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ABSTRACT

Common in the product differentiation literature is the assumption of a uniform 

consumer  preference  distribution;  however  this  assumption  results  in  outcomes  that 

overstate  differentiation  effects.  This  thesis  examines  several  bimodal  consumer 

preference distributions and finds that firms have an incentive to locate where there are 

high concentrations of consumers along the preference distribution for particular product 

characteristics. The firms' location and pricing decisions, and the relative strength of the 

firms  in  these  decisions,  is  highly  dependent  upon  the  degree  of  concentration  or 

diffusion  of  consumer  preferences  for  the  product  characteristic  in  question. 

Transportation costs and reservation prices are the main mechanisms through which this 

process happens. 

Not surprisingly, this does not conform to the traditional models that entail the 

principle of minimum or maximum product differentiation. This thesis examines how the 



structures of a bimodal distribution itself  --  the peaks, tails, and trough --  impact the 

power firms have in a market, and the relative pricing and location decisions that will 

most likely result in the best profit maximizing choice for firms.

Keywords:  product  differentiation,  consumer  preferences,  bimodal  distributions,  transportation  costs, 

reservation price, Hotelling
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I. Introduction

Companies compete fiercely to get their products on the shelves of stores and 

supermarkets,  but once in front of consumers,  how does a firm capture and maintain 

market share? Most importantly, how does a firm best maximize profits when there are 

close  substitutes  readily  available?  Product  differentiation  allows  firms  to  gain  some 

degree  of  market  control  and  reduce  the  sensitivity  of  their  own  demand  curves  to 

changes in competitor price. This is the foundation of and reasoning behind the two most 

common market  structures in  consumer goods markets:  monopolistic  competition and 

differentiated oligopoly. What this thesis will ultimately investigate, along this vein, is the 

specific  implications  of  bimodal  consumer  preference  distributions  for  the  way firms 

choose to  differentiate  their  products,  as  well  as their  relative pricing decisions,  in  a 

differentiated duopoly market.

It easy enough to walk through the aisles of any grocery store, and see product 

differentiation in action: beer varied by degrees of hoppiness, semolina flour turned into a 

plethora of pasta shapes, or olive oil varied across country of origin. Consumer goods, 

and especially food products, are subject to a wide variety of differentiation through both 
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intrinsic  properties  of  the  product  --  ingredients,  preparation  method,  organoleptic 

properties, shape and color, dietary characteristics, and flavorings -- as well as use-related 

characteristics --  intended occasion and reference or target group (Conor 1981). 

The early impetus for this thesis stemmed from recognizing the access firms have 

to  large  amounts  of  detailed  sales  data  that  can  easily  and  readily  be  utilized,  in 

conjunction with other important variables, to precisely understand the many nuanced 

ways firms can tweak product characteristics to maximize sales and thus profits. With 

new production technologies, firms are rapidly becoming more flexible in customizing 

and  testing  various  product  designs  and  features  and  offering  regional  variations  of 

products.  A national sales presence -- the norm these days for many supermarket items 

from peanut butter to cheese to cereal -- means that slight variations in either superficial 

design features or actual product characteristics may affect the quantity sold by only a 

small amount of consumers per location in a given time period, but result in thousands or 

millions of dollar differences in annual sales for the firm. 

Firms also have a very strong incentive to develop brand loyalty, accomplished 

through product differentiation (again via intrinsic properties or other characteristics). 

While private label and off brand imitators have made significant gains, capturing market 

share  from  industry  leaders,  there  is  still  significant  evidence  that  consumers,  in 

aggregate,  have a preference for  brand names.  Blind taste  tests  often reveal  no clear 

preference  between the  top  brand and  the  generic  for  many different  packaged  food 

products.  But branding or labeling,  even when misleading (i.e.  the product labels are 

switched and the generic is labeled as the well-known national brand, while "Oreos" are 
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labeled as the "Publix Premium Creme-Filled Cookies"), consistently result in at least 

some  degree  of  consumer  preference  for  the  nationally  recognized,  branded  product 

(Richardson 1996). Interestingly enough, there is also some evidence that many products' 

prices  are  more sensitive to  quality than cost  (Sorenson 1997);  having some kind of 

superior quality recognized by consumers does allow firms to charge a price premium, 

even when costs are not significantly different. Product differentiation cannot completely 

mitigate consumer cross-price elasticity, but it does mean that firm have some degree of 

market power so that relatively small or incremental differences in prices (or special sales 

of competitor items) will have smaller to negligible impacts on quantities sold.

Having  established  at  least  some  of  the  intuitive  reasoning  for  product 

differentiation (which will  be more firmly rooted in economic theory in the literature 

review), the question this thesis will parse is a bit of a step back in this whole decision 

process. Clearly, firms are not going to simply guess which characteristic or combination 

of characteristics -- that is what location in product characteristic space -- will generate 

the  highest  profits.  Instead,  firms  use  information  available  about  their  own  cost 

structure(s),  the  locations  and  prices  of  competitors,  and  the  consumer  preference 

distribution,  among  other  considerations,  to  determine  the  best,  profit-maximizing 

location. Although a lot of complex pieces interact in this decision, this thesis will be 

focused on the role of consumer preference distributions.

It is worth briefly addressing the history of product differentiation in the economic 

literature.  The models  originally developed in the late  nineteenth and early twentieth 

centuries,  stemming from discussions  of  alternatives  to  competitive and monopolistic 
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market  forms,  i.e.  monopolistic  competition  and  oligopoly.  The  framework  for  the 

discussion centered around a literal location choice for firms, something along the lines 

of  identical ice cream carts located along a one-sided main street. Consumers merely 

chose the closest vendor to their location, which later became the closest product to their 

ideal  preference.  Hotelling  (1929)  acknowledged  that  non-product  characteristics  do 

impact consumer choice, citing consumer preferences based on the fact that a vendor is, 

"...a relative or a fellow Elk or Baptist." And while Hotelling is not the first author to 

discuss and analyze product differentiation, "Stability in Competition," is the early work 

most often cited. 

One of the assumptions in this particular piece of the literature that has remained 

in place is that of a uniform and regular consumer preference distribution. While this 

made sense in the context of the types and sizes of market structures a century ago, and is 

a reasonable assumption for physical location of individuals randomly distributed on a 

street, the implications of continuing to use this assumption are significant, as consumer 

preferences  for  flavors,  sweetness,  ingredients,  or  any other  possible  characteristic  is 

unlikely  to  be  so  evenly  distributed.  This  significantly  impacts  conclusions  made 

regarding how much or little firms differentiate products. 

Distributions that better  reflect  reality --  normal  and bimodal,  as well  as non-

symmetric distribution in either one-dimensional or multidimensional product space -- 

provide  a  more  realistic  assessment  of  possible  (and  profitable)  outcomes.  The most 

obvious impact of changing this assumption is that the potential profits a firm can earn at 

any given point in product characteristic space is a function of both the price they are able 
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to charge and the amount of people they are able to sell their product to. A low quality 

product, for instance, that garners a lower market price than its higher quality rival may 

be more, less, or equally profitable depending on the quantity the firm is able to sell in 

the market. This also means that the quantity of indifferent consumers (those indifferent 

between the product  variants  offered  in  the  market)  is  a  more  meaningful  value that 

impacts firm location and price decisions, as well as the fierceness of price competition 

either in the market as a whole or for this particular sub-segment of the population. This  

thesis, as mentioned earlier, will analyze bimodal consumer preference distribution along 

one characteristic,  focusing on how the elements that compose this distribution -- the 

tails, peaks, and trough -- impact product differentiation.

The assumption  of  uniformity of  consumer  preferences  may seem like  only a 

small part of the framework in which product differentiation is analyzed. However, when 

this assumption is dropped, there is no longer clear evidence that either the Principle of 

Minimum Differentiation  or  the  Principle  of  Maximum Differentiation  dominates,  or 

even  that  firms  will  find  it  most  profitable  to  do  either.  While  this  thesis  cannot 

definitively conclude where firms locate in product characteristic space or how they will 

price, it can offer some reasonable hypotheses regarding the impacts bimodal consumer 

preference distributions have on these decisions.

The next chapter will review the literature of and clarify the terminology found in 

product  differentiation,  chapter  three  will  focus  on  the  role  of  consumer  preference 

distributions and construct and analyze some bimodal consumer preference distributions 
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specifically, chapter four will round out the discussion with some case studies and other 

"real world" firm considerations, and chapter five will entail a brief conclusion to round 

out this discussion.
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II. Literature Review

This section is intended to present the overall theories that dominate the product 

differentiation literature as well as clarify the terminology that will be used throughout 

this  thesis.  This  will  include  a  brief  history  of  the  roots  of  product  differentiation 

literature (which is highly tied to the development of alternative market structures to the 

monopoly  and  perfect  competition  models),  the  most  common  assumptions  that  are 

behind many of the authors' analyses, the various conclusions and outcomes that have 

been churned out over the years, and a brief note on some of the market features unique 

to food markets and the food industry.

