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Abstract

The consumer’s choice over a bundle of products depends on the observable and
unobservable characteristics of the product and the consumer. The choice is made over
the basis of maximizing utility subject to their income restrictions and, at the same time,
firms make product differentiation decisions over the basis of maximizing profit. Quality
is one way to differentiate products. An example of this type of differentiation happens
in the TV market where several displays are developed. Our objective is to determine
the probability for a consumer of choosing a type of display among five kinds: standard
tube, LCD, plasma, projection and LED. Using a multinomial logit, we find that
electronic appliances such as DVDs and audio systems, as well as socioeconomic
status, increase the probability of choosing a high-tech display television. Our empirical
approximation contributes to the further understanding of consumer rational behavior
through the theory utility maximization and highlights the importance of studying the
market structure and analyzing changes in welfare and efficiency.
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A DISCRETE CHOICE MODEL APPROXIMATION TO THE
CONSUMER’S CHOICE AMONG TELEVISION DISPLAYS

Carlos Giovanni Gonzalez Espitia and Natalia Serna Borrero

1. Introduction

Several factors affect the consumer decision over his bundle of choices. Price and quality
are some of them. In the case of the market of electronic appliances, firms often produce many
varieties of products within the same line of production to increase profit. This market exhibits
certain level of imperfect competition due to the vertical differentiation of goods by quality. In fact,
differences in quality are a form of price discrimination that has little or nothing to do with the
production cost (Hastings, 2004). Thus, variations in price and quality explain why consumers
choose or buy one product over another. Other factors affecting it are the demographic
characteristics and unobservable attributes of products and buyers, which can emerge from

external shocks to demand (Berry, Levinsohn and Pakes, 2003).

We follow the theoretical framework of utility maximization. This framework states that
consumer’s preferences can be modeled through a utility function, in which an ordinal measure of
product satisfaction is the variable of interest and price and income are determinants (Mas-Colell,
Whinston, Green, 1995). Quality and exogenous shocks to demand also determine the
consumer’s decision over the bundle of choices. In our paper, we use a discrete choice model as
an approach to the indirect utility function (Nevo, 2003). We apply this method to the television
market in order to determine the consumer’s choice over a type of TV display. Specifically, the
multinomial logit predicts the probability for the consumer i of choosing a type of display j,
conditional on observable and unobservable characteristics of both products and consumers.
This empirical approximation to the television market contributes to the further understanding of
consumer rational behavior through the theory of maximizing utility. It also incentives the study of
market structure and welfare implications through the theoretic linkages between the firms’

problem of maximizing benefits and the consumers’ problem of maximizing utility.

This paper is structured as follows: besides this introduction, the second section presents

the theoretical framework. In the third section, we introduce the empirical approach. Then, in the



fourth section, we describe our database and the relevant variables for the multinomial logit. In
the fifth section, we present the estimations and, finally, some conclusions.

2. Discrete choice models for estimating demand systems

The estimation of differentiated products demand systems is an efficient way to analyze
substitution patterns and market share for a family of products. It is also a way of addressing
observable and unobservable characteristics of products that determine the decision on whether

a consumer buys certain attributes.

Anderson, Palma and Thisse (1989) proposed a specific characteristics framework to
model product differentiation. They linked several conceptual approaches in their study: the
‘representative consumer model” (Spence, 1976 and Dixit and Stiglitz, 1977), the bundle of
characteristics model (Lancaster, 1979; Archibald, Eaton and Lipsey, 1986), and the probabilistic
choice framework (Perloff and Salop, 1985). Using the logit, probit, and linear probability models
the authors concluded, ‘randomness in observed consumer behavior lies in the unobservable
characteristics that influence consumer choices” (Anderson et. al, 1989, pp. 1). In the particular
case of the multinomial logit, they stated that consumer and product heterogeneity are the same
at the aggregate level. Then, using aggregated data would solve the problems of unobserved

heterogeneity and yield consistent and asymptotically efficient estimators.

Dale and Roheim (1990) also developed one of the theoretical approaches regarding the
use of micro-data to estimate demand systems. They suggested that micro-data helps to
measure the effects of demographic variables. However, household-level data tend to have many
missing values because some goods have zero consumption levels. His issue motivates the
authors to use a censored dependent variable or otherwise they will obtain biased results. Further
analysis showed that a more accepted method was developed to estimate demand systems, it is
known as the BLP method, described next.

