat na een eenmalige aanpassing van de

landbouw volgens het systeem van Direkte Inkomens Toeslagen,
waarbij niet wordt voorzien in een betere onderlinge codrdinatie
van produktie- en afzetbeslissingen en een afstemming daarvan
op de vraag, zich opnieuw het overschottenprobleem zal voordoen.
(J.F. van Riemsdijk, Direkte Inkomenstoeslagen voor de landbouw, Instituut voor
Onderzoek van Overheidsuitgaven, *s-Gravenhage 1973.)
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. De bewering, dat de eeg-landbouwpolitick protectionistisch zou zijn

en zou leiden tot kunstmatig hoog gehouden prijzen van levensmid-
delen, verliest aanzienlijk aan overtuigingskracht door de in het
afgelopen jaar opgetreden situatie, waarbij voor een aantal landbouw-
produkten prijzen in stand zijn gehouden, op een nivean aanmerkelijk
lager dan de wereldmarkt.

. De in de marketing literatuur wel voorkomende omschrijving van de

methode van hoofdcomponentenanalyse als een vorm van [Factor-
analyse is verwarrend. (Green, P.E. and D.S. Tull, Research for Marketing
Decisions, Ch. 12, Prentice Hall, Englewood Cliffs, N.J_, 1970.) (Multivariate
Analysis in Marketing: Theory and Application, D.A. Aaker (ed.), Wadsworth
Publishing Company Iac¢,, Belmont (Cal.), 1971.)

. De mogelijkheden, die het publiek heeft, om tegen ongewenst geachte

reclame-uitingen te protesteren, dienen meer bekendheid te krijgen.

. De bewering, dat een voorigezette stijging van het aandeel van het

wetenschappelijk onderwijs in de rijksuitgaven viteindelijk zal leiden
tot een overheidsbudget dat volledig door het wetenschappelijk
onderwijs in beslag wordt genomen is even triviaal als de stelling dat
een voortdurende stijging van het percentage bejaarden in ons land
zal resulteren in een bevolking die louter uit grijsaards bestaat.

Wanneer Jacobi bij het ontwerpen van zijn algorithme voor het
bepalen van de eigenvectoren van een symmetrische matrix gepreoc-
cupeerd was geweest met de vraag in hoeverre zijn aktiviteit het
menselijk en maatschappelijk welzijn bevorderde, hadden wij thans
niet beschikt over een methode die zeer nuttig is bi) het analyseren
van sociale en maatschappelijke problemen. (C.G.J. Jacobi, Uber ein
leichtes Verfahren die in der Theorie der Sicularstdrungen vorkommenden Glei-
chungen numerisch auf zu 18sen. Crelle’s J. 30, 51-94, 1846.)

Er dient een landelijke regeling voor de subsidi€éring van peuterspeel-
zalen te komen, waarmee een cinde komt aan de thans bestaande
sitnatie dat in gemeenten, waar de plaatselijke overheid niet tot
financi€le steun bereid is, met name kinderen van minder gefortu-
neerde ouders niet in staat zijn deze voor hun ontwikkeling nuttige
speelzalen te bezoeken.

De stelling ‘Demokratie kost tijd’ mag niet worden omgekeerd in die
zin, dat de vele tijd die aan instellingen van wetenschappelijk onder-
wijs wordt besteed aan vergaderingen en discussies, bij deze instel-
lingen ook een grote mate van demokratie teweeg zou brengen.

Proefschrift B. Wierenga, An Investigation of Brand Choice Processes, 10 mei 1974,
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I. Brand loyalty and brand choice
processes: An introduction to the study

1.1 THE PHENOMENON OF BRAND LOYALTY

An important aspect of the buying behavior of a consumer making
succesive purchases of a certain product is the brand, which is chosen at
the consecutive purchase occasions. Generally, more than one brand is
offered of the same product within a given product field, and a buyer has
to choose one of these brands at the moment of purchase. It may be
expected that this is not a random choice from the alternatives available,
because the various brands of the same product will differ more or less
from each other in the eyes of the consumer. One indication of this is the
widely-spread use of brands in marketing policy nowadays. If the brands
were all the same to a consumer, all efforts of manufacturers and retailers
to give their product its own identity via a brand and accompanying
marketing activitics would be in vain., The fact that a great many pro-
ducts today, consumer goods in particular, are sold as branded products,
shows the great confidence placed in the effectivily of branding as a tool
for marketing policy.

Amongst the first to publish research results, showing that consumers do
not choose a brand at random but that — for a certain consumer — different
brands have different probabilities to be bought, were Brown (1952) and
Cupningham (1956). Cunningham, using data from a consumer panel,
calculated for every family in the panel the percentage represented by the
most favored (= most bought) brand in the purchases of various products
during 3 years. For the seven products studied, he found that individual
households bought the favorite brand much more frequently than would
be expected under the assumption of a random choice from the brands
available.

For every family there is usually one brand (sometimes more than one)
which has a rather high probability of being chosen on a purchase
occasion, while for other brands this chance is low, perhaps almost zero,
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In general, the brand chosen at many previous purchase moments has a
high probability of being bought again on subsequent occasions.

So one often stays with the same brand for quite a number of purchases,
and to cover this phenomenon the term brand loyalty has come into use.

There is not one exclusive measure of brand Joyalty, The quantity,
calculated by Cunningham i.e., the percentage in the purchases repre-
sented by the most favored brand, seems to be a quite natural measure,
but there are other possibilities, e.g., the percentage in the purchases
represented by the first and second favored brand together, or: the num-
ber of different brands bought during a certain number (e.g. 100) of
purchase occasions, etc.

Following the work of Brown and Cunningham a number of studies
on brand loyalty appeared. In these studies attention was especially paid
to the question of whether or not there are general factors which deter-
mine the degree to which a consumer is brand loyal. We will return to
this subject in chapter 8.

1.2 THE BRAND CHOICE PROCESS

The notion of brand loyalty, dealt with in the previous section, has the
character of a summary measure. After a family has completed a sequence
of purchases, a quantity can be computed that measures the family’s
brand loyalty. As noted above, such a measure is not unique.