HOTELLING

Hotelling is most widely recognized and cited in the literature, as an early and 

significant contributor to product differentiation models. However, his own paper was in 

fact responding to a few prior economists' musings, those of Edgeworth and Bertrand, 

which  ultimately  concluded  that  duopoly  markets  will  act  like  perfectly  competitive 
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markets: small changes in price allow a firm to undercut their competitor and take the 

entire market. This happens until prices are reduced to marginal cost, where they remain 

in equilibrium. At this point, the notion of how products could be differentiated had yet to 

be introduced into the major economic discourse.

Hotelling kept the idea of standardized goods but better incorporated the idea of 

(physical)  location  differences  via  a  "transportation  cost"  imposed  on  all  consumers 

above and beyond the price.  This argument is  first  constructed in an actual,  physical 

environment -- a one-sided main street -- where consumers are located along that street 

uniformly. Consumers determine the proximity of both sellers to their location and select 

the  closest.  This  value  is  captured  by  a  transportation  cost  calculated  via  a  linear 

relationship  (it  later  turns  out  that  when this  is  measured  by any number  of  similar 

quadratic equations, it changes the outcome).

Consumers,  therefore,  do  not  immediately  switch  to  the  firm with  the  lowest 

price,  as  predicted  by  Edgeworth  and  Bertrand,  because  of  the  addition  of  this 

transportation cost.  Hotelling initially proposed this value as a "freight cost" consumers 

pay in addition to  the cost of the good, and in Hotelling's model this is the only variable 

that sets the two firms apart, as they are selling identical goods. Clearly this makes for a  

positive cross-price elasticity, as the exact same products are very substitutable for each 

other. Consumers would only be willing to purchase from the vendor farther from their 

location if the cost of the good plus the transportation cost was less than the cost of the 

good from the closer supplier.
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This is where the idea of "location" in product characteristic space comes from. 

Hotelling's  analysis,  when broadened (even by him) to product characteristics,  in one 

dimension, concluded that, "competing sellers tend to become too much alike" (1929), 

essentially minimally differentiating in the middle of (bounded) product characteristic 

space.  However,  because  the  consumer  preference  distribution  is  uniform,  these  very 

similar  products  will  still  have  managed  to  locate  themselves  closer  to  half  of  the 

consumers and gain some small degree of market control for that segment. 

TRANSPORTATION COSTS

Linear  transportation  costs,  that  is  transportation  costs  evaluated  with  a  linear 

equation, are organized something like the following:

Where A is the location of firm A, B is the location of firm B, and Ci is the location 

(ideal  product  characteristic  preference  of)  consumer  i.  The  line  segment,  as  per 

Hotelling, is a "Main  Street or intercontinental railway." θ will be equal to the per unit of 

distance cost of shipping the item. The linear transportation cost for consumer i for the 

product offered by firm  A  is essentially just  θ(Ci  −A).  (This is a modified diagram and 

equation of the one Hotelling offers, in order to maintain consistency between the linear 

and quadratic models of transportation costs).
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Quadratic transportation costs build upon this, in which the cost of transportation 

per unit of distance is simply a weight assigned to the distance value. The line segment is, 

more broadly,  some bounded and continuous characteristic, usually values are assumed 

to range from "0" to "1" (i.e. none of the characteristic to fully having the characteristic 

or having the maximum value possible of the characteristic). What you get then is  θ(Ci  

−A)2. It's a small difference, but it does have significant impacts, as will be discussed 

later.

Transportation  costs  are  subject  to  a  few  different  interpretations,  even  in 

Hotelling's analysis. While most literally they can represent "freight costs" of transporting 

the goods from the seller to the buyer, which could perhaps be made relevant to modern 

markets in the age of internet purchasing, it is a rather obsolete idea for most purchases 

made  not  by delivering  the  product  to  the  buyer,  but  by the  consumer  going to  the 

producer to acquire the good (or service). Economics would instead view this as a search 

cost, which represents the opportunity cost of the time and resources it takes to find a 

good, rather than a cost merely associated with going further to get a good (or service). 

However,  this  definition  is  completely  useless  when  product  location  is  used  more 

broadly to describe product characteristics.

Alternately, transportation costs can be viewed as a disutility value. This makes 

sense, especially in the context of consumers purchasing a less-than-ideal good in the 

market.  θ, then, captures how much this distance negatively impacts utility. Employing 

either a linear or quadratic model of transportation costs, this usage allows for a clear 

recognition  that  consumers  have  a  (weighted)  valuation  of  their  loss  related  to  the 
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distance, the actual products in the market are from their location (their ideal product) in 

product characteristic space. But simply comparing the price of good A plus the disutility 

from consuming good A with the price and disutility of good B is rather questionable, if 

for no other reason than that a dollar value and a utility value are being added together.

In  order  to  get  around  this,  there  is  a  hybrid  interpretation  that  allows  for 

transportation costs to be incorporated, but with a slightly murkier definition. Hotelling 

writes of the "ensemble" of preferences that put a consumer's ideal closer to one firm's 

product  or  the  other's.  In  some  sense,  though,  this  hybrid  definition  is  cheating. 

Transportation costs are taken as a value reflecting preferences (and thus utility), but will 

be incorporated as an addition to the cost of the good. Certainly no one goes so far as to 

claim it  is  a  dollar value when applied to product  characteristics,  but it  is  ultimately 

treated as a value that can simply be added to the price in order to represent the actual 

cost a product has, as evaluated by consumers.

DIFFERENTIATION, INDUSTRY, & OLIGOPOLY

Most of the literature focus on two main types  of differentiation:  vertical  and 

horizontal. Horizontal differentiation describes differences in products that create real or 

perceived differences in characteristics of features, whereas vertical differentiation is the 

same thing with an element of quality differences across brands. Usually this is framed as 

products that would be preferred by all consumers if income constraints were removed. 



12

Differentiation is generally accepted as serving several purposes. It helps erect 

barriers to imitation and entry, reduces product substitutability, and encourages brand or 

product loyalty,  ultimately allowing firms to gain some degree of market control and use 

this position to profit maximize. 

Koutsoyiannis (1979) discusses an interesting point in the context of a small but 

important technical aspect of defining an industry: where are the edges? Which firms are 

included and excluded? At what point is a firm so different from its competitors that it is 

no longer in the same industry? A similar problem holds true for product differentiation -- 

that  is,  what  products  are  in  the  same  market,  where  and  how  is  the  line  drawn. 

Koutsoyiannis addresses the industry version of this question with several possibilities. 

One is how substitutable or similar are the firms (products), and while there is no clear 

line that can be drawn, a measure of cross-elasticity at least begins to give a relative sense 

of  how  close,  or  not,  firms  (products)  are.  This  extends  to  the  concept  of  firms  or 

products being technically close, "in that they satisfy the same need." 

Alternately, products produced via a similar process of production, that is if "the 

methods  of  production,  the  raw materials  used,  or  the  channels  of  distribution,"  are 

similar, can be classified as the same industry (Koutsoyiannis 1979). Importantly, while 

none of these definitions allow for the clearest demarcation of an industry or its market, 

they  do  allow  this  concept  to  be  broadened  beyond  homogenous  goods  sold  by 

homogenous firms, which is necessary for understanding oligopoly markets. The other 

implication of this is that the equilibrium market price might in fact be a cluster of prices, 
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or at the very least, that there can be different prices simultaneously in the market when it 

is at equilibrium.

ASSUMPTIONS

The assumptions most common to the literature include: constant marginal cost of 

zero (and the same marginal  cost  for  both firms),  uniform and predictable  consumer 

preference distribution in product characteristic space, no threat of entry, two firms (i.e. 

duopolies are assumed to reasonably represent the constrictions and outcome that would 

occur in any oligopoly), there are no learning curves for the firms nor use of multi-period 

adjustments (by extension only short run profits are maximized), only one product sold 

by  each  firm,  no  collusion,  one-dimensional  characteristic  space,  and  full  market 

coverage  (and  further  that  all  consumers  that  participate  in  the  market  for  whatever 

particular good will purchase one unit from the closest producer). More often than not, 

these  assumptions  are  used  in  conjunction  with  game  theory  to  perform  two  stage 

location-then-price analyses that result in a Nash equilibrium.