Berry et. al. (2003) showed that micro and macro data are important to describe the
consumer’s preference relation, which depends on price and the distribution of attributes among
products. Their results showed that as the variance of the error term, representing random tastes
for a specific characteristic, increases, then products with similar attributes become better



substitutes. The BLP procedure also helps to model the decision of buying the outside product
(i.e. the decision of not buying or dedicating the remaining income in buying products outside of
the bundle). However, when macro-data is not available then variables such as market share,
which is correlated with the error term, has to be obtained through simulations over the logistic

distribution of the probability for consumer i of choosing product j with characteristics k.

Additionally, Nevo (2003) used demand systems to evaluate the determinants and
implications on welfare. He studied the effect of quality changes in existing products and inclusion
of new products. Using data for ready-to-eat cereal, he estimated a discrete choice model and
concluded that despite increases in price, the consumed quantity had also grown because of the
development of higher quality. So, a general increase in welfare was perceived. Precisely, the

error term captured the effect of unobserved characteristics like quality on consumer welfare.

The difference between the BLP method and the approach developed by Nevo (2003)
relies on the treatment of unobserved product characteristics. For the first authors, the error term
shows the evolution of the unobserved product characteristics, while the second assumes these

characteristics are fully represented by the residual.

Nilsson, Fostrer and Lusk (2006) also used the BLP model in their study. The random
utility maximization theory helped them exemplify the demand for certified pork chops in the
United States. The discrete choice model applied in their study allows elasticities and product
substitutability to vary between three consumer segments in the pork chops market. After
evaluating the demand elasticity, the authors showed that as the number of certification attributes
increases within each class, the own-price elasticity increases as well. Then, although the buying
probabilities are equal, the degree of substitutability varies considerably between consumer
segments. This gives evidence on the importance of including demographic characteristics in the
specifications.

Dunn (2012) developed another application of the BLP procedure in the anti-cholesterol
drug market. The author finds that risk factors and drug insurance have a significant effect on the
decision of purchasing anti-cholesterol drugs. They also build a price index, in which quality-
adjusted prices suggest that the real price of non-statin drugs has declined over the period of
1996 to 2007. Nonetheless, this result is independent of the variation of the unobserved mean
utility. So, under certain conditions, price is independent of external shocks to demand.



Consumer’s choice can also depend on previous choices. Bass (1969) argues that the first
purchase decision follows a S-shaped pattern. The author focuses on the diffusion theory in
which the probability of adopting a new product depends on market potential, the number of
adopters, brand, and generational factors such as the incremental market potential. The diffusion
model approach may be suitable for analyzing the market of durable goods. However, it does not
allow studying competition among products nor considering the demand for future products.
Addressing these limitations, Lee et al. (2006) developed a “conjoint analysis estimation of the
static random utility function” that preserves the generational factors, includes the consumer’s
preferences for new products and allows to forecast a product’s market share. Lee et al. (2006)
applied this method to estimate the future demand of large-screen TVs in Korea. In this same
fashion, Sultan (1999) examined the individual’s inter-temporal preferences for different levels of

technology in high-definition televisions.

Several factors are important for the estimation of demand systems: first, technological
changes affecting the dynamics of demand are relevant for the study of the TV market, in the
sense that it helps explain consumers’ expectations. The development of new technologies
accounts for a large portion of the variation in price, making it relevant for the study of the
substitution patterns within the line of production. Second, the choice of price or level of quality

implies matching the characteristics of both the demand side and the supply side (Epple, 1987).

Moulton, LaFleur and Moses (1998) studied the TV market, particularly the quality
improvements in televisions and how this affected their price levels. The authors used the CPI
television component in the U.S and designed a hedonic price approach that captures the effect
of innovations in the field of sound, display and size. Their estimations yielded the next results:
important quality changes came from the surround sound, projection and picture-in-picture
inclusion. However, tied services like free delivery or console models did not help explain the
changes in price. In terms of the size of the television, results verified that the effect of screen
size on the marginal price had fallen with the passing years. The fact that there are many
available sizes and varieties of televisions in the market implies that it is not difficult for
consumers to choose certain size conditional on price. Moulton et. al (1998) also determined that
a typical television set remained in the sample for less than a year, but the replacement items
were selected in order to be close enough in characteristics to the one the consumer used to
have. Then, replacements did not explain changes in quality for televisions.



Utility maximization is the theory behind our specification, which depends on vertical
differentiation of goods by quality analyzed first by Gabszewicz and Thisse (1979) in oligopolies.
The television market in the United States can also be considered as an oligopoly because brand
names explain quality and price differentiation: “a set with the same screen size and other
observable characteristics with a premium brand name, such as Sony, may sell for as much as
50 percent more than similar television from a less prestigious brand” (Moulton, 1998, pp. 9). The
existence of price variations among similar products means there are several choices for

consumers over TV display and other attributes.