Such kinds of brand choice measures are derived from the brand
choice process. Here we define a brand choice process as: the consecutive
buying of certain brands of a product by a consumer. It i3 this brand choice
process which forms the subject of study in this book.

Generally consumer behavior is not deterministic. At a purchase
moment each brand has a certain probability of being chosen, and we can
speak about the probability distribution over the various brands. Brand
choice processes are essentially stochastic processes. Let {X,} represent
the brand choice process of a certain consumer for a certain product,
where X, denotes the brand chosen on purchase occasion . (A purchase
occasion occurs every time the consumer makes a purchase of the product
under study, irrespective of the brand chosen; more generally, such an
occasion can be called a response occasion.) When there are m different
brands in a particular market and the brands are represented by the
numbers 1 to m, the state space, the values X, can take, is the set of
numbers 1 to m; ¢, the indexing number of the purchase occasions, can take
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the values I, 2, 3, ... So the brand to be chosen at a purchase occasion is
a random variable and the brand choice process {X,} is a stochastic
process with a discrete state space in discrete time. The probability that
brand # will be chosen at purchase occasion £, given the brands chosen at
the & previous occasions, can be noted as follows:

Prob (X, =%, g, Xozs ooes Xy—p) (1.

In real market situations m can be a rather big number (e.g. greater than
100). It is clear that in empirical research one must condense the state
space of the process by combining the brands into a smaller number of
classes.

For practical applications (1.1) is too general and one has to specify
the way in which the probability of buying a certain brand depends on the
purchase history and which part of the purchase history is relevant to this
probability, The various brand choice models developed in marketing
literature represent such specifications. As an example here we will
briefly discuss the Markov Model, which has received much attention
over the years.

Markov processes constitute an important class of stochastic processes.
Like other social phenomena such as voting behavior and social mobility
(see Coleman (1965)), brand choice behavior seems to be suitable for
description by a Markov model. The characteristic feature of a Markov
process is, that the probability distribution over the state space at a
certain response occasion, depends only on a limited number of previous
realisations of the process. In brand choice terms: the probability that a
certain brand will be chosen at a given purchase occasion depends only
on the brands chosen at the recent purchase occasions. For instance for
a so-called first order Markov process the probability distribution of X, is
conditional only on the realisation of the process at (r—1), i.e.

Prob (X, =i|x,_1, X4z, ...)=Prob (X, =1i]x,_,) i=1,...m)
In the sixties quite a number of papers appeared which treated the brand
choice process within a Markovian framework. We will discuss this
approach more extensively in chapter 3, where the Markov Model will

be treated as one of a number of different brand choice models, amongst
which the so-called Linear Learning Model will also be included.

1.3 SCOPE OF THE STUDY

In this study, the subject of research is the brand choice process. For this
investigation the structure of the purchase histories of consumers is
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studied. These purchase histories are realisations of the brand choice
process. It can be said that the purchase histories reflect the brand choice
process by which they were brought about. Here the concept structure
points to the configuration of the different brands in a purchase history.
The characteristics of a brand choice process, e.g., the relative frequency
of a certain brand in the purchase history, the number of transitions to
another brand, the number of times the same brand is consecutively
bought, etc. refer to the structure of the purchase history. These charac-
teristics give information about the brand choice processes, which produce
the purchase history.

One way of studying brand choice processes is to formulate mathema-
tical models — stochastic in nature of course — which represent certain
assumptions about the underlying mechanism of the brand choice process,
and then to examine in how far these models give a good description of
empirical brand choice processes.

Generally, different brand choice models have different implications for
the structure of the resulting purchase histories and the fit of a specific
brand choice model to an empirical brand choice process gives informa-
tion about the structure of the purchase histories studied. A part of this
book, namely chapters 3 to 5, is dedicated to this kind of model approach.

A drawback of this approach is, however, that with the present state
of the art of brand choice models one is mostly forced to condense the
markets under study to two-brand markets so that only a summarized
form of the original brand choice process can be studied.

Another possibility is to omit the formulation of exact models and
just observe what happens in a brand choice process. In this way the
attempt can be made to answer questions like: how many brands are
involved in a brand choice decision? do consumers rather straight-for-
wardly switch from one brand to another? do they exhibit search beha-
vior, etc. This method of studying the brand choice process has the
advantage that it requires less condensation of the original processes, It
can act as a supplement to the model approach and this is the method
followed in chapter 6, where the poolsize approach is treated.

In the general formulation (1.1) it is assumed that the probability of
choosing a particular brand depends only on the purchase history of a
consumer. Obviously, however, the brand choice process does not take
place in isolation but within a certain environment. A consumer makes
his purchases in certain shops, has certain time intervals between succes-
sive purchases and is exposed to the marketing policy of the various sellers,
which implies certain prices and certain levels of advertising and other
promotional activity for the different brands. In chapter 7 the influence
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of these environmental variables — as we call them — on brand choice
will be examined.

Finally, it is interesting to know if different households have different
types of brand choice processes. To this end the relationships between
characteristics of the brand choice process and household variables
(socio-economic and purchase variables) will be examined in chapter 8.

For the investigation the purchase histories of 600-1100 families, all
members of a consumer panel, were used. The purchases of 3 different
products — frequently purchased consumer goods — over a period of 2
years were studied.

The following limits were set to the study.

The prime interest was in brand choice; inter-purchase times (times
between subsequent purchases) were only considered to see if they had
a bearing on brand choice.

The behavioral manifestation of brand choice was studied, not the
underlying state of mind of the consumers making the subsequent brand
choices. Note that the definitions of brand loyalty and brand choice
process in the preceding sections are behavioral: they look at the behavior
which is observed, not at the mental state behind it.

Of course the psychological workings of the consumer, which lie behind
his observable behavior, is important. For example Nicosia (1966), Engel,
Kollat & Blackwell (1968) and Howard & Sheth (1968} have built models
in which the psychological processes assumed to underly purchasing
behavior are described in detail. These models are of a high degree of
complexity however, and require very detailed observations of the buying
process for their validation. In the current state of brand choice research,
such models have the important merit that they offer a framework for
thinking about buying behavior.