As Koutsoyiannis  (1979) points  out  it  would be downright  stupid  of  business 

owners to operate only one period at a time, both not looking towards long run profits  

and  being  unable  or  unwilling  to  reevaluate  (incorrect)  estimates  of  the  other  firm's 

quantity, price, and quality decisions each period. However, the effect this assumption 

ultimately has is hard to gauge, especially given the other assumptions that already limit 

how firms are able to operate in a hypothetical market. Nonetheless, most of the authors 
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cited here frame their analysis within the context of a game, and search for the Nash 

equilibrium, using this very limited set of assumptions. 

Matraves  and  Rondi  (2007)  note  that  "game  theory...has  been  criticized  for 

yielding extremely sensitive predictions that are hard to test empirically, mainly due to 

the large number of unobservables." While their focus was more on the long term benefits 

of different types of differentiation and research and development investments on market 

share (the authors have an interesting empirical study that ultimately finds that vertical 

differentiation,  especially when firms make R&D investments,  will  make a  firm less 

imitable and thus better positioned to maintain market share and leadership positions in 

an industry, as measured over the period of a decade), it is certainly worth including, as 

game theory has become a very dominant force in the product differentiation literature 

starting around the eighties. So, while clearly the outcomes of many analyses via game 

theory should not  be discarded,  it  is  worth understanding that  the outcomes of game 

theory do not allow for the type of flexibility a firm would typically have in real world 

situations. 

The location-then-price structure of almost all  product differentiation games (a 

few also included entry as a first step, and a rare few looked at location and price as 

simultaneous  decisions)  ignores  the  very common phenomena  in  food and consumer 

good industries of firms setting a single price point for a line of products and structuring 

the  products  they  offer  (as  well  as  the  costs  of  those  products)  around  that  point. 

Breakfast and nutrition bars are a perfect example; while the price of fruits (even frozen 

and other processed fruit products) face significant price variations during the year due to 
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seasonality, and these input costs vary significantly from each other as well as from other 

common flavors like peanut butter or chocolate, all the bars are priced the same for a 

particular brand. This suggests that at least some firms perhaps set a price point first, or at 

least are cognizant of this when selecting ingredients and size. 

This example also brings up the fact that many firms do, in fact, offer product 

variations within their own line-ups. When product differentiation analyses are reduced to 

a one-dimensional framework, this possibility is easily lost. Authors like Martinez-Giralt 

and Neven (1988) conclude that  firms'  equilibrium outcome is  one location  (i.e.  one 

product), even when examining the possibility of multiple locations (products). As this 

thesis will address later, uniform and regular consumer preference distributions also tends 

to  negate  the  possibility  of  firms  offering  products  at  multiple  locations  in  product 

characteristic  space,  whereas  other  consumer  preference  distributions  can  make  this 

possibility profitable, as there could be a high enough density of consumers that currently 

face  high  transportation  costs  and  could  best  be  reached  with  a  secondary  product 

offering.  Cannibalization,  that  is  choosing to  sell  products  in  other  nearby locations, 

while beyond the scope of this thesis, is important with regards to the real  world firm 

decision to offer multiple products or even competing brands. This is a very important 

strategy many firms employ in the marketplace, even if it cannot properly be addressed 

here.

The assumption of a uniform consumer distribution means that at any given point 

on a line of length, l, which represents the possible range of a certain characteristic, the 

probability of a consumer being located there is merely  1 over  l. In the earlier figure, 
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consumer i located between the two firms at Ci, represents a location just as likely to be 

the  ideal  point  in  product  characteristic  space  as  any  other.  The  problems  with  this 

assumption, and some alternatives, as the topic of this thesis, will be discussed in depth in 

the following chapter.

BEYOND THE LINE: THE CIRCLE MODEL

One of the first moves beyond Hotelling's simple line model worth examining is 

the representation of firm (physical) location on a circle (Martinez-Giralt and Neven 1988 

and others).  S and T represent the two firms in the market, each can have two possible 

locations which leads to two possible relationships between the firms: segmenting the 

market in neighboring locations or interlacing with their competitor's location.

       Neighboring Positions      Intertwined Locations
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Using the  same assumptions  of  a  uniform consumer  preference  distribution,  a 

constant marginal cost of "zero, without loss of generality," and quadratic transportation 

costs,   Martinez-Girald  and  Neven  find  that  firms  choose  neither  of  these  options. 

Instead, it seems, a firm would choose to locate its two stores "at the same point," taken 

together  the  firms  are  essentially  maximally  differentiating.  In  agreement  with 

d'Aspremont et al. (1979), whom they cite, this model find that firms optimally locate at  

"opposite ends of the market" (Martinez-Girald and Neven 1988). As always, there is this 

general sense that firms are making these decisions in order to reduce price competition 

and allows firms to have a greater degree of market control in their sub-market. In great 

part because of the assumption of uniformity of the consumer preference distribution, the 

result of the authors' analysis is a symmetric equilibrium at opposite points on the circle. 

When generalized to more than two firms, the result is symmetric, equidistant locations 

around the circle.

The implications of this type of analysis for product differentiation, the topic at 

hand, seems limited, as it is originally framed as store location decisions, and a circle 

model cannot readily be used to analyze product characteristics. It does however illustrate 

the  absolute  importance  of  the  selected  abstracted  market  structure  and  its  related 

assumptions in the outcome of the analysis. By simply moving the analysis from a line to 

a circle model, the conclusion changes from minimal to maximal differentiation as the 

equilibrium outcome for the firms.  While  this  specific  work provides  only tangential 

material for this thesis, it illustrates the power many of the assumptions perpetuated in the 
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literature  have  over  the  outcomes,  and the  need to  not  so casually  overlook what  is 

acceptable to assume because of its historical roots in the literature.

Economides (1993), compares the equilibrium outcomes of more than one firm in 

a circle versus line model. Economides concludes that due to the bounded nature of the 

line, there is no "sub-game perfect equilibrium where the whole market is served." It had 

already been shown that a symmetric equilibrium in the short run and long run exist for n 

firms located on the circumference of a circle,  firms locate in symmetric,  equidistant 

locations. Economdies specifically analyzed the oligopoly model for the line and finds 

that "there exists no subgame-perfect equilibrium where the whole market is served." 

Later, other authors have re-approached this, comparing bounded versus unbounded line 

models for product characteristic space and support Economides in finding that using 

bounded space significantly changes the outcome. 

NEW IDEAS IN THE LITERATURE

Some important  changes  have  occurred  in  the  literature  over  time,  and  some 

unfortunate  assumptions  have  remained.  For  instance,  Sorenson  (1997)  studies  the 

location choice in vertically differentiated markets. Now, in large part because of both the 

assumptions  about  the  uniformity  of  the  consumer  distribution  and  the  lack  of  a 

meaningful  cost  structure,  Sorenson  concludes  that  firms  will  choose  to  minimally 

differentiate "at the top." The conclusion yields from the fact that the highest quality good 

should command the highest price in the market, but this ignores the fact that a high 
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concentration  of   consumers  at  the  bottom of  the  quality  spectrum could  be  a  more 

profitable location, or a high cost at the top could make this a less profitable one. 

Sorenson does  discuss  some of  the  incentives  firms  have  to  physically  locate 

together, namely, that consumers often "must engage in search activity," because they are 

imperfectly  informed  about  the  product  variants  available.  There  can  be  a  positive 

externality  for  a  firm  to  locate  next  to  their  competitor  for  this  reason.  However 

Klemperer (1992), argues that this sort of minimal differentiation also allows consumers 

to more easily purchase from multiple firms. In which case firms benefit from increasing, 

and not decreasing, consumers' search costs. Informally, while two grocery stores may 

want  to  be  present  in  the  same  market  (differentiating  themselves  based  on  mix  of 

products  offered,  customer  service,  etc  etc),  locating  immediately next  to  each  other 

makes it  easy for consumers to purchase only the cheapest combination of groceries. 

Whereas car dealerships benefit  from reducing the "cost" to consumers of comparing 

different  brands,  models,  prices,  and  lease  options,  benefiting  from  locating  near 

competitors.