Because price measurements impact the level of utility reached by a consumer, the
demand system comes from an indirect utility function that depends on price and observable
characteristics of both consumers and products. The level of utility given certain attributes will
determine the consumer's choice. Then, utility is a discrete variable and its estimation

corresponds to a discrete choice model for which we have assumed a logistic distribution.

The statistical approach used in this paper follows the analysis of Anderson et. al (1989).

We use a multinomial logit to obtain unbiased and consistent estimators.

3. Empirical strategy

Although price is correlated with unobservable product characteristics (because external
shocks to demand exert an upward or downward pressure on price) and some of these
characteristics are quality improvements, we correct endogeneity through an instrumental
variable approach. In the case of vertical product differentiation, theory also states that it is
expected that suppliers’ market share is correlated with price to the extent that market power
derived from quality improvements will traduce in higher prices. Hence, we control by market

share in our model.

We are interested in estimating the next indirect utility function:

(1) vij = Bo+ XijxiiB + BijZij Bi + &



Where v;; is a discrete variable denoting five types of T.V display (standard tube, LCD,
plasma, projection and LED), x,; is a vector of observable product characteristics that vary for
each individual £, z;; is a vector of observable consumer characteristics that vary for each type of
display j, f5; and j5; are the vectors of coefficients describing the constant effect of products’ and
consumers’ observable characteristics on the probability of choosing a type of display,
respectively. And &;; is the error term that satisfies i.i.d and for which we assume a logistic

distribution.

The statistical model for the choice of TV display is:

exp [Xif})
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It is important and easier for the estimation procedure that the odds ratios do not depend

on the other choices. However, consumer’s behavior is determined by the exposure to the five
types of display at the same time. Therefore, the log-likelihood that comes from designating

&;; = 1 for the choice of display j by the i, individual (Greene, 2012), is:
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The derivatives for this log-likelihood have the next form:
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In the case of having data in the form of proportions, for example market shares (n;), as in

this study, the proper log- likelihood function is:
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And its derivatives:
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In the next section, we describe our database and present some descriptive statistics.

4. Data and descriptive evidence

For the multinomial logit estimation, we wish to analyze the probability and determinants of
choosing a type of T.V display. The public-use microdata comes from the Residential Energy
Consumption Survey of 2009 (RECS) developed by the U.S Energy Information Administration.
This database has 12,083 household respondents and contains information on housing unit
characteristics, home appliances and electronics, fuels, housing unit measurements, fuel bills,

household characteristics, energy assistance and scanning of fuel bills.

From U.S Energy Information Administration we also found information about the amount
of televisions supplied to each region in the United States. This variable helps us build the
cumulative market share of different TV suppliers by region. This procedure works well because
each consumer was also identified by region, so we were able to merge these databases. The

explicative variables used in the estimation of the multinomial logit are reported in table 1.

[Insert Table 1]

Competition in the TV market is imperfect because although there are a lot of consumers,
some suppliers (Sony, Samsung, Panasonic, LG, among others) have market power. Product
differentiation implies high profit for firms and a large bundle of choices for consumers. Hence, to
determine the expected sign of the coefficients in our model, we characterize the television

market in this section.

The supply of standard tube televisions and recent developments such as LCD, plasma or
LED is evidence that companies within this sector cannot perfectly distinguish their consumers.
Firms design menu, bundling or tying strategies so that buyers are self-selected and they can
maximize profit (Ekelund, 1970). Based on the available data, we modeled the effect of price
discrimination through the changes in electricity tariffs conditional on the type of TV display. In
other words, we focus on the savings on the electricity bill (Electricity cost) when choosing a

display.
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Based on this empirical approximation, we expect the coefficient for DVD and TV audio
system to be positive for the alternatives that display a better image. As the price of televisions is
falling (see Graphic 1) we can also expect a positive effect for income>$100.000 over the

probability of interest.

[Insert Graphic 1]

Graphic 1 shows the decreasing tendency of prices for televisions mentioned by Moulton
et. al (1998). During 2008, the CPI for televisions was around 16 points for the month of January.
The same for 2009 was around 12 points and in 2010 it decreased until 9 points. The CPI series
for the three years shows that there have been both, structural and short-term, changes in the
prices of TVs. This can be explained by the inclusion of a great variety of televisions mainly by
screen size and type of display. Moreover, the price of televisions has a positive relation with the
size of the screen (Moulton et. al, 1998). The decreasing tendency in price should also be
reflected in the number of televisions owned per household. Data from the EIA, demonstrates that
the average number of televisions in a house has increased from 1 in 1978 to 2.5 in 2009. In fact,
over 45 percent of homes have bought a large-screen television (approximately 37 inches or

larger).