With respect to the marketing-relevance of this study the following can
be remarked. It is clear that knowledge about brand choice processes
is important from the marketing point of view. To implement a marketing
policy for a product, a company should be aware of the position of its
brand vis-a-vis other brands in the market. For example, it is important
to know if there is a process working which might eventually lead to an
unfavorable position of the own brand in the market. When we can
adequately describe the brand choice process by a certain model, an
unfavorable development can be detected quite carly by calculating the
equilibrium state from the parameiers, or, if necessary, by a simulation
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of the process. When one only considers summary statistics, e.g., market
shares, the underlying process may temporarily remain concealed. With
regard to the environmental variables, it can be said that when the rela-
tionship of the brand choice process to such marketing variables as price
and advertising is known, this information can be used for an attempt to
turn the movement in the market in a more favorable direction, Know-
ledge of the relationships between the brand choice process and family
characteristics can be useful as a basis for market segmentation.

1.4 PLAN OF THE BOOK

‘We will briefly outline here the contents of the various chapters of this
book. In the next chapter — chapter 2 — a description of the data used and
the main characteristics of the markets for which the brand choice
processes were studied are given.

In chapter 3 a number of brand choice models are presented, with the
corresponding estimation and testing procedures. The theory in this
chapter is based for the greater part on existing literature, but at a number
of points original contributions are made.

In chapter 4 the brand choice models are applied to the empirical
brand choice processes and it is determined if - with these models -
satisfactory descriptions of brand choice processes can be obtained.
This is done in the first place by means of appropriate testing procedures,
corresponding to the models. Moreover a simulation study is carried out
in order to evaluate reproduction of the brand choice processes by
the various models.

In chapter 5 the application of learning models to brand choice
processes is discussed at some length. This is done because of the good
results for the so-called Linear Learning Model in chapter 4. A number of
different learning models taken from mathematical psychology are
treated and the possibilities of applying them to brand choice processes
discussed. Some additional properties of the Linear Learning Model are
given, especially with respect to equilibrium behavior and some possible
generalisations of this model shown,

In chapter 6 an approach to the brand choice process is proposed,
whereby every consumer is assumed to have a set of alternatives (a pool)
from which he chooses a brand. This set is generally smaller than all
brands in the market. Looking at the brand choice process from this
angle provides additional insights into the way a consumer makes his
choices.
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In chapter 7 the relationships between the brand choice process and
environmental variables are considered: the relationships of brand choice
with store choice, prices, advertising, deal-offers and inter-purchase
times are studied here.

In chapter 8 the relations between household variables and character-
istics of the brand choice process are examined.

Chapter 9 contains the major conclusions of the research.



2. The data used and some
characteristics of the markets

2.1 THE CONSUMER FPANEL

To study the brand choice process for a certain product, one must be able
to trace the purchases of individual consumers in time. Therefore so-called
purchase histories of individual consumers are needed. Members of a
consumer panel provide such continuous recordings of their purchases.

Thanks to the cooperation of “Attwood Statistics Nederland’, it was
possible for us to obtain available purchase histories for 3 frequently
purchased food-products by members of the Atiwood panel in the Nether-
lands. The purchases were made during the years 1967 and 1968. These
data are used throughout this study.

The Dutch Attwood panel consists of 2000 households which make
weekly reports of their purchases of a number of products. The 2000
households are representative for the population of Dutch consumers
in so far as they live in households. Because they are spread all over the
country, it can be assumed that the individual households in the panel
are mutually independent with regard to their buying behavior.

For e¢ach purchase a certain amount of information is recorded (see
section 2.2); moreover for each household in the panel, information is
available with respect to socio-economic variables and buying attitudes.

A general treatment of the possibilities and difficulties regarding consumer
panels can be found in Boyd & Westfall (1960). Two critical points,
mentioned by these authors and relevant to our research, are accuracy of
registration and the possible conditioning effect of panel-membership
on the purchase behavior of members. In this respect the following
research results can be mentioned.

Sudman (1964) tested the influence of a number of variables on the
recording accuracy of members of the Market Research Corporation of
America (MRCA) Panel by comparing sales, computed on the basis of
panel recordings, with shipments from individual companies. He admits
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that this comparison is rather crude, because a manufacturer usually sells
to a universe broader than that which a consumer panel measures and
moreover other factors may cause differences. With respect to one of the
variables considered, viz., type of product, he concluded that frequently
bought food products and non-food grocery products were recorded
relatively accurately compared with other products. This conclusion
favours the data used in our study because they refer to frequently
bought food products.

Ehrenberg (1960) and McGloughlin (1971), examining data from the
Attwood panels in England, Germany and the Netherlands, concluded
that no systematic differences could be found between new and old panel
members with respect to such variables as: number of purchases, brand
shares, number of different brands bought, prices paid, etc.

Morrison et al. (1966), found some differences in purchasing behavior
between new and old members of the Chicago Tribune Panel, but they
caution against a too hasty conclusion because the 2 groups they com-
pared differed considerably in socio-economic characteristics.

2.2 THE PRODUCTS CHOSEN AND THE HOUSEHOLDS SELECTED

The products for which we studied brand choice processes are:

1. a frequently purchased food product, for reasons of confidentiality
indicated by the pseudonym: fopro;

2. beer;

3. margarine {often referred to as: marg).

Considerations of sufficient purchase frequency and a reasonable number

of brands influenced the choice of these products, but of course other

choices would have been possible.

The number of products chosen is 4 compromise between the require-
ments of studying different situations to get as broad a picture as possible
and of keeping the research project manageable.

As said before, the data at our disposal were the purchase histories for
the 3 products mentioned above of the members of the Attwood panel
during the years 1967 and 1968.

The 2000 houscholds in the panel during the 2 years did not remain
constant. Naturally for our analysis purchase histories should be as long
as possible. Furthermore, it is necessary that recorded purchases of
different households refer to the same period, otherwise households are
not mutually comparable. These considerations led us to the decision to
use in the analysis only those households which recorded their purchases
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over the whole 2 years. Households for which no complete registration
was present were discarded,

A further condition for a household to be accepted in the analysis for
a product is, of course, that purchases of the product in question were
actually made, For fopro and beer the requirement was that a household
should have made at least 10 purchases during the 2 years to be included
in the analysis, for margarine (because of the greater intensity with which
this product is generally bought) the threshold was 20 purchases.