Another  interesting  point  Sorenson  brings  forward  is  the  idea  that  quality 

differentiation,  which  is  traditionally  separated  from  horizontal  differentiation,  can 

simply be  viewed as  one  of  many dimension firms  may differentiate;  it  may not  be 

necessary to think of vertical (product quality) differentiation as distinctly different from 

horizontal (product characteristic) differentiation, other than the fact that without income 

constraints  or  price  differences,  the  majority  of  consumers  would  prefer  a  certain 

variation or feature to all other possibilities. Extending this logic can also allow for price 
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to be viewed as a characteristic firms use to differentiate. There are clearly more limited 

scenarios for which this would be appropriate, but it does allow more flexibility in how 

firm location decisions (and by extension profit maximizing decisions) are understood 

and framed.

A new assumption brought to the literature has been the change of the structure of 

the consumer's transportation costs. When instead of firms assuming linear transportation 

costs, they assume consumers have quadratic transportation costs, as discussed earlier, 

firms, in fact, will be motivated to maximally differentiate. These are, obviously, quite 

different  conclusions.  Rhee  et  al  (1992)  incorporate  the  idea  of  products  having 

observable and unobservable product characteristics (to the firm) that consumers base 

their  choice on.  Very heterogeneous consumers along the unobservable characteristics 

will lead firms to be "excessively similar" (to borrow Hotelling's words), as firms are 

unable to determine what, if any, other locations they could find sufficient demand to be 

profitable. However, when firms can reasonably measure consumer preferences along the 

observable characteristics consumers are using to evaluate products, the research of Rhee 

et al agrees that product differentiation will be the equilibrium outcome. 

Irmen and Thisse (1998) amplify this  discussion  by framing characteristics  as 

dominant or dominated via a salience coefficient -- the importance weight consumers 

assign  to  the  various  characteristics  a  product  does  (or  could)  have.  Again,  the 

assumption  of  uniformity of  consumer  preferences  is  kept,  and even  expanded:  “the 

weights are assumed to be the same across consumers.” The authors establish that the 

only equilibrium outcome is for maximum differentiation in one characteristic (the one 
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with the highest salience coefficient), and minimum differentiation in all others. There is 

an interesting modification they eventually use to expand this initial idea of one weight to 

one  characteristic,  where  instead  there  could  be  vectors  of  characteristics  to  which 

consumers assign weights, and differences along these vectors of characteristics could 

instead be maximized (or not). The standard reasoning about relaxing price competition 

by differentiating across a characteristic is maintained. In their analysis, firms do still also 

benefit from central location in the dominated characteristic(s) a la Hotelling’s original 

analysis. 

An  interesting  tid-bit  arises  from a  psychology  paper  Irmen  and  Thisse  cite: 

consumers do have a limited ability to process information, and thus, according to George 

Miller’s experiments, can handle no more than about seven dimensions across which to 

evaluate  a  product.  Beyond  this  point,  consumers  have  difficulty  structuring  their 

preference. This limitation, combined with the idea of vectors of characteristics, offers a 

decent  picture  of  a  significant  part  of  the  structure  in  which  consumer’s  choice 

mechanism(s) operate. Thus durable consumer goods, or products with many, technical, 

highly differentiable components, can be reduced to overarching categories. For instance, 

shopping for a car can readily be framed not as a decision among all the technical and 

superficial characteristics, but as “efficiency,” “speed,” “design,” etc. 

This also presents an interesting real-world trade off consumers often face: a V-4 

engine may use less gas, but have less power than a V-6 in the same car. (An area I would 

like to see discussed in the literature more is how the physical, structural characteristics 

of  a  product  often  force  consumers  to  trade-off  between  sense  or  experiential 
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characteristics they would prefer, especially with food. An easy example of this is seen in 

many canned and frozen foods: taste versus high salt content,  a concern many, many 

consumers face).

A short article by Garella and Lambertini (1999) offer a cruder version of this 

similar strain of thinking as expressed by Irmen and Thisse, categorizing characteristics 

as “good” versus “bad.” What this would allow explicitly is perhaps something akin to 

negative weights, and not just a ranking of characteristics. It would probably be equally 

as useful to simply substitute  “absence of X characteristic,” for the measurements  of 

“bad” characteristics. Of course, firms would wish to minimize differentiation “at the 

lowest feasible level,” for the “bad” characteristics, while at the same time, the authors 

hypothesize that there would be “excess differentiation along the "good" characteristics” 

in equilibrium. Again food, especially given the intensity of health trends that strike this 

industry, offers plenty of examples. How many products advertise the absence of trans 

fats, or rather attempt to minimally differentiate around this particular value? It is an easy 

enough phenomena to observe even in products that are naturally low fat or fat free (for  

all type of fats).

Economides  (1993) brings  up a  point  few others  address,  that  where minimal 

differentiation is an equilibrium outcome, firms are moving towards the central firm(s) 

and not necessarily the center of the market. He also notes that in the case of a bounded 

line with multiple firms, "the first and last firms (which face competition from only one 

side) have monopoly power," a location they can utilize to charge higher prices.
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RELAXING ASSUMPTIONS OF UNIFORM DISTRIBUTIONS

Without directly addressing consumer concentrations and distributions across the 

market,  a  few authors  have  looked at  the  impact  of  the  marginal  consumer  on price 

competition and firm (product or physical) location. This analysis implicitly relies on the 

assumption that consumers are not uniformly distributed, at least in the location where 

these  marginal  consumers  are  located.  A high concentration  of  consumers  indifferent 

between two locations or two products forces firms to compete more heavily in prices or, 

in the context of the product mix offered at a store, differentiate the combination of goods 

offered.  Klemperer  (1992)  wrote  in  the  context  of  both  situations,  evaluating  how 

changes in the number of indifferent consumers impacts firm behavior. Consumers may 

be  "brand-loyal  or  have  costs  of  using  additional  suppliers,"  and due  to  these  costs, 

consumers  "often  prefer  to  concentrate  their  purchases  with  a  single  supplier."  So, 

because of the additional search cost(s) consumers face, as well as potential utility losses 

from substituting less preferred brands for some of the products consumers buy, prices do 

not  accurately  reflect  the  cost  to  consumers.  Notably,  this  is  very  similar  to  the 

discussions around transportation costs, although with more of an emphasis on stickiness 

of preferences. Counter to the conclusions in other product differentiation literature, firms 

may be able to relax price competition by offering very similar selections in their stores. 

Klemperer concluded that when there is a high concentration of these marginal or 

indifferent consumers (consumers with the same transportation cost for both firms), then 

there is an incentive to compete heavily in prices in order to attract these consumers. 
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However, this article fails to capture two important costs: the impact of different 

cost structures on the ability of the firms to heavily compete in prices (an assumption 

taken for granted in the literature), as well as costs of advertising and other activities a 

firm might utilize in order to capture these marginal consumers. So while Klemperer's 

conclusion that the concentration of marginal consumers impacts price competition, it is 

tempered by this missing component. 

Sorenson (1997) notes that known concentrations of consumer preferences give 

firms an incentive to minimally differentiate. Firms face increased risk of failure if they 

attempt to locate in unknown zones, where they cannot predict demand, and also face 

higher costs related to informing consumers about products located farther away from 

locations already occupied by products.

FOOD MARKETS

As the author of this particular thesis has both an interest in the operation of food 

markets and the food industry, and draws heavily from this particular area of consumer 

goods for examples, it is worth considering some features unique to food markets.

Padberg  and  Westgren  (1979)  state  that,  "Conventional  hypotheses  regarding 

product competition and consumer buying behavior are inappropriate for examining...the 

modern  food  system."  Now,  clearly,  the  "modern  food system,"  and the  literature  of 

product  differentiation  have  changed  over  the  past  few  decades,  but  many  of  their 

criticisms are worth repeating. 



25

New product evolution in the food industry, while more recently has been rather 

susceptible to changes in or developments of altogether new technology, is not driven by 

this  force  alone.  Whereas  other  industries  are  more  dependent  on  technological 

developments and changes to drive the creation of new products or new product features, 

there  are  clearly  some  other  factors  and  forces  at  work  in  the  food  industry.  But 

regardless  of  the  impetus  for  the  introduction  of  new products,  one  of  their  biggest 

hypotheses is that "[c]onsumers are incrementalists," and thus radical changes to products 

or introductions of radically new items or categories may go over poorly with consumers 

(Padberg and Westgren 1979). Other authors argue that new products will garner some 

degree of interest both for the particular good and for the industry. It is unclear to what  

degree of differentiation consumer's  become unresponsive,  as well  as  how strong the 

relationship is between new product introduction (by either a new firm or current firm) 

and changes in demand overall, or impacts this might have on the elasticity of demand 

(cross or otherwise).