The next table shows the frequencies of the discrete independent variables used in our
study and the means of the continuous variables:

[Insert Table 2]

From these statistics we can see that more than a half of the individuals reported having
televisions with a screen between 21 and 26 inches wide. A higher percentage of the sample had
televisions connected to a satellite box (55.41%) rather than to a cable box (24.49%). Also, most
of the televisions have a DVD (51.96%) instead of a VCR (17.85%). However, just 19.24% of the
individuals have an audio system installed. With respect to the frequency of use, most people
(around 56% of the sample) use their televisions between 3 and 10 hours both during weekdays

and weekends.

Regarding the demographic variables, there are 5% more females than males, but only

14% of the sample are hispanic. Nevertheless, 31% of hispanics earn more than US$70,000 and
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a part of this income is dedicated to the payment of the electricity bill that in average charges
US$1,352.

[Insert Table 3]

The dependent variable in our study is Display that denotes 5 types of displays coded 1 for
Standard tube, 2 for LCD, 3 for Plasma, 4 for Projection and 5 for LED. From table 3, we can see
that most of the individuals have a standard tube television, which is counter-intuitive given the
lower prices of more recent screens and the innovation in the field of image display. Despite this,
the percentage of individuals with LCD TV differs only in 2 percent from the ones having standard
tube.

[Insert Tables 4, 5, 6]

From table 4 we can see that only 10.48% of the standard tube televisions have a display
of 37 inches wide or more compared to the 73.85% of LED televisions with this screen size. For
the LCD, the percentage of televisions produced with a size between 21 and 26 inches, more

than doubles the percentage of plasma televisions with these dimensions.

The fact that televisions with high image resolution are developed with larger dimensions
gives some insights in relation to the usage of TV audio systems (home theater). Specifically,
8.91% of standard tube televisions had audio systems compared to the 38.46% of LED and
34.09% of plasma televisions. Firms that sell electronic devices such as televisions and home
theaters, have incentives to develop price discrimination mechanisms like the design of bundling

and tying strategies that affect the probability of choosing a display.

From table 6, high-income households prefer to buy the last technology developed for
television’s display. This can be noticed by the comparison between the 50.77% of LED
televisions bought by families with more that US$70.000 annual versus the 20.68% of standard

tube televisions for this same group, followed by LCD, projection and plasma displays.

Table 7 shows the proportion of satellite and cable boxes connected to each type of

display:

[Insert Table 7]
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The percentage of LED televisions connected to each type of box is not significant
compared to that of the standard tube and LCD. But, these results might be associated to the
participation of LED televisions in total sales for a supplier during the year the survey was

conducted, because this display was just entering the market.

Regarding the electronic appliances, the VCR, for example, is a common device for
standard tube televisions (56.62%) but it is no longer used for LED or plasma TV's (1.08 and
5.96%, respectively). Besides this, only a 1.45% of televisions with DVD were LED, followed by a
5.53% projection display, 10.35% plasma, 37.62% standard tube and 45.05% LCD.

5. Estimation

Before estimating a multinomial logit, we have to test IIA to see whether or not this type of
model is applicable. After performing the Hausman test for the null that the different irrelevant
alternatives or categories are independent, the chi-squared statistic (51 degrees of freedom),
assuming “standard tube” as the base category, yields a negative value of —22,997.22 which
fails to reject the null. In this test, a negative value for the chi-squared estimator is very common
as noted by Hausman and McFadden (1984). Therefore, a multinomial logit is suitable for the

interest of estimating the probability of choosing a television display.

Following this conclusion, table 8 presents the estimated coefficients for the multinomial
logit with “Standard Tube” as the base category.

[Insert Table 8]

Our model fits better than an empty model because the p-value associated to the model’s
test of significance is less than a significance level of 1%. The coefficients associated to the size
of the television, satellite box, cable box, combo VCR/DVD, VCR, DVD, television audio system,
householder’s gender and race, low income and high income family, are significant. When the
television at home has between 21 and 26 inches, the relative log odds of choosing an LCD
display vs. standard tube will decrease in 2.32 points. Variables such as having a VCR, being a
low-income family and a hispanic householder are also associated to a negative effect in the
relative log odds of 0.75, 0.33 and 0.18, respectively. While the connection to a satellite box and
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a cable box, having electronic appliances like DVD and home theaters (TV audio systems), being
a high-income family and a male, are all associated with increases in this relative log odds (0.23,
0.25, 0.29, 0.47, 0.36, and 0.09 points of increase, respectively).