The consequence of this selection procedure, in which only households
recording over the whole 2 years and making a certain minimum number
of purchases, is that it can no longer be assumed that the purchase data
are representative for Dutch houscholds, as was the original Attwood
panel. Thus figures about purchasing levels, brand shares, etc. cannot
directly be compared with corresponding data from other sources.

In Table 2.1 the resulting number of households and their purchases
are given.,

Table 2.1 General information about households and purchases

Product Number of households Total number Mean number

in the analysis of purchases of purchases

recorded per household
Fopro 672 59297 88
Beer 627 27265 43
Marg 1059 130572 123

Evidently the households present in the analysis for the respective pro-
ducts are to a certain extent the same. 378 households were present in the
analyses for all 3 products.

2.3 INFORMATION ABOUT PURCHASES

For every purchase of a product by a houschold the following information
is recorded:

— date

— brand

— volume of the unit bought

10



— number of units bought
— price paid per unit

— special offer (deal) or not
— shop-type

All different combinations of these 7 purchase variables are treated as
separate purchases. For example, when on the same day different brands
or different volume units were bought of the same product, or the product
was bought in different shop-types, such purchases are recorded as differ-
ent purchases. So it is possible that more than one purchase of a product
is recorded for the same day. Purchases, made together with other pur-
chases representing different combinations of the 7 variables menticned
above, of the same product on the same day are here called: multiple
purchases.

Only the shop-types (like supermarket, dairyshop, department store,
etc.), not the individual shops visited, were recorded by the Attwood
panel. In this study, the word shop is used, when shop-type is meant, and
it should therefore be remembered that in this way the real number of
different shops for a household is under-estimated, in so far as different
shops of the same type are visited.

2.4 GENERAL CHARACTERISTICS OF THE MARKETS

It is perhaps pertinent to give some general features of the markets for
which the brand choice processes were studied.

Some figures are given in Table 2.2. They all refer to the 2-year period,
and are based on the purchases made by families selected for the study.

From (1) and (2} it is clear that the concentration with respect to brands
is strongest in the beer market. In the margarine market a great number
of brands each have a small share of the market.

The figures for (7) and (8) indicate that with respect to brand switching,
fopro is the least dynamic market. Only in 8.9% of all purchases is the
brand chosen different from the brand at the preceding purchase. The
fact that the mean number of different brands (3) is somewhat higher for
fopro than for beer does not imply greater brand switching activity,
because the number of purchases per household (= number of possibili-
ties to switch brands) is twice as high for fopro. (7) and (8) clearly indicate
that the margarine market shows the most activity on the point of brand
mobility. One point that makes the figure for (8) especially high, should
be mentioned here. Margarine is a product with two different ways of
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Table 2.2 Characteristics of the markeis

Fopro Beer Moary

1. Number of biggest brands, representing 85%

of the market by volume 14 8 - 29
2_ Number of biggest brands, representing 85%

of the market by number of purchases 12 6 24
3. Mean number of different brands per house-

hold 2.88 2.57 426
4. Standard deviation of the number of different

brands per household 1.87 1.46 3.13
5. Mean number of different shaps per household 2.78 2.92 3.36
6. Standard deviation of the number of different

shops per household 1.61 1.51 1.90
7. Mean percentage in the purchases represented

by a household’s favorite brand 84.2 80.0 72.9
8. Percentage of the purchases with brand differ-

ent from the brand of the previous purchase 39 114 26.3
9. Deal-purchases as percentage of total purchases 2.3 3.0 6.4

10. Multiple purchases as percentage of total
purchases 1.7 14.8 9.5

household use, viz.: on sandwiches and as an ingredient in the preparation
of other food. Some households have different brands for different uses
and show a kind of alternating behavior between 2 or more brands.
These households can be loyal to more than one brand at a time and are
called here: multi-loyal. Households not exhibiting this kind of behavior
are called: mono-loyal. In chapter 4 we will meet this phenomenon of
multi-loyalty again. In that chapter it is shown that to describe the brand
choice process for margarine by stochastic models it is necessary to sepa-
rate households into two groups: mono-loyal and multi-loyal; this
separation is effectuated by means of a criterion, developed there. For
mono-loyal households, selected according to this criterion, the figure
for variable (8) is 14.1.

Multiple purchases can constitute a problem in the study of brand choice
processes, because for these purchases the order in which they were made
is not known. For fopro this problem is not relevant, because of the very
fow percentage (10).

At first glance it seems to be a problem for beer, but a closer scruting,
reveals that only one third of the multiple beer purchases were made on
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days in which more than one different brand was bought. In the case of
other multiple purchases there were different shops or different volume
units, for example, but no different brands. So the percentage of multiple
purchases, which constitute a problem in the sense that the order in which
different brands were bought is not known, is only 4.9 for beer.

For margarine the percentage of multiple purchases is rather high.
As might be expected this percentage is much lower for the sub-class of
monoloyal households, i.e.: 4.5.

In the brand cheice analyses reported in this study the multiple pur-
chases with unknown brand order are left out, or the order is established
at random.

2.5 THE BRANDS CONSIDERED

In most of the brand choice analyses reported in the following chapters
special brands of the 3 products are studied. Sometimes the brand under
study is the favorite brand for each individual household, and the problem
is then that different households have different favorite brands, which
makes interpretation of the results and especially the marketing conse-
quences somewhat difficult.

Therefore we have worked mainly with real brands, as they appear in
the markets. For reasons of confidentiality they are referred to by symbols,
not by their real names. For fopro they are: F1, F2, F3 and F4; for beer:
Bl, B2, B3 and B4; and for margarine: M1, M2, M3 and M4, The first
3 brands from these scts are real brands; these are national brands,
distributed all over the country and promoted by newspapers, television
and radio on a national scale. F4, B4 and M4 stand for all other brands.
There is one further exception: brand F3 stands for all private brands in
the fopro market.

In Table 2.3 information about the market shares over the two years
is given. To obtain some idea of the magnitude of change. in the markets,
the market shares were also computed separately for the 24 4-weekly
reporting periods over the 2 years. This resulted in the variable: range,
defined as the highest brand share minus the lowest share in the 24 periods.

