












2.3 Consumer Level Data

The consumer level data come from the Survey of Media and Markets conducted by Simmons

Market Research Bureau. Simmons collects data on consumers’ media habits, product usage,

and demographic characteristics from about 20,000 households annually. I use two years of

the survey from 1996-1997 (data from 1998 were not publicly available).13 Households in

the Simmons data contain at least one respondent 18 years or older. Descriptive statistics

for the overall population and the sample used in estimation are given in Table 3.14

Ideally, one would have data on an individual’s product purchase, demographics, and

exposure to product advertising. Unfortunately, micro-level purchase and advertising ex-

posure data are not available for the PC industry. While the Simmons data are not ideal,

they do contain information that allows me to link demographics with purchases and to con-

trol for heterogeneity across households in advertising media exposure. I use these data in

combination with the macro market share (from Gartner) and advertising data (from LNA)

to obtain more precise parameter estimates.

Simmons collects information on PC ownership, including whether the individual pur-

chased a PC in the past year and the PC manufacturer. Approximately 11% of the house-

holds purchased a PC in the last 12 months. However, the Simmons data are not detailed to

the product level. Respondents were not asked any specifics regarding their PC other than

the manufacturer. In addition, only 15 manufacturers were listed separately. I use the Sim-

mons data to construct moments relating individual purchases and demographic attributes

to product attributes. The micro-moments are valuable when used in conjunction with

the macro-level product data. The strategy of using both micro-data and macro-data in

estimation follows recent work by BLP (2004) and Petrin (2002). I discuss the construction

of the micro-moments in more detail in section 4.2.

13 To reduce the sample to a manageable size, I select respondents randomly from each year. The final
sample size is 13,400.

14 The Simmons survey oversamples in large metropolitan areas, however this oversampling causes no
estimation bias because residential location is treated as exogenous.
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The consumers may decide not to purchase any of the goods; instead they may decide

to purchase the “outside” good. The outside good might include nonpurchase, purchase of

a used PC, or purchase of a new PC from a firm not included in the “15 included firms.”

The presence of an outside good allows for lower market sales in response to a market wide

uniform price increase. The indirect utility from the outside option is

ui0t = α ln(yit) + ξ0t + ²i0t,

where the price of the outside good is normalized to zero. Since I cannot identify relative

levels of utility, the mean utility of one good is not identified. Thus, I normalize ξ0t to zero.

I assume a consumer purchases at most one good per period.21 The consumer chooses

the good which provides the highest utility, U, from all the goods in his choice set. First I

consider the case in which the consumer has full-information regarding the products for sale.

Consumer i will purchase good j at time t if and only if

Ujt ≥ Urt,∀r 6= j.

Define the set of variables that results in the purchase of good j : Rjt ≡ {(yit,Dit, νi, ²ijt) :

Uijt ≥ Uirt ∀r 6= j}. Assuming ties occur with zero probability, the probability that

(yit, Dit, νi, ²ijt) fall into the region Rjt (i.e. the market share of product j) is

sjt =

Z
Rjt

dF (y,D, ν, ²) =

Z
Rjt

dFy,D(y,D)dFν(ν)dF²(²) (5)

where F (·) denotes the respective known distribution functions. To derive the market share

of product j, I integrate over the observed joint distribution of (yit,Dit) and the assumed

distribution of (νi, ²ijt) in the population, where the second equation follows from indepen-

dence assumptions. In order to obtain simple expressions for choice probabilities, I assume

the ² are distributed i.i.d. type I extreme value. Therefore the probability that product j is

chosen conditional on (y,D, ν) is given by the multinomial logit (MNL) choice probability.

21 This assumption may be unwarranted for some products for which multiple purchase is common. How-
ever it is not unreasonable to restrict a consumer to purchase one computer per quarter. Hendel (1999)
examines purchases of PCs by businesses and presents a multiple-choice model of PC purchases.
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demographic characteristics.

As advertising increases, the information technology approaches one but it is non-zero

even for zero advertisements. The latter property comes from the presumption that a fraction

of consumers are informed even if there is no advertising, that is φ(a = 0) > 0, which allows

for positive demand when no advertising occurs. The magnitude of the probability that a

consumer is informed when no advertising occurs is determined by eD0
itλ.28

Since I assumed the unobservables have known, independent distributions, I integrate

over them and the joint distribution of income and consumer attributes in the population.

This yields the market share for product j

sjt(p, a) =

Z
sijtdF (y,D)dF (ν)dF (κ) (8)

where sijt is given in equation (6). Market share is a function of prices and advertising of all

products. When all firms advertise more and the information probability for all products

approaches one, market share approaches the standard full information choice probability.