Focusing on the relative log odds of choosing a plasma display vs. a standard tube, some
variables such as being connected to a satellite box and a cable box, having a combo VCR/DVD
and the householder gender, lose significance. However, characteristics that are more compatible
with Plasma TVs, maintain their significance, for example: TV size, VCR, DVD, audio system and
high-income family. For this specification, it is important to notice that the expenditure in the
electricity bill is significant at a 99% but its effect over the relative log odds of choosing a Plasma
TV over a standard tube TV is very small compared to the relative log odd of the other types of
screen. And also if the household has a television audio system, this will increase the relative log

odds of choosing a Plasma television in comparison to the base category in 0.70 points.

The electronic appliances that are more compatible with some displays are also associated
to larger changes in the relative log odds as the introduction of a type of display in the market is
more recent, like in the case of LED TV. The relative log odds of choosing a LED TV vs. a
standard tube will increase in 0.81 points when the household has a DVD and in 0.81 points if
they have a home theater. Furthermore, during 2009 the prices of Plasma televisions and LED
TV did not converge as they do in recent years this is why the effect of belonging to the high-
income group is larger for LED than for Plasma: having an income higher than US$ 65,000 is

related to a 0.69 point increase in the relative log odds of choosing LED over Standard tube.

On one side, for all specifications of the relative log odds, the estimated coefficient for the
television size is significant and negative: when it has between 21 and 26 inches wide, a
decrease in the relative log odds of choosing any type of display over the standard tube,
happens. This finding is related to the fact that consumers rather buy a large LCD, Plasma or
LED TV than a small one, because improvement in quality of the image displayed compensates
the relative increase in price. So, the category for televisions with a larger size (over 37 inches) is
expected to have an increasing effect- or at least no effect- on the relative log odds compared to
the categories of less than 21 inches and between 21 and 26 inches wide.

On the other hand, the effect of demographic characteristics is not significant for all
specifications. In the case of the householder gender, males tend to choose high-tech large

14



displays over the standard tube and small displays. For the relative log odds of choosing a
projection and a LED display over the base category, the increase associated to being a male is
of 0.62 and 0.32 points, respectively. The only reason for the existing relation between gender
and television size to be relevant is the increase associated to choosing a projection display,
which is the largest in magnitude compared to other types of screen. Moreover, projection

displays are not produced in small sizes; their size is usually larger than 52 inches.

The expenditure in electricity is considered to capture the effect of price on the relative log
odds of choosing display j. However, from table 8, the effect of the electricity cost is not
significant for all specifications. This implies that savings in the electricity bill are not relevant for
the consumer’s decision or, additionally, the electricity expenditure does not vary significantly by

type of display when all the other characteristics are considered.

Although the theory of vertical differentiation in the presence of oligopolistic markets states
that market power is a source for higher levels of prices, the measurement of the share value for
each type of display was not significant in any of the specifications. Firms should try designing
menus, tying sales or bundling sales to maximize profit. This idea is based on the significance of
demographic characteristics associated to the socioeconomic status of the household: belonging
to the high-income group is significant for explaining the changes in the odd of choosing any type

of display in relation to standard tube.

Next we will analyze the magnitude and direction of the effect of the explicative variables in
the probability of choosing each type of screen, independently of the base category. Table 9
reports the estimations for the marginal effects.

[Insert Table 9]

The marginal effect of Size less than 26 inches is negative for all the probabilities reported.
A television with this characteristic generates a decrease of the probability of choosing a LCD
display of 29 percentage points, a Plasma TV of 13, Projection of 9.5 and LED TV of 1

percentage point.

For cable box and satellite box their effect is significant only for LCD TVs. Once more,
electronic appliances that can be combined with the use of the television and demographic
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characteristics are also relevant to explain the variations of the probability. Specifically, the larger
effect among the electronic appliances comes from the television audio system, which generates
a 7.4 percentage point increase in the probability of choosing LCD, compared to the 5.3 increase
of having DVD. In terms of demographics, belonging to the high-income group and being a male
produce an increase of 6.8 and 1.4 percentage points, respectively in this same probability.
Reductions come from having a combo VCR/DVD, VCR, belonging to the low-income group and

being hispanic.

For plasma televisions, the marginal effect of gender and low-income household are not
significant, therefore, these variables do not affect the probability of choosing this type of display
compared to that of standard tube. Also, having a DVD increases the probability of choosing
Plasma in 1.4 percentage points and being a high-income household increases it in 1.3
percentage points. For this display, the magnitude of the effect of having a television audio

system is 4 percentage points less than LCD’s.