With brand choice models we are usually forced (to keep the models
workable) to use purchases (numbers) as the unit and cannot be concerned
with the volume of purchases. Fortunately there is a rather close relation-
ship between the 2 concepts. In this study the market share by volume and
the market share by number of purchases per 4-weekly period were
calculated. Thus for every brand there were 24 observations of both
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variables, for which the correlation coefficient was computed. This
was done for each of the 4 brands for every product. The 4 computed
correlation coefficients for fopro range from .72 to .89, for beer from .50

to .78 and for margarine from .52 to .96,

Table 2.3 Iformation about brands

Product Brand Market share during Range of market
2-year period (based on share over 24 periods
number of purchases)

Fopro F1 4127 0322

F2 1362 .0379

F3 2046 0328

F4 2466 .0308
Beer B1 4318 0455

B2 1155 0473

B3 1526 0273

B4 3001 0654
Marg M1 2621 0438

M2 0794 0418

M3 0437 0131

M4 6149 0437

This means that — volumes being ultimately the interesting quantities to
a company — the approach by number of purchases can give useful results.

2.6 DATA FOR MARKETING VARIABLES

One of the purposes of this study is to examine the influence of the mar-
keting variables, price and advertising, on the brand choice process.
Prices could be derived from the panel data, but for advertising figures
additional information was needed, and the ‘Bureau voor Budgetten-
Controle’ in Amsterdam obligingly provided estimated advertising expen-
ditures for the different brands in the fopro, beer and margarine markets.
These were monthly data over 1967 and 1968, calculated from observed

advertising in newspapers, magazioes, radio, television, etc.
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It is admitted that total expenditure constitutes a crude measure for
advertising efforts, because everything is reduced to the money spent,
while the quality of advertising with respect to theme, copy, etc. does not
play a role. But as there are no objective weighis for these elements in
advertisements, using money spent as a basis appears to be the only
possibility.
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3 Models for brand choice processes

3.1 GENERAL OBSERVATIONS

In this chapter a number of brand choice models which have appeared
in the marketing literature during the last 15 years are presented. We do
not, of course, pretend to give all the different models that have been
published, but we believe that with the 5 types to be discussed landmarks
in the field of brand choice models are presented. Moreover these are the
models applied to the empirical data in chapter 4.

A common feature of the models is that they are stochastic in nature:
it is assumed that a consumer does not deterministically take one of the
available brands of a product, but that he has a probability distribution
over the choice possibilities represented by the various brands.

For cach model the formulation, estimation and testing procedures
will be given, some applications, if present, mentioned and possible advan-
tages and shortcomings discussed. In section 7 of this chapter some
special aspects are dealt with, viz., the measure for goodness of fit of a
brand choice model and the numerical minimization procedure to be
used.

A rather comprehensive treatment of brand choice models is Massy,
Montgomery and Morrison (1970). When reference is made to this work
we indicate it as Mm & M for convenience. A treatment of brand choice
models of earlier date is the survey given by Herniter & Howard (1964).
This chapter has mainly the character of a review of literature, although
at a number of points original contributions are put forward. As
such the demonstration of heterogeneity effects for first order Markov
chains (in 3.3.5.2) can be mentioned, the E0s-test on the existence of
purchase feedback (3.4.2.3), the estimation procedure for the parameters
of the distribution of p in the Heterogeneous Bernoulli Model based on
the Ros-concept (a concept earlier used by MM & M for parameter estima-
tion of the Linear Learning Model) (3.4.3.1), the use of the beta-density
for the distribution of initial p-values for the Linear Learning Model
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(in 3.6.2), and the use of measures for goodness of fit of brand choice
models, which incorporate the effect of sample size (3.7.1).

Below some definitions and principles, which hold for all models, are given.

A purchase occasion or purchase moment takes place every time a
purchase of the product in question is made. At every purchase occasion
a brand choice i3 made. Choosing a brand is only possible when a pur-
chase occasion takes place. When we speak of ‘the probability of choosing
a brand’ we mean this in the conditional sense: i.e., given that a purchase
is actually made.

A purchase sequence or purchase history is a series of brands chosen
at consccutive purchase occasions. For example, in a two brand market
with brands A and B the purchase sequence of a family making 10
purchases may take the form: AABBAAABBB.

When a brand choice process (b.c.p.) or purchase history is spoken of,
this is always the b.c.p. or purchase history of one product. When it is said,
for example, that only one brand was bought during a certain time period,
this always refers to the purchases of the product for which the b.c.p. is
studied.

In this study we use the words family, consumer and househald inter-
changeably for the performer of the brand choice process.

The models usually require that the number of different brands in a
market be reduced to 2. These brands are then indicated by 1 and 0,
where | stands for the brand we are especially interested in, while 0
indicates all other brands.

By the parameter p of a consumer we indicate the probability that he
(or she) will choose brand 1. (So with probability (1—p) brand ¢ is
chosen).

The equi-distant points on the time scale are the indexing numbers of
the purchases. The first purchase of a consumer gets the number 1, the
second gets the number 2, etc. So a time interval of 2 days between 2
subsequent purchases cannot be differentiated from a time interval of
2 weeks. When a consumer does not make his purchases regularly (for
instance one purchase a week), the time scale of the models has no direct
relation to calendar time. Also, the time scales of different households
are not identical. This makes it difficult to directly relate aggregate
figures e.g. market shares, produced by a model, to corresponding quan-
tities in the market place. This is a drawback, but for the purpose of this
study, analysing the structure of the brand choice process in which the
sequences of brands bought is primarily studied, this is not a great
problem.
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No attention ig paid to the volumes bought on the various purchase
occasions. Every purchase counts for one, irrespective of size. In this
context the market share is the portion in number of purchase moments,
not in volume.

The models used mainly differ in two respects.

Firstly, some models assume homogencity among consumers with
regard to the probability distribution over brands or with regard to the
transition probabilities. Other models assume that different consumers
may have different probability distributions or different transition proba-
bilities, i.e., these models assume heterogeneity.