Conor (1981), in part hoping to expand upon the work of Padberg and Westgren, 

empirically tests for and confirms that product proliferation (the introduction of new and 

differentiated products) is a result of a differentiated oligopoly market structure. That is 

still easy enough to witness in any grocery store. Now, again, while Conor's work is a bit 

dated, and thus should be taken with a grain of salt, he notes that, "new products often 

have higher price/quality ratios than existing substitutes." New products also help firms 

erect barriers to  imitation of product lines, beyond the barriers to entrance erected by 

product differentiation itself.
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Conor also briefly discusses the most common dimensions of product-attribute 

space: basic ingredients, preparation method, shape and color, organoleptic properties, 

flavorings,  packaging,  time of manufacture,  intended occasion,  dietary characteristics, 

and reference or target group. It is certainly amazing the number of functionally similar 

products that use superficial characteristics to segment the market, which allows firms to 

price discriminate to some degree. Again, walking through the aisles of any supermarket 

easily reveals the prevalence of these characteristics in many, many of the products. 

In a similar vein to the earlier  argument of Matraves and Rondi regarding the 

benefit to market leaders of differentiating their products, Conor states that, "A firm that 

already holds a leading position in a given market will find it advantageous to develop 

products in adjacent space product-niches...," because any new entrant would thus require 

an equally large amount of shelf space to imitate the product line. Instead of focusing on 

the role of research and development, as Matraves and Rondi did, "sales and advertising 

intensity"  are  cited  as  having  significant  impacts  on  the  imitability  of  a  product  or 

product line.

Hopefully, this all has provided a decent framework for understanding both the 

evolution of and current state of the product differentiation literature. The next section 

will address the implications and use of uniform consumer distributions, and examine, 

specifically,  variants  of  bimodal  consumer  preference  distributions  on  the  relative 

location and pricing decisions of firms.
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III. Preference Distributions

The  focus  here  is  on  the  common  assumption  in  the  literature  of  a  uniform 

consumer  (preference  or  physical)  distribution.  As  stated  earlier  this  assumption  can 

make sense in the context of Hotelling's main street, but makes little sense elsewhere. 

This chapter will delve into both uniform consumer preference distributions and the few 

non-uniform consumer preference distributions that have been examined in the literature. 

From there, this thesis will examine the much ignored bimodal preference distribution (in 

one  dimension),  and  hypothesize  about  how  the  consumer  density  and  relative 

relationships of the elements of a bimodal distribution -- the trough, tails, and peaks --  

might ultimately impact firms' locations and prices in the market. While  this  is  not  an 

analysis that can be done via a game theory framework that results in a price-location 

Nash equilibrium, enough has been said, and enough can be deduced to at least provide 

for some interesting and useful hypotheses on the impact of various bimodal preference 

distributions on firms' relative location and price decisions.
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UNIFORM DISTRIBUTIONS

Sorenson (1997), like many other authors, problematically draws the rather sharp 

conclusion that firms will "minimally differentiate at the top of the vertical spectrum" 

because this is where firms can command the highest price in market, and thus earn the 

highest profits. Usually paired with the assumption of a uniform and regular consumer 

preference distribution, implicitly or explicitly, is the assumption of predictable demand. 

This assumption has two components. One is that demand is predictable in the sense that 

it  is  unchanging.  Because  of  this,  the  literature  provides  little  comment  on  how 

exogenous  changes  to  tastes  and preferences  might  impact  equilibrium locations  and 

prices, or how far demand must shift away from the current location so that the costs of 

changing a product's characteristics (including the cost of informing consumers about this 

change) are outweighed by the increases in revenue from moving to a more profitable 

location. These, and other related questions, are very significant concerns for the modern 

firm. 

The  other  component  of  this  assumption  is  that  firms  can  accurately  predict 

demand. This  is somewhat reasonable, especially for large firms in the food industry able 

to effectively use the massive amounts of product specific sales data available to them, 

but by no means is guaranteed. Over the life of the food industry, and more generally 

with non-durable consumer goods, there have been plenty of products touted as 'what 

consumers want,'  or 'the next big trend,'  that have ultimately flopped. For instance,  a 

colorful ketchup product aimed at children -- Heinz's EZ Squirt -- and kid friendlier fries 
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based  on  unusual  flavors  --  Ore-Ida’s  Funky  Fries  --  both  appeared  and  quickly 

disappeared  in  the  early  2000's  (Putnal  2009).   Ultimately,  predictable  demand  is 

reasonable when a market, does in fact, have a uniform and regular consumer preference 

distribution, and all of the related questions and concerns discussed become irrelevant. 

But because this is most decidedly not true, it is important for the literature to ultimately 

develop an understanding of  what  kinds  of  distributions  are  common and what  their 

implications are for firm product and pricing decisions. 

Uniform consumer preference distributions also falsely make the profitability of 

interior locations (in bounded characteristic space) or any location (in unbounded space) 

extremely dependent on prices and not the interaction of prices and the density of nearby 

consumers. A few authors have begun delving into implications of non-uniform consumer 

preference distributions, finding that consumer concentration does impact the degree of 

product differentiation and price competition in the market. In the literature review, many 

articles  cited  ultimately  came  to  conclusions  in  favor  of  minimal  or  maximal 

differentiation in the market; the following expands upon much of this earlier work to 

evaluate the outcomes of a few types of symmetric and asymmetric consumer preference 

distributions in both one dimensional and two-dimensional space.

WHAT HAS BEEN SAID

Peitz  (2002)  compares  a  distribution  with  identical  consumers  to  certain 

heterogeneous  consumer  distributions.  As  is  likely  obvious,  a  consumer  preference 
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distribution of  identical  consumers  results  in  firms selling identical  variants  at  prices 

equal to marginal cost, that is it is a competitive market. Like many other authors, Peitz, 

"without loss of generality," assumes that the firms have the same marginal costs and 

those costs are equal to zero. 

Peitz found that as a symmetric consumer density becomes more concentrated, 

one  possible  outcome  is  that  "firms  provide  (weakly)  closer  substitutes."  As  Peitz 

describes it, "firms tend to compete head-to-head," and prices are closer to marginal cost. 

This aligns with the common view that highly differentiated products, which are poor 

substitutes or products with a low cross product elasticity, give firms the ability to charge 

higher prices This is in part because they have more market power as quasi-monopolist 

for  a  least  some  sub-segments  of  the  market,  and  in  part  because  of  the  higher 

transportation costs consumers face when goods are located far apart. The author further 

states that asymmetric markets may produce conditions where one firm will sell to the 

"fringe  consumers"  (in  a  duopoly  market)  in  order  to  reduce  price  competition  and 

maintain product differentiation. Peitz is examining this question in one dimension, that 

is when firms can only differentiate along one characteristic, so there will be no possible 

solution where firms maximize differentiation in one characteristic but minimize it in the 

other(s). 

This article also notes that, "...a small heterogeneity of consumer tastes can give 

rise to large market imperfections." Along this vein, many firms find it profitable to target 

niche markets when this rouge group of consumers is willing and able to pay a significant 

premium in order to purchase products located closer to their preferences. Local products 
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are  a  wonderful  example  of  this,  and  even  Walmart,  the  extremely  price  sensitive 

superstore, is trying to incorporate this very profitable strategy into their store's selection.

Peitz is one of the few authors to touch on the point that, "...if there is a positive 

relationship between taste heterogeneity and profits," then at least one firm will have an 

incentive  to  change  or  increase  "consumer  tastes  in  favor  of  more  heterogeneity." 

However  if  the distribution moves in the other direction,  ultimately collapsing into a 

single point, the market is likely to act more and more like a competitive market, as all 

consumers demand the same variant. In a very simple analysis, this incentive for firms to  

effect  the  desire  for  differentiated  products,  and  specifically  their  differentiated 

product(s), can be seen as a simple maneuver to transfer consumer surplus to producer 

surplus. This aligns with the fact that always in product differentiation analyses consumer 

welfare is found to be reduced.

Scritmore (2003) like Peitz, primarily focuses on an increasing concentration of 

consumers, specifically towards the middle of the consumer preference distribution. Both 

Scritmore and Peitz conclude that an increase in the consumer density around a point "is 

associated with a reduction in product differentiation," in equilibrium. Scritmore divides 

the differentiation outcome into two effects, "price competition," and "demand." As with 

many other papers, several assumptions remain in place: constant marginal cost equal to 

zero, quadratic transportation costs, full market coverage, two-stage price-location game, 

and each consumer purchasing one product from one firm at most.