In the case of projection displays, the frequency of use has a significant impact over the
probability of choosing it: when the television is on more than 10 hours during weekends, the
probability of choosing projection display increases by 0.6 percentage points. As mentioned
before, men’s decision weights the most when deciding whether to buy a large TV or not. This
explains why in the case of Projection displays, being a male has a positive and significant effect
over the probability of choosing this type of screen. Despite this finding, the other demographic
variables such as income level and race have no significant effect. Then, in this particular case,
usage, television audio system and gender are the determinants of the increasing effect over the
probability of choosing projection display in relation to the base category.

LED TV’s are the most recent television development in the market by 2009. Most of the
explicative variables have no effect in the probability of choosing this display over the rest. As
stated before, consumers prefer to have large high-tech screens, which is why the effect of
having a display of between 21 and 26 inches wide, lowers the probability of choosing LED TV in
1.04 percentage points. While some electronic appliances like DVD and the TV audio system are
positively related to this probability, as well as belonging to the high-income group of households.

16



Resuming these findings, televisions nowadays come in bigger sizes. But, despite their
size and quality improvements, price does not seem to reflect these changes. As noted from the

CPI television component, the price for televisions is falling in time.

Most of the individuals in the sample, tie the purchase of the TV with other electronic
appliances, mostly with DVDs and audio systems. These products are very important in
explaining consumer’s decision. However, the frequency of use does not affect it, though
descriptive statistics showed that most individuals turned on their TV's between 3 and 10 hours

both during weekdays and weekends.

Some demographic variables also seem to influence the consumer’s decision: in the case
of gender, males prefer larger screens to small ones. Particularly, being hispanic only affects the
probability of choosing LCD and Plasma, but intuition behind this finding is not very clear at a first
sight, which is why we have to look at the relation between race and income level. 35% of the
individuals are hispanics who earn less than US$30,000, which is the income group that chooses
LCD the least. This explains why the effect of race in the probability of choosing LCD TV’s is
negative. 47% are hispanics with an income between US$30,000 and US$70,000. Individuals
within this group are the ones who choose a large portion of Plasma televisions as reported in

table 6, which explains its positive effect on the probability of choosing Plasma display.

According to the socioeconomic status, graphic 2 shows how the probability of choosing
LCD, Plasma and LED TV’s changes when the individual passes from a low-income group (less
than US$30,000), to a middle-income group (between US$30,000 and US$70,000), and to a
high-income group (more than US$70,000). All these probabilities are increasing with respect to
income: while the relation for LCD TV’s is linear; the probability of choosing a Plasma TV
increases more significantly when the individual passes from middle-income to the high-income
(from 0.74 to 0.86) group as well as for LED TV (from 0.009 to 0.015).

[Insert Graphic 2]

For 2009, our model predicts that for the average individual (for which the variables take
their mean value) 51% of the televisions chosen would be LCD, 7.6% of Plasma, 1.2% Projection
and a very low percentage of LED TV’s that at the time were just entering the market (see table

10). When the probability is calculated on the minimum value for each variable the prediction for
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LCD, Plasma and Projection displays are higher by approximately 8%, 4% and 5%, respectively.
Finally, when the probability is calculated in the maximum value for each variable, the predictions

decrease considerably except for plasma display.

[Insert Table 10]

In the next section we will address the main conclusions obtained from the study.

6. Conclusions, implications and futures lines of research

The television market has been a source of innovation and product development. Firms in
this market cannot perfectly identify the type of consumer. Instead, they develop several products
within one line of production. This strategic behavior increases the varieties of products among
which consumers choose. In this case, they face the decision of choosing one type of display
among standard tube, LCD, plasma, projection and LED. The decision is conditional on
demographics and observable product characteristics like size, frequency of use and the
electronic appliances connected to the TV. Our findings suggest that most of the televisions
chosen by consumers were LCD, while LED TVs had the least probability among the five choices.
Moreover, the use of electronic appliances increased the probability of choosing high-tech

displays.

Further evidence shows that the price of the TVs has been falling over a long period. Thus,
price might not be relevant in explaining the decision of consumers over the type of display and it
can also be associated to an inelastic demand. This fact is important for managerial decisions: in
the market of durable goods, demand inelasticity allows firms to increase their market share not
through increasing price but through making quality improvements, which in turn accounts for
more consumers buying their products. Other marketing strategies such as bundling or tying
sales facilitate the identification of consumers and also allow firms to charge higher prices.
However, in the TV market, lower prices and greater variety could explain the larger consumer
surplus and an overall increase in welfare should be appreciated.