The second source of difference is the assumptions made about pur-
chase feedback with respect to brand choice probabilities. Some models
assume that a brand chosen at a certain purchase occasion has a definite
influence on brand choice probabilities at subsequent purchase occasions.
Other models assume that there is no such influence at all: i.e., that sub-
sequent brand choices are independent of each other. These differences
refer to the order of the brand choice process assumed by the medel.

3.2 THE HOMOGENEOUS BERNOULLI MODEL (HOBM)!

A random variable is said to have a Bernoulli distribution when it can
take only 2 values: 1 and 0, with probabilities of p and (1 —p) respectively.
Now the brand choice process is said to be a homogeneous Bernoulli
process when every consumer chooses brand 1 with probability p and
brand 0 with probability (1-p), regardless of the purchase history. Then:

Prob (X, =1|x,_4, X;—3, ...)=Prob (X,=1)=p,

for all values of .

In this model there is no purchase feedback and every consumer is
assumed to have the same probability distribution over the possible
brands. In this respect there is homogeneity. It is not necessary to restrict
the number of brands in the market to two. In an m-brand market the
assumption of the HOBM is that all consumers have the same vector of
probabilities (p, ... p,,), indicating the chances that the respective brands
will be chosen.

Because there is no feedback of the brand choices made, p, or the vec-
tor {p, ... p,.), is assumed to remain constant over time.

1. A list of abbreviations and variable names can be found at the back of the book,
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Estimation and testing procedures for the HOBM are simple applications
of the properties of the binomial distribution.

The stringent requirement that all consumers buy specific brands in
the same proportions — an assumption that is contradicted by almost all
empirical evidence ~ means that this model must be qualified as being too
simple to offer a realistic description of the brand choice process.

We give the model only for completeness and do not use it further in
this study, although the HOBM is a special case of all the models that
follow.

3.3 THE HOMOGENEOUS MARKOV MODEL {HOMM)

3.3.1 Formulation

In an HOMM a consumer’s brand choice depends only on the recent
purchase history of that consumer.

The case most commonly treated is the first order Markov Model,
where only the last purchase influences current brand choice:

Prob (X, =[x, Xemgs Xgm3s o) =

Prob (X, =i|x,_,).
Purchases made before purchase occasion (¢— 1) are assumed to be irrele-
vant for the choice made on occasion ¢,

In a two-brand market there are 2 different purchase histories of
length 1 possible. Also 2 different purchases can be made, so that we have
probabilities for 4 events:

pu=Prob(X,=1[x,_;=1)
Pio=Prob (X,=0|x,_; =1)
Po1 =Prob (X, =1|x,_=0)
Pog = Prob (X, =0|x;_, =0)
These so-called transition probabilities can be written in the transition

matrix P:

from to 1l 0

P= 1 [Pu P1o]
0 Por  Poo
With the states 1 and 0 put in the margins, the meaning of the probabili-
ties is clear. For example, the element (2, 1) is the probability of going
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from state 0 to state 1. The rows of the matrix P must sum to unity of
course,

The feature of homogeneity in this model lies in the fact that every
consumer is assumed to have the same transition matrix.

The application of the HoMM is not restricted to a two-brand market.
When there are m different brands in the market, the transition matrix P
is an (m x m) matrix:

1?11 . ?‘J‘ - .le
I.)“_ “‘I‘Jij --.Fim

ml e pmj ves P
The element p;; is the probability that brand j will be chosen, given that
brand i was chosen at the last purchase.

These transition probabilities have an appealing marketing interpre-
tation. If, for example, p;; is high, this means that a consumer buying
brand / has a high probability of remaining a customer for brand i.
And if py, is low, this indicates that it is difficult to get a consumer to
switch from brand & to brand 7.

For higher order Markov models a greater number of previous purchases
influences the current probability distribution over the brands.

A second order Markov model, for example, assumes that the last two
purchases have an impact on current brand choice:

Prob (X, =ifx,—;, X,_2, X;-3, ...) =

Prob (X, =#|x,_1, X,-2)-
For this model, there are 4 different purchase histories in a two-brand
market: 11, 10, 01 and 00. By defining these histories as states, the transi-

tion probabilities can still be written in a one step transition matrix of the
following form:

to 11 10 01 00
from

11 P111 Piio 0

10 0 0 pior Pioo
01 Po11  Poie 0 0
00 0 0 Poor  Poo
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Here p,;; is the probability that brand & will be chosen, given that brand j
was chosen at the last and brand i at the last but one purchase occasion.

This transition matrix contains a number of zero’s because some transi-
tions are impossible. For example, when the current purchase history of
length two is 11, the purchase history one purchase later can never begin
with a 0.

When the brand choice process follows the oMM, the brand choice
process is a Markov process. Because it is a process in discrete time with
discrete state space, the brand choice process can be called a Markov
chain.

3.3.2 Some properties of the model

The theory about Markov processes is well-known — see for example
Feller (1957}, Kemeny & Snell (1960}, Cox & Miller (1965).

We will briefly mention some properties of first order Markov processes
here. Proofs can be found in the literature mentioned above.

1. The k-step transition probabilities

The element p;; of the transition matrix P is the probability of making
a transition from state i to state j, i.e., of going in one step from i to j.
It is also possible to speak of the probability that a consumer who is now
in state i (fast brand bought being #) will be in state j after & transitions
(in the Markov framework every purchase constitutes a transition). This
probability is called the k-step transition probability from i to j and is
denoted as pﬁ'j’. The matrix containing the k-step transition probabilities
is then indicated as P®),

Now we have the property:

P® = pt,
which means that the k-step tramsition probability matrix is the kth
power of the one-step transition probability matrix.

2. The steady state distribution
When the Markov chain has m states and IT is a probability (row) vector
(with elements > 0 and summing to unity), then we have:

IIP%... = a, for every probability vector I7,

subject to 2 conditions, which are — in technical terms — that the chain is
ergodic and aperiodic. Because in brand choice applications each state
is — in one step — attainable from all other states, these conditions are
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clearly met there. Like II, « is a probability (row) vector. a gives the
distribution over the states after a great number of transitions. Therefore
« is called the steady state vector. « is exclusively determined by the ele-
ments of P and can be computed from the relation:

oP=ua,

which is in the m state case a question of solving a system of = equations
with » unknowns.