Meagher  et  al  (2007)  built  upon  earlier  work  by  Anderson  et  al  (1997)  that 

established  three  sufficient  conditions  for  the  existence  of  a  unique  pure  strategy 
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equilibrium  using  several  continuous,  univariate  probability  distributions.  Using  this 

criteria  Meagher  et  al  examine  several  common  distributions,  both  symmetric  and 

asymmetric  (although none that  are  multimodal,  likely because there would not  be a 

unique  price-location  equilibrium).  Ultimately,  unique  equilibria  are  obtained  for  the 

following  density  functions:  uniform,  normal,  logistic,  laplace,  power,  Weibull,  and 

Rayleigh.  Notably,  almost  all  are  unimodal  (except  for  the  power  distribution). 

Importantly,  the  authors  conclude  that  the  "uniform  distribution  inflates  the 

differentiation  effects."  This  assumption  of  uniformity,  it  seems,  is  foundational  to 

conclusions that support the Principle of Minimum (Maximum) Differentiation. Refer to 

the  Meagher  et  al.  article  if  interested  in  the  specific  price  and  location  equilibria 

calculated for each distribution. 

Marks  And  Albers  (2001)  work  agree  with  this  conclusion,  finding  "less 

differentiated market configurations" than for Nash equilibria (which rely on uniform 

consumer preference distributions). This was a small study performed on the hypothetical 

location  and  pricing  strategies  their  students  would  adopt  under  various  market 

constraints  and  conditions,  however,  it  is  comforting,  none-the-less,  that  would  be 

entrepreneurs  in  profit-maximizing  scenarios  ultimately  conform  to  some  of  these 

findings about the inflating effects of uniform consumer preference distributions.

MY CONTRIBUTION

By  now,  it's  clear  that  the  assumption  of  a  uniform  consumer  preference 

distribution is both pervasive and problematic. A comparative statics analysis of various 
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bimodal consumer preference distributions in one-dimensional space is merely an early 

contribution to the process of creating more dynamic and realistic tools for analyzing 

product differentiation and firm behavior in oligopoly markets. 

Several assumptions common in the literature, despite being problematic, will be 

utilized  in  this  discussion:  bounded,  continuous,  and  univariate  product-characteristic 

space,  duopoly  market  structure  without  the  threat  of  entry,  marginal  cost  will  be 

essentially ignored (taking a value of zero for both firms), firms will be assumed to be 

non-colluding, products cannot be combined, each firm will only offer one variant, and 

consumers have quadratic (and not linear) transportation costs. Most of these have been 

discussed, briefly, in the previous chapter. 

This analysis will also NOT employ a two-stage price-location game or utilize any 

of  the "tools"  of  game theory.  As Matraves  and Rondi  (2007) mention,  game theory 

analyses  in  this  context  yields  extremely  sensitive  prediction  and  is  hard  to  test 

empirically in part due to the large number of unobservables (which, I would add, the 

literature tends to assume are irrelevant anyway). The meat of this thesis will attempt to 

parse  the  various  elements  of  both  symmetric  and  asymmetric  bimodal  consumer 

preference distribution and analyze their  impact on firm location and pricing,  both of 

which will be determined endogenously to the model.  Assume the distributions being 

compared are composed of the same number of consumers, varying only in taste; that is 

integrating any of these bounded distributions will result in the same number of total 

consumers in the market.
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Bimodal,  or  any  multimodal,  preference  distribution  can  be  interpreted  as 

reflecting separate sub-populations of the market that can result in unique equilibrium 

prices, however this certainly is just one possible interpretations of multimodal consumer 

preference distributions. Regardless of who these  people are, preference peaks are very 

important  for  where  firms  locate  their  products  in  our  one-dimensional  product-

characteristic  space.  This  analysis  will  stick  to  examining  variations  of  a  bimodal 

distribution, in part for ease of analysis, and in part because examining a multimodal 

distribution demands a more nuanced analysis than allowed, given the constraints of the 

assumptions in use. The important factors, as has been stated many time are the tails, 

trough,  and peaks,  but  specifically the  consumer  density  of  these  elements  and their 

relative relationship to each other. All of these factors will interact to effect the price and 

location  decisions  of  the  firms  via  the  variants  ultimately offered  in  the  market,  the 

fierceness of price competition between the firms, and the cross-product elasticity (which 

can also be viewed as how substitutable consumers view the two products).

The simplest and most obvious distribution to start with is that of a symmetric, 

bimodal preference distribution for a horizontally differentiated characteristic. The x-axis 

is  the  product-characteristic  axis  and  the  y-axis  is  the  number  of  consumers.  Taken 

together  it  describes  the  distribution  of  consumer  preferences  for  various  product 

characteristics.  The analysis will start with the firms' products located where the two 

peaks occur,  at  points  A and  B,  and determine if  there is  a  better,  profit  maximizing 

location.  This analysis  will  also examine how a change to certain components of the 
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distribution effect  the firms'  strategies  for profit  maximizing (via  price and location), 

ceteris paribus. This distribution looks something like:

      A          B
The first factor to examine is the consumer concentration or density near the peak 

locations (assume the impacts of consumers located at the tails and trough are negligible, 

that is these components have extremely low consumer densities). Heavily concentrated 

consumers  creates  market  conditions  similar  to  a  monopoly,  with  most  consumers 

demanding (approximately) either variant A or variant B, and only one firm supplying it.  

A high density near the peaks suggests a small variance for the separate market segments. 

Consumers will collectively have a fairly strict preference for the product with the exact 

features of either variant, and will collectively be very unwilling to accept substitutes, i.e.  

the  other  product,  except  under  circumstances  where  there  is  significant  price 

discounting.

I suspect there will be a strong relationship between the variance of consumer 

preferences in  the sub-markets  and the elasticity of demand.  Higher  density peaks in 

conjunction  with  very  low  density  tails  and  trough  will  likely  yield  more  inelastic 
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demand curves. The other part of this suspicion is that consumers' reservation prices (i.e. 

their maximum willingness-to-pay for a product) will be strongly related to the proximity 

of the actual product to their ideal location in product characteristic space. Generally, by 

locating in the middle of the highest density areas, firms will be able to charge the highest 

price the market can maintain, because this is where the most consumers willing to pay 

the highest price (for getting their ideal product) are located.

It is worth noting that although this analysis is occurring in continuous product-

characteristic space, studies and taste tests often reveal that consumers can only detect 

differences,  especially  with  regards  to  tastes,  to  an  imperfect  degree  of  preciseness. 

Because of this, it seems even more reasonable that the peak locations, A and B, will be 

good approximations for consumers at and near the peak locations of the two different 

market segments. This is reasonable, too, considering how much of food purchases are 

based on taste (or perception of taste). Low substitutability is another indicator that the 

demand curves faced by each firm will be fairly inelastic. As stated before, firms will 

have the ability to charge relatively high prices (compared to other market scenarios) if 

they locate their products at or very near where the peaks occur because of consumers'  

reservation prices and transportation costs.

  A    B
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If, instead, each market segment has a large variance, that is the consumer density 

at and near the peaks is low, firms will have significantly reduced power in their ability to 

set high(er) prices and earn high(er) profits, as more consumers will find their preferred 

location in product characteristic space farther from the actual products offered in the 

market, as compared with the previous, high-density, example. The substitutability of the 

two  firms'  products  will  still  be  low,  however,  many  consumers,  regardless  of  how 

imprecise their organoleptic sensitivities are, will noticeably find that the product offered 

at the closest peak location is much less than ideal, and thus have a lower reservation 

price (again, than as compared with before). The other impact firms will face will come 

from the way high-variance, low-density peaks, like those pictured above, will alter the 

composition of transportation costs faced by consumers, so that more consumers will face 

higher transportation costs.  

Transportation costs can be incorporated into the "price" consumers evaluate a 

product as having in the form of a variant of utility and disutility values, as was discussed 

in chapter two. This means that firms cannot charge as high of market prices for their 

products  (ceteris  paribus)  relative  to  low-variance  and  high-concentration  peaks.  As 

noted earlier, this suggests it is in the interest of firms to use advertising and other means 

in  order  to  encourage  consumers  to  either  view  the  product  as  being  closer  to  the 

consumer's preference location, or to change consumer tastes and preferences so that hey 

are closer to the variant offered in the market. I think the intro micro example of a rent-

seeking firm expending resources  in  order  to  ultimately transfer  consumer surplus  to 

producer surplus via artificial changes to the market applies rather well to this analysis, 
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regardless of some of the controversy surrounding (assigning a dollar value to) these 

surplus values.