An increase in market share means higher profit. The inclusion of the variable share in our
specifications yielded no significant results. This represented a limitation in our study because
predicting market share is one of the main results of a BLP model, and this empirical
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approximation constitutes a first step in such estimation. Then, future research should use non-
parametric techniques to obtain the probability distribution of the market share and enable its
prediction. Our data did not contain information about brand, so its impact on the consumer’s
decision could not be obtained directly. Nonetheless, we assume brand is correlated with quality.
The frequency of use and the value of the electricity bill were not relevant for the probability of

interest either.

In this type of market, only observable product characteristics for which consumers have
available information are significant to the estimation of the relative log odds of choosing a type of
display over the base category, standard tube. Among these are size and cable box connection.
Demographic characteristics impact the most in the decision; among these are gender, race and
socioeconomic status, for which we know that the probability of choosing large high-tech displays

is larger for males than for females.
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Table 1. Variable’s description for the multinomial logit

Dependent Variable Description
Display Display type of the most-used TV at home 1- Standard Tube
2-LCD
3- Plasma
4- Projection
5-LED
Observable product characteristics Description

Size less than 26 inches

Cable box

Satellite Box

Size of the most-used TV

Cable box or satellite box connected to the most-used TV

Cable box or satellite box connected to the most-used TV

1- Less than 26 inches
0-o.w

1- Cable box

0-ow

1- Satellite box

0-o.w

Observable product characteristics

Description

Use on weekdays 3-10h

Use on weekdays >10h

Use on weekends 3-10h

Use on weekends> 10h

Most-used TV usage on weekdays

Most-used TV usage on weekdays

Most-used TV usage on weekends

Most-used TV usage on weekends

1- Between 3 and 10 hours
0-ow

1- More than 10 hours
0-o.w

1- Between 3 and 10 hours
0-o.w

1- More than 10 hours
0-ow

Combo VCR/DVD Combo VCR/DVD connected to the most-used TV 1- Yes
0-No

VCR connected VCR connected to the most-used TV 1-Yes
0-No

DVD connected DVD player connected to the most-used TV 1- Yes
0-No

Home theater connected Home theater system connected to the most-used TV 1- Yes
0-No

Observable consumer Description
characteristics

Sex male Sex of householder 1- Male
0- Female

Hispanic/Latino Household is Hispanic or Latino 1- Yes
0-No

Income <$50.000

Income> $100.000

Electricity cost
Share

Household income

Household income

Total Electricity cost, in whole dollars of 2009
Cumulative energy suppliers’ share by region

1- Less that $50,000
0-o.w

1- More than $100,000
0-ow

Source: Own construction using RECS 2009
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Graphic 1. CPI Television Component monthly evolution 2008-2010
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Source: Own calculations using the U.S CPI Databases

Table 2. Frequencies and means of the explicative variables

Frequency of televisions

Variable with the characteristic Mean
Product characteristics
Size less than 26 inches 57.08
Cable Box 55.41
Satellite Box 24.49
Use on weekdays 3-10h 56.72
Use on weekdays >10h 12.13
Use on weekends 3-10h 58.16
Use on weekends >10h 16.51
Combo VCR/DVD 26.39
V/CR connected 17.85
DVD connected 51.96
Home theater conected 19.24

Variable it th eharactristic. 1"
Demographic Chacteristics
Sex male 47.02

female 52.98

Hispanic/Latino 13.85
Income<$50.000 24.82
Income>$100.000 31.38
Market Characteristics
Electricity cost 1,351.8
Share 0.2657

Source: Own construction using RECS 2009



Table 3. Dependent variable descriptive statistics

Display Relative freq.(%) Cumulative freq. (%)
standard tube 43.72 43.72
LCD 41.72 85.44
plasma 8.87 94.31
projection 4.60 98.91
LED 1.09 100.00
Source: Own calculations using RECS 2009
Table 4. TV display by size
. Between .
e otz e
inches

standard tube 19.2 70.31 10.48

LCD 442 35.53 60.05

plasma 2.08 16.15 81.78

projection 0.55 1.82 97.63

LED 3.85 22.31 73.85

Source: Own construction using RECS 2009

Table 5. TV audio system usage by type of display

TV audio system

No Yes
standard tube 91.09 8.91
LCD 75.58 2442
plasma 65.91 34.09
projection 62.54 37.16
LED 61.54 38.46

Source: Own construction using RECS 2009

Table 6. TV display by level of income

Income
Less than $30,000 Betwee$n7g§)%300 and M$o7r& (t)ggn
standard tube 3413 45.19 20.68
LCD 17.94 43.14 38.92
plasma 15.96 40.89 43.15
projection 14.39 43.90 4.7
LED 12.31 36.92 50.77