The latter property has the foilowing marketing interpretation. Suppose
that the m-dimensional vector IT contains the brand shares of the =
different brands in the market at a certain point in time. When the brand
choice process is a first order Markov process with transition matrix P,
then « can be interpreted as being the vector of brand shares after a great
number of purchases. « is no more dependent on IT and can be called the
vector of equilibrium brand shares.

Tt is especially this property of a steady-state distribution, which offers
the possibility of long term market share forecasting, that makes the
Markov process so attractive for brand choice applications. This explains
the emphasis put on Markov-processes in brand choice literature.

Of course it only makes sense to compute the equilibrium market
shares — for a market where the brand choice process follows the HOMM —
when the transition matrix P does not change over time. In that case the
Markov chain is said to be stationary.

3.3.3 Estimation and testing

In their classic article, Anderson and Goodman (1957) give a rather
complete treatment of estimation and testing procedures with respect to
Markov chains. An extensive paper by Billingsley (1961) on this subject
has also appeared. In this section we will present some of the results which
are important for brand choice processes.

For the application of these procedures in empirical brand choice
situations, the type of data must be such that individual consumers’
purchasing processes can be followed. It must be possible to relate the
current brand choice and preceding purchase behavior of a particular
consumer. This type of data can be provided by a consumer panel.

3.3.3.1 Estimation of transition probabilities

We assume that each individual behaves as a first order Markov chain
with m states. Let N;(r) be the number of individuals who are in state / at
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time (#—1) and in state j at time £ N,(¢) is the number of individuals in
state i at time ¢.

Now the distribution of the &,(¢—1) individuals, who are in state i at
{r—1) over the m possible states: 1, 2, 3, ... j ... m at time ¢, is a multino-
mial distribution with probabilities: pyy, Pz, Piss s Piyy oo Pime A
maximum likelihood estimator for p,; is then the fraction:

o M@
b= Nu-1

When the chain is stationary, i.e., p;; is constant over time, we can use all
transitions made at z =1, 2, ... for the estimation of p,;.

When T transitions of every individual are observed, the maximum
likelihood estimator for p,, is then:

by=r=r— &RY)

In brand choice terms: we find the transition probability from brand i to
brand j by dividing the number of times that consumers go from brand §
to brand j by the number of times consumers have brand i as the last
purchase and make a subsequent purchase.

Generally we work with the empirical purchase histories of different
consumers, and these have different lengths. The number of observed
transitions 7 'is thus different for different consumers. When for T'is read:
‘the number of transitions made by the household with the longest pur-
chase history’, equation (3.1} is still valuable. In the terms of this expres-
sion, with f near to T, only the purchases of a small number of households
(with the longest purchase histories) are then used. This constitutes no
problem for in the HOMM all conswumers are assumed to have the same
transition probabilities.

Here we treated the estimation of the transition probabilities for a first
order Markov chain, The case of higher order is a quite natural extension.
Equation (3.1) can still be used, but now { is not conceived of as a single
state but as a combination of states. In brand choice terms, this combina-
tion is a certain purchase history and p;; is the probability of a brand j
purchase after history i

3.3.3.2 Testing the order of the process

The length of the preceding purchase history, which influences subsequent
brand choices, determines the order of the brand choice process.
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When the process has the order 2, for example, the probability distri-
bution over the brands on a purchase occasion is determined by the brands
chosen at the last and last but one purchase.

Suppose we want to test the null-hypothesis that a brand choice process
has order zero (no purchase feedback at all) against the alternative that
the order is one (an influence of only the last purchase).

Then it is useful to put the brand switch data into the following scheme
(using a two brand market here for simplicity):

from to 1 0
1 Nll NlD Nl.
0 Noy Noo N,
N, N, N

Here N;; denotes the nember of transitions from brand i to brand j N, is
the number of times brand i was purchased and a subsequent purchase
was made, &, is the number of times transitions to brand i were made,
irrespective of the brand previously chosen.

When the process is of order zero, i.e., when the last purchase has no
influence, the fraction N,/N; should be equal to Ny,/N,. (Apart from
random deviations, of course).

Anderson and Goodman have shown that to test this the table can be
treated as a conventional contingency table. When § = N /N under the
null-hypothesis then:

2 o {(Nu“ﬁN:.)z +(Nw—(1—p)Ni.)’]
= T (-PN,

has a y? distribution with 1 degree of freedom.

With m brands in the market instead of 2, we get an (m x m) contin-
gency tabie with (m— 1)? degrees of freedom.

‘When the conclusion of the zero order test is that the process is not of
order zero, the next question to be answered is: is the process of the order
one or higher? i.e.: does only the last purchase have an influence or are
former purchases also of importance? Now we test the null-hypothesis
that the process is first order against the alternative of order 2.

X
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We must therefore have a test scheme in which it is possible to isolate
the influence of the last but one purchase from the last purchase. In the
two-brand case therefore we form the following tables:

from to 1 0 from to 1 0
01 Nots | Noso 00 Noos | Nooo
1 Nit | Nio i0 Niot | Nioo

Here N,; is the number of times a consumer with purchase history i
made a transition to brand k.

When the last but one purchase has no influence, then the distribution
over the columns is not dependent on the row (quite analogous with the
table for the test on zero order, just discussed).

We can now treat these two tables as contingency tables again. For
each table separately we can compute as before the usual test statistic for
independence, which is each distributed according to a y? variable,
under the hypothesis of order one. As Anderson and Goodman have
proved, the sum of these two statistics has the x2 distribution, under the
null-hypothesis mentioned.

When there are m different brands, we get m different tables; the test
statistic under the first order hypothesis then has m(m—1)* degrees of
freedom.

Generalisations to a higher order will now be clear. When we want to test
the null-hypothesis that an m-state chain is of order k& against the alter-
native that the order is (k+1), we get n* different tables (one for each
purchase history of length %), which each produce — under the null-
hypothesis — a y? statistic with (m— 1)* degrees of freedom. The summary
statistic then has m*(m—1)* degrees of freedom.