     A    A1              B1         B
The  density  of  the  trough  describes  the  density  of  what  are  likely  marginal 

consumers,  if  the firms are offering variants at  the peak locations.  Klemperer  (1992) 

discusses how a large concentration of marginal consumers in the market creates stiffer 

price competition, as firms, having already established their (physical) locations, attempt 

to lure consumers indifferent to the options, whose only constraint is getting to one firm 

or  the  other.  In  reality,  if  this  population  is  significant  enough  (a  relatively  high 

concentration  of  consumers)  firms  have  an  incentive  to  cater  to  this  market  with  a 

different offering (or perhaps a third firm would have an incentive to enter the market), or 

to in some way segment this population in order to price discriminate. This would allow 

the firms to avoid offering what would be deep discounts to consumers located at and 

near  the  peaks,  while  still  competing  to  make  their  product  better  priced  than  the 

competition,  given  the  actual  price  plus  transportation  costs.  I  suspect  that  price 
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discrimination and product differentiation, especially with regards to packaging and the 

targeting of certain holidays and groups of people, are closely linked for his reason.

However, given the constraints employed in the current analysis, there will be no 

third firm or third product. Instead, as the density of the trough approaches the density of 

the  peaks  (for  the  time  being,  the  concentration  of  consumers  at  the  tails  is  still  

negligible),  the distribution starts  to look more and more like a variant  of a uniform 

preference distribution, with the firms moving gradually closer together. It's reasonable, 

then,  the  outcome  of  this  consumer  preference  structure  will  be  similar  to  that  of  a 

uniform  consumer  preference  distribution  when  the  peaks  and  troughs  become 

indistinguishable,  leading  firms  to  locate  closer  together  at  lower  prices,  like  in 

Hotelling's original analysis.

At  the  other  extreme,  if  the  trough  contains  an  almost  negligible  amount  of 

consumers and the tails, in fact, have rather high densities, the market begins to look 

more and more like two separate markets with each firm able to act as a monopolist. The 

marginal consumers, at the trough, hold little sway over the firms' choices. Depending on 

these consumers' reservation prices and transportation costs, they may not even be served 

by the market. This structure will be the one delved into in the next chapter, and thus 

discussion will be saved until then.

As is hopefully clear, this is by no means an exhaustive and definitive analysis, 

merely  a  solid  hypothesis  parsing  the  elements  of  the  simplest  kind  of  multi-modal 

consumer  preference  distribution  in  the  simplest  kind  of  oligopoly  market.  The  next 
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chapter will be used to examine some case studies, and get a more solid grasp on product 

differentiation as it relates to real world firm behavior.
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IV. Real World Applications

This  chapter  will  utilize  case  studies  to  explore  real  world  examples  of  firm 

product  location  decisions  that  suggest  a  response  to  bimodal  consumer  preference 

distributions, this space will also be used to place this discussion in the context of real 

firm decision-making.

CASE STUDY -- CARBONATED SOFT DRINKS (CSDs)

Dubé (2004)  modeled  the  market  for  carbonated  soft  drinks,  using  household 

panel data to assess the substitutability of and demand for various CSD product types and 

sizes,  based  on  socio-demographics,  household  composition,  weather  and  holiday 

impacts,  ingredients,  prices,  and  advertising  and  marketing.  Dubé  found  that,  "the 

distribution suggests an almost even split between positive and negative valuations of 

diet," and that "households with a female head under 35 years old," were more likely than 

other households to purchase diet products. However, demographics alone do not explain 

differences in preference for diet drinks, indicating unobserved consumer heterogeneity 
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in tastes and preferences. As both a calorie- and sugar- free product, sales data alone does 

not indicate which characteristic, if either, is more preferred by consumers. Interestingly, 

other studies of product demand have also found that demographics alone are unable to 

fully account for differences in tastes and preferences.

All  of  the products showed strong substitutability along package size,  both in 

terms  of  bottle  or  can  ounces  and  number  of  units  in  a  pack,  especially  for  larger 

households. This article also finds that substitution for diet products occurred along the 

lines of caffeine versus caffeine-free versions of specific carbonated soft drinks, rather 

than  across  brands  (e.g.  lemon-lime  CSDs).  Approximately  half  of  the  top  selling 

carbonated  soft  drinks  are  diet  products  according  to  Beverage  Digest,  a  trade 

publication, however, most of these products place in the bottom half of the 2010 top ten 

list. 

Based on Dubé's finding, this is a good (very simple) approximation of what the 

consumer preference distribution for diet versus regular carbonated soft drinks looks like:

Regular >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>> Diet
Approx. Preference Distribution for CSDs

The far left can be interpreted as consumers with a strong preference for regular 

CSDs, and the far right the location of consumers with a strong preference for diet drinks. 
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There is  clear  market  stratification,  with a higher  concentration of  consumers  around 

regular soda products than diet soda products. 

The  best  interpretation  for  the  middle  section  of  this  distribution  would  be 

consumers with a preference for reduced calorie and reduced sugar CSDs, however there 

is a very low concentration of consumers here. This is inferred from the lack of CSDs 

actually available on the market that would meet this criteria. While this product absence 

could be a consequence of constraints on the production side -- e.g. a food technology 

problem  --  or  the  firms  inadequately  measuring  demand,  these  interpretations  seem 

unlikely, if not downright implausible. Food scientists and the technology behind them 

are able to produce food and drink products to very exact specifications, and both of the 

major CSD firms have well funded  marketing and consumer research arms. Specifically 

with  regards  to  carbonated  soft  drinks,  there  is  little  evidence  of  any non-negligible 

amount of consumer demand for "light" (reduced calorie and sugar) CSDs, however it 

must be acknowledged that both firms own a variety of tea, fruit, water-like, and energy 

drink alternatives that may serve these consumers not present in the CSD market itself,  

but looking for “light” beverages.

A German study centered on orange flavored carbonated soft drinks (Enneking et 

al 2005) similarly found that about 34% of their sample was calorie sensitive consumers, 

and  this  group  found  sugar  alternatives  a  much  more  acceptable  option  than  other 

consumers,  especially  if  the  product  was  clearly labeled  as  containing  some kind of 

"alternative  sweetener  system."  The  non-calorie  sensitive  consumers  responded  to 

reduced  sugar  and  sugar  alternative  CSDs  with  a  significantly  high  and  negative 
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response.  This  lines  up  with  the  model  presented  here,  where  there  is  a  negligible 

concentration of consumers in the trough, and two very distinct sets of consumers whose 

preferred products are not very substitutable. 

This  is  an  asymmetric  bimodal  consumer  preference  distribution  that  does 

ultimately result in something akin to maximal product differentiation for the products, 

however it is a result of the negligible concentration of consumers in the trough, and very 

significant  concentrations  of  consumers  at  opposite  ends  of  the  distribution  (this  is, 

presumably,  in  bounded  space).  If  these  firms  had  conformed  to  Hotelling's  original 

analysis  and  outcome,  assuming  a  uniform distribution  and minimally differentiating 

their products, they would have found themselves in an unprofitable location. 

It is worth noting that this model better explains intrafirm differences in products, 

as the carbonated soft drinks industry is rather notably and obviously comprised of two 

large firms offering very,  very similar  brand mixes.  The limitations  of one firm,  one 

product, for this reason, are problematic for the modern food industry as will discussed 

later in the chapter. However, this case study is easily one of the clearest examples of a 

well defined bimodal consumer preference distribution. 

PRODUCT DIFFERENTIATION IN THE FOOD INDUSTRY

This question is easy enough to answer with a trip to the grocery store. Fresh 

produce  often  comes  in  several  naturally  occurring  varieties,  with  intentional 

differentiation occurring along production related factors like organic, fair trade, local, 
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and country of origin. Whereas processed food products, being able to be more precisely 

manufactured via food science and technology, differ along taste characteristics as well as 

packaging features meant to target different groups or holidays. This is an interesting 

phenomena whereby products that are similar in terms of both function and taste are in 

some  way  superficially,  and  successfully,  differentiated.  Perhaps  the  most  obvious 

example of this  is  canned beans. While this  product varies across quality,  or perhaps 

perceived quality,  canned beans  are  also  often  physically  separated  in  stores,  with  a 

separate selection of brands and pricing schemes for Hispanic consumers, however it is 

questionable how different these products intrinsically are.

Due  to  the  degree  of  firm  concentration  in  the  food  industry,  an  interesting 

phenomena is that of the back-of-the-box cross product promotion. Kraft, which owns 

Nestle, their namesake, Oreo, Oscar Mayer, Philadelphia cream cheese, and many, many 

other brands is able to use the back of their cracker boxes, for instance, to promote their 

other brands in a complementary manner. Again, this is a very relevant phenomena in the 

food industry obscured by assumptions in the product differentiation literature, like that 

of the one firm to one product limitation to the market structure. 