Source: Own calculations using EIA RECS 2009
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Table 7. Box and appliances connected to the television

St?:dbzrd LCD Plasma Projection  LED

Cable box M6 434 923 436 1,25
Satelitebox 4623 3956 842 491 0,88
DVD 3762 4505 1035 5,53 145
VCR 5662 3113 596 521 1.08

Source: Own construction using RECS 2009

Table 8. Estimated coefficients in the multinomial logit

Dependent variable: tvtype1

LCD Plasma Projection LED
Constant 1.317697  *** -0.3276681 -1.451898 b -3.225605 b
Size less than 26 inches ~ -2.322228 *** -3.327289 b -5.5702 b -2.785693 b
Cable Box 0.2362829 *** 0.1918584 * -0.0413439 0.27259
Satellite Box 0.2548151 *** 0.202921 0.1431437 -0.0677463
Use on weekdays 3-10h  0.0090826 0.0645542 0.119436 -0.1751772
Use on weekdays >10h -0.0360464 -0.1108815 -0.1666973 -0.5882908
Use on weekends 3-10h  0.0484374 0.0821721 0.2106831 0.298638
Use on weekends >10h 0.0056647 0.0740563 0.4751956 ** 0.5417993
Combo VCR/DVD -0.1547499 *** -0.1461294 0.1964259 0.1787332
VCR connected -0.7543142 *** -0.843825 b -0.1951108 -0.4986325 >
DVD connected 0.298637  *** 0.379406 b 0.4450937 b 0.8115727 b
Home theater connected ~ 0.4662821 *** 0.6991696 b 0.6461084 b 0.8796513 b
Sex male 0.0916627 ** 0.0889335 0.6215489 b 0.3266339 **
Hispanic/Latino -0.1807028 *** 0.2770605 b -0.0604865 -0.0600025
Income<$50.000 -0.330032 ** -0.2712154 ** -0.2552697 * -0.4154348 b
Income>$100.000 0.3615753 *** 0.3951451 e 0.2337319 ** 0.6954391 **
Electricity cost 0.0000281 0.0001436 b 0.0001272 ** -0.0000568
Share -0.4267415 -0.4506789 0.440018 0.6952247
N 11,935
Log Likelihood -10,807.66
Prob>Chi 0.000

(*) 90% significance, (**) 95% significance, (***) 99% significance.

Source: Own construction using RECS 2009
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Table 9. Marginal Effects after multinomial logit

Marginal Effects

Variable LCD Plasma Projection LED

Size less than 26 inches -0.2903389 **  -0.1307076 **  -0.0957109 ***  -0.0103971 ***
Cable box 0.0506458 ***  0.0042517 -0.0022418 0.0013464
Satellite box 0.0548311 **  0.0041193 -0.000076 -0.002037

Use on weekdays 3-10h -0.0000557 0.0041777 0.0013724 -0.0018549

Use on weekdays> 10h -0.0014553 -0.0057188 -0.0015939 -0.0045189

Use on weekends 3-10h 0.0061895 0.0034694 0.0021578 0.0025476

Use on weekends> 10h -0.0082244 0.0040111 0.0066651 * 0.0061905
Combo VCR/DVD -0.0354896 **  -0.0046809 0.0037601 ** 0.0027696

VCR connnected -0.1562828 **  -0.028681 *** 0.0028244 -0.0008713

DVD connected 0.0531912 **  0.0140446 ** 0.0031447 ™ 0.0061322 ***
Home theater connected 0.0738496 ***  0.0317445 *** 0.0044293 **  0.0065567 **
Sex male 0.0137665 0.0018542 0.0071947 **  0.0026243
Hispanic/Latino -0.0559991 ***  0.0294607 *** 0.0000603 0.0000524
Income<$50.000 -0.0690459 **  -0.0061325 -0.0008232 -0.0021237
Income>$100.000 0.0686161 ***  0.0129576 ** 0.0000607 0.0050662 **
Electricity cost 0.0000 0.0000 b 0.0000 * 0.0000

Share -0.0956681 -0.0161374 0.0085031 0.0092458

(*) 90% significance, (**) 95% significance, (

***)

Source: Own construction using RECS 2009

99% significance
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Table 10. Predicted probabilities for each category of TV display

Pr(LCD) Pr(Plasma) Pr(Projection) Pr(LED)
At means 50.61% 7.58% 1.25% 0.99%
At minimum 58.16% 12.95% 6.04% 0.74%
At maximum 27.68% 31.71% 3.69% 0.30%

Source: Own construction using RECS 2009
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