3.3.3.3 Testing the stationarity of the process

A Markov chain is said to be stationary when the transition probabilities
do not change over time. In marketing applications it can be useful to
test for stationarity it is to be expected that the brand choice process will
not always remain the same. Transition probabilities may change because
of changing marketing conditions.
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As outlined above a chi-square test can be developed for this test.
Suppose we want to test whether or not a first order Markov chain has the
same transition matrix during r subsequent periods. In the two-brand
case the following tables can be formed.

from 1 to 1 0 from 0 to 1 0
period period
i Nys(1) | Nyo(D) 1 Noi(1) | Noo(1)
2 N11(2) | N1o(2) 2 Nos(2) | Noo(@
’.' Ny (r) | No(» T No1(r) | Nool()

Here N; (1) denotes the number of transitions from i to j in period 1.

When the period has no influence, the distribution over the columns
is independent of the row in both tables. Again these tables may be treated
as the usual contingency tables. For each table the conventional test
statistic can be computed, which is under the null-hypothesis of no period
influence a y* variable with (r—1) degrees of freedom. The complete
stationarity hypothesis is tested by computing the sum of the y2_,-statis-
tics for the separate tables. Under stationarity this sum has a y* distribu-
tion with 2(r— 1) degrees of freedom.

When testing the stationarity of a first order chain in the general
m-brand case, we get m different tables, each with (m—1) (r—1) degrees
of freedom. This results in a summary y>-statistic with m{m—1) (r—1)
degrees of freedom,

For extensions and proofs with respect to the tests given in these sec-
tions, the reader is referred to Anderson and Goodman (1957) or
Billingsley (1961).

3.3.4 Application of Markov chains to brand choice processes

In the early sixties the idea of studying brand choice behavior within a
Markov framework was put forward by a number of authors.

Amongst the first of these were Herniter and Magee (1961). They gave
an exposition of the theory of Markov chains and showed some possible
applications 10 the brand choice process. They also mentioned the possi-
bility for optimization with the aid of Markov programming. The Markov
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programming procedures outlined by R.A. Howard (1960) might, for
example, be applicable in promotional decisions. It can be assumed that
different types of promotional strategies give rise to different transition
matrices. When these matrices are known, which consumer (dependent on
his state) should receive which type of promotion in order to maximize a
certain quantity, for example sales, can be determined.

Papers introducing the use of the Markov chain to brand switching
in a similar way as Herniter & Magee are those of Maffei (1960) and
Harrary & Lipstein (1962).

Examples of applications of Markov chains to empirical consumer
buying situations are the following: Styan & Smith (1964) have applied
Markov chains to purchases of washing powder by housewives. In their
paper the states were not brands but the different types of use of washing
powder by housewives. The process thus defined was found to be higher
than zero order and stationary; in a paper by Draper and Nolin (1964)
the states were different brands of cake mix. They concluded that a
first order Markov chain gives an acceptable description of the brand
choice process. Again the chain was found to be stationary.

Massy (1966) studied the coffee purchases of members of the Chicago
Tribune panel. He computed Markov transition matrices for individual
households and for households together. His most important conclusion
was that population heterogeneity can cause spurious higher order test
results. This subject will be further discussed in the next section.

3.3.5 Problems of homogeneous Markov models in brand choice processes

3.3.5.1 Problems of time and quantity

In the applications mentioned in the preceding section the Markov chain
which described the brand choice process was mostly defined by equi-
distant epochs, the time period between two subsequent points of time
being taken as real calendar periods, e.g., one week. This causes some
problems. Firstly, in which state should a consumer be classified when
he makes more than one purchase in a certain period and these purchases
consist of different brands? A possible solution is to define the state as
the brand most purchased during a period, but then the interpretation of
the results is of course difficult. Secondiy, when a consumer does not buy
at all in a certain period, what is then his state ? Some authors have solved
this question by introducing an artificial state of ‘did not buy’ (see e.g.
Harrary and Lipstein (1962)). This is not so satisfactory, because the state
‘did not buy’ is quite different in character from the state: ‘the brand
bought’. When this approach is followed, the transition matrix may
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change merely because of a change in frequency of purchases, i.e.,
without a change in switching patterns between real brands, which is
confusing. Thirdly, only the brands bought count, not the number of
units bought.

R.A. Howard has suggested solving these problems by using a Semi-
Markov process instead of 2 Markov process to describe brand choice
behavior (see Howard (1963) and Herniter & Howard (1964)). In the
Markov process thus far treated, transitions were assumed to take place
at equi-distant points in time, i.e., the time space was discrete. In Semi-
Markov processes, also called Markov Renewal processes, on the
contrary, the time between transitions is not fixed but is a random
variable with a probability density function (see Cox & Miller (1965) or
Cox & Lewis (1966)). In the most general case there is a p.d.f. for each
type of transition. So the probability of making a transition from { to J,
which we denoted by p;;, is supplemented by the p.d.f. of the time
(holding time) to move from i to j: h;;(¢). A special class is formed by the
so-called “Markov processes in continuous time’. In this case /;;(¢) is the
p.d.f. of an exponential distribution.

It is clear that with this extension the problems of fitting the brand
choice process into a Markov model are considerably diminished,
especially when it is assumed that inter-purchase times may take all
values = 0. On the other hand, estimation problems regarding the distri-
butions of the holding times should not be disregarded, a large number
of observations on all types of inter-purchase times being necessary.

No applications to brand choice processes of this Semi-Markov process
in its general form seem to be present in the literature. Herniter’s (1971)
approach has some features of a Semi-Markov model when he describes
a brand choice process in which the inter-purchase times follow an Erlang
distribution while brand choice occurs according to a first-order Markov
process. However, in this application brand choice and inter-purchase
times are assumed to be independent of each other, which constitutes a
major simplification of the general Semi-Markov assumptions. In section
7.4.4. we return to the application possibilities of Semi-Markov processes
to brand choice processes.

Ag stated in section 3.1, in this study we work with a transformed time
scale in which the equi-distant points are the purchase moments irrespec-
tive of the number of days that constitute the inter-purchase time, while
only the brand bought and not the quantity is of interest. This means,
that we are hardly troubled by the difficulties mentioned. But — as pointed
out - the direct relation to real market figures is sacrificed.
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