One of the other interesting elements of the food industry is the strong influence 

of health trends that pervade this industry. This ties into labeling schemes, like Weight 

Watchers approved products, ingredient trends, like the high fructose corn syrup backlash 

that is developing or the move to make allergen free products more readily available, and, 

most  obviously,  nutritional  and diet  trends  that  so often occur.  The last  is  especially 

interesting because firms are placed in a position of trying to separate short term trends 
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that result from, for instance, food safety scares or the latest diet craze, from longer term 

trends in consumers buying habits. Product differentiation in a dynamic sense can allow 

firms to create brands and products that develop long term consumer loyalty, as well as 

introduce limited time offerings to try to capture short term trends and regional variations 

in preferences. 

Product differentiation is an inherent part of the food industry. The discussion here 

is merely a glimpse of the iceberg of how pervasive product differentiation is among food 

and drink products and the many forms it can and does take. Furthermore, these firms 

face a wide variety of consumer preference distributions, but, as this chapter established, 

there is clearly evidence that bimodal consumer preference distributions are present in the 

food industry. The next chapter will examine where the literature can go next, and then 

wrap up with a few concluding remarks.
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V. Conclusion

This final chapter will attempt a few critiques of the model proposed here, offer 

suggestions for where the product differentiation literature can go next, and wrap up with 

some final commentary.

CRITIQUES

First and foremost the propositions put forth in this thesis lack a solid empirical 

foundation. Access to detailed sales data via companies like Nielson that offer scanner 

data,  i.e.  product  specific  sales  and  pricing  data,  would  be  valuable  in  this  regard, 

however there are other limitations the product differentiation literature needs to address 

in order to provide more meaningful commentary on the topic. Ultimately, few products 

have neatly ordered, continuous characteristics. Many product characteristics are not only 

discrete values, but discrete and without any meaningful way to order them with regards 

to a specific measurement, other than strength of preference of x-characteristic (or x- 

vector  of product  characteristics).  Once products,  rather  realistically,  are  examined in 

multi-characteristic space, the ability to examine product characteristics as a function of 
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location becomes even more difficult. Consumers face trade-offs between characteristics 

when making choices between firms' products, as it is highly improbable that consumers 

assign equal weights to all characteristics (an assumption often implicitly found in the 

literature, if multi-characteristic space is discussed at all).

Meagher et al (2007) established that unique equilibrium prices and locations are 

only possible for a limited number of consumer preference distributions, and bimodal (or 

any multimodal) consumer preference distribution is not one of them. In this regard, it is 

worth saying that the goal is less to find (possible) definitive solutions, and more to begin 

a  more  nuanced  conversation  about  product  differentiation  --  that  does  not  result  in 

minimum or maximum differentiation definitively -- starting with the various elements 

that impact firms' pricing and location strategies.

Asymmetric distributions once again were not really a part of the picture, but are 

certainly  realistic  with  regard  to  consumer  preferences.  Working  purely  within  a 

theoretical context  made it  difficult  to come to any definitive conclusions about how 

various asymmetric distributions might ultimately impact firm price and location choices.

Working with only two firms and two products is another problem. As discussed 

in  the context  of  high concentration troughs,  it  can lead to  equilibria  that  are  not  as 

profitable as when these assumptions are dropped (especially the one-product to one-firm 

assumption). As noted in the CSDs study, many products are also purchased in bundles, 

and assuming otherwise, especially in the food industry, creates for a less than realistic 

picture of the structures shaping how firms operate. 
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Ultimately, however, within the context of the assumptions used and despite being 

purely hypothetical,  the models  produced offer  some sound insights  into how a very 

valuable consumer preference distribution, the bimodal distribution, will impact firms' 

relative location and pricing decisions.

WHERE THE LITERATURE CAN GO NEXT

One of the more interesting aspects of product differentiation is the prevalence of 

competing  products  offered  by the  same firm,  this  primarily  entails  major  consumer 

goods conglomerates operating competing brands. As has been mentioned this form of 

cannibalization  requires  balancing  the  profit  impacts  of  choosing  to  compete  with 

yourself  versus  the  gains  from moving  into  adjacent  spaces  in  product  characteristic 

space.  Investigating this  via the tools of product  differentiation,  even including game 

theory modeling, could offer some interesting insights into the optimal brand number and 

mix for a firm. It is also interesting that many large firms selling food or drink products  

offer similar mixes of goods.  Orange juice is  another excellent example of this,  with 

firms differentiating across quality (reconstituted orange juice to not from concentrate to 

organic), with many brands offering a similar mix of orange juice and orange juice blends 

as well as several different pulp options. 

This,  too,  ties  into  private  label  branding,  and  the  development  of  separate 

"premium"  private  label  products  alongside  their  no-brand,  low-cost  alternatives.  It 
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would be interesting to examine how various types of advertising for branded products 

affects the sales of private label products.

No  interaction  between  consumers  and  firms  is  complete  without  at  least  a 

mention of information asymmetries, which when it comes to food and drink products 

results in serious implications for national health and well-being. One study (Dimara and 

Skuras  2005) found  that  consumers  consistently  overestimate  what  various  labeling 

schemes mean about  a product.  However,  again,  the product differentiation literature, 

while it has addressed search costs, could say more about the implications of information 

asymmetries on the price and location outcomes in the market.

Moving  away  from  some  of  these  tangential  topics,  product  differentiation 

literature, in this author's opinion, has two major topics that need to be better addressed: 

cost structures and multi-characteristic analyses.

Creating better methods for incorporating different costs and cost structures will 

also likely alter some of the outcomes in the product differentiation literature. There are 

definite  location-cost  trade-offs,  even  when  looking  at  the  original  models  around 

physical location. Again, firms must perform a balancing act, choosing to be closer to 

high density locations in product characteristic or physical space with the potential higher 

costs of these locations. This is especially true when products are differentiated across 

quality or utilize different inputs or production processes. 

Incorporating multiple characteristics, which has been broached by a few authors, 

lends  itself  rather  well  to  looking  at  a  single  distribution  that  shifts  with  exogenous 

changes to the other characteristics in question. And of course actually having access to 
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real  sales  data,  while  being  able  to  accurately  measure  consumer  preferences  across 

characteristics (there is  evidence that  self  reporting leads  to  an overestimation of the 

importance of value of the characteristics in question), allows for more precise analyses 

that go beyond theoretical models. 

As for the uniform consumer preference distribution, this author can only hope 

that  this  assumption  is  ultimately  dropped,  or,  at  the  very  least,  more  consciously 

maintained given the serious influence it has on the outcomes produced in the literature. 

Ultimately, however, it has no place in the modern market for consumer goods.

FINAL THOUGHTS

Theorizing over the decision factors that impact product differentiation choices by 

firms allows economists to develop a more nuanced view of firm behavior, especially in 

oligopoly markets. Game theory's application to product differentiation has allowed for 

misleading conclusions,  that  are  framed in deceptively absolute  term,  by establishing 

"sub-game perfect Nash equilibrium" for both price and location that ultimately supports 

The Principle of Minimum Differentiation or The Principle of Maximum Differentiation. 

So while this nuanced view may lead to less precise and definitive conclusions, it allows 

economists to get a better grasp on all the factors that impact what products ultimately 

appear in the market.

This thesis is structured as a comparative statics analysis, focusing specifically on 

the elements that compose bimodal consumer preference distributions, the peaks, trough, 
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and tails. Clearly there are also many other realistic preference distributions that can also 

be analyzed, beyond bimodal or multimodal consumer preference distributions. Broadly, 

firms  most  profitable  location  choice  is  most  often  where  the  highest  density  of 

consumers  is,  due  to  both  transportation  costs  and  reservation  prices,  and  as  that 

concentration  becomes  more  diffuse,  firms  have  less  power  in  the  market  and make 

relatively smaller profits due to pricing constraints.

As  has  been  stated  many  times,  this  thesis  by  no  means  offers  a  definitive 

conclusion, just strong hypotheses of firms' optimal, profit maximizing price and location 

choices within the constraints of a theoretical model and symmetric bimodal consumer 

preference  distributions.  Product  differentiation  is  a  fascinating  field  that  provides  a 

meaningful  framework  through  which  economists  can  examine  the  very  everyday 

experience  of  shopping  for  both  durable  and  non-durable  goods,  and  how  firms 

effectively navigate this space. With any luck, this thesis merely offers a few insights into 

how to bring the theoretical discussion closer to what can be observed in the marketplace 

by real  world  firms  as  well  as  slowly working to  change the  assumptions  taken for 

granted in the literature.
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