Naturally, the smaller is the information technology the smaller is product market share.

Demand for product j at time t is Mtsjt, where Mt is the market size given by the number

of households in the US.

3.3 Firm Behavior

I assume there are F firms in an oligopolistically competitive industry and that they are non-

cooperative, Bertrand-Nash competitors. Each firm produces a subset of the J products,

Jf . Suppressing time notation, the profits of firm f are

X
j∈Jf

(pj −mcj)Msj(p, a) +
X
j∈Jf

Πnhj (p
nh, a)−

X
m

mcad
jm(

X
j∈Jf

ajm)−Cf (9)

28 There are a number of reasons why individuals may be informed, even in the event that they haven’t
seen an advertisement. They may have received information by word-of-mouth, experience with the product,
or exposure to other non-advertising media coverage (i.e. read a magazine article). See Anand and Shachar
(2001).
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4 The Estimation Technique

The parameters of the model associated with the demand-side are Υ, β, and θ = {α,Σ,Π, θφ}

and the supply-side parameters are η and ηAD. Under the assumption that the observed

data are the equilibrium outcomes, I estimate the parameters of the model in two stages.

First, I use individual-level data on media exposure (from Simmons) to estimate the

media-specific parameters, Υ, that measure how exposure varies with observable consumer

attributes. These parameters are estimated separately using maximum likelihood.

Then the remainder of the parameters, {β, θ, η, ηAD}, are estimated simultaneously by

generalized method of simulated moments (GMM). There are four “sets” of moments:

(i) Moments arising from the demand side, which fit the model’s predictions for product j’s

market share to its observed market shares

(ii) Moments arising from firm’s pricing decisions, which express an orthogonality between

the cost side unobservable ωj and appropriate instruments

(iii) Moments arising from the firms advertising media choices, which express an orthogo-

nality between the advertising residuals (constructed so as to allow for corner solutions)

and the instruments

(iv) Moments arising from individual-level data on manufacturer choice, which match the

model’s predictions for the probability of a purchase from firm f (conditional on con-

sumer and product characteristics) to observed purchases from the Simmons data

Before discussing the moments in more detail, I outline the method used to control for

heterogeneity in household media exposure, which results in the first-stage estimate of Υ.
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Yim < c(q−1)m, where cqm and Υm are parameters. Let Ziqm be an indicator function equal

to one if i’s level of exposure falls in quintile q, which yields

Pr(Ziqm = 1) = Φ
¡
c(q−1)m −Ds0

i Υm
¢
− Φ (cqm −Ds0

i Υm)

where Φ is the cumulative standard normal. The likelihood function for medium m is

$m =
NY
i

5Y
q

£
Φ
¡
c(q−1)m −Ds0

i Υm
¢
− Φ (cqm −Ds0

i Υm)
¤Ziqm

I estimate the dsim-dimensional parameter vector Υm separately for each medium. The

estimates remain constant throughout the remainder of the estimation procedure. There are

two implicit assumptions in this process. The first is that the error terms are independent

across media and the second that the errors associated with estimating Υ are independent

of the errors associated with the rest of the model.

4.2 The Moments

I use individual and product level data to fit moments predicted by the model to their data

analogs. First, I discuss the derivation of demand and marginal cost unobservables used in

the first two sets of moments. The derivation of these moments follows the algorithm used

in BLP. Then I discuss the role of corner solutions and the resulting (third set of ) moments

associated with advertising media choices. Finally, I explain the role of the individual-level

data in constructing the fourth set of micro moments.

BLP-Type Moments Following BLP, I restrict the model predictions for product j’s

market share to match the observed market shares.

Sobst − st(δ, θ) = 0, (14)

where Sobst and st are the vectors of observed and predicted market shares, respectively. I

solve for the mean utility vector δ(S, θ) that is the implicit solution to (14). I substitute
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δ(S, θ) for δ when calculating the models predictions for the moments discussed in the re-

mainder of this section.34 Using δ(S, θ), I solve for the demand side unobservable used in

the first moment

ξjt = δjt(S, θ)− x0jβ. (15)

In vector form, the J first-order conditions from (12) are

s−∆(p−mc) = 0

where ∆j,r = −∂sr
∂pj
Ij,r with Ij,r an indicator function equal to one when j and r are produced

by the same firm and zero otherwise. These FOC’s imply marginal costs given by

mc = p−∆−1s (16)

Following in the tradition of the new empirical IO (Bresnahan, 1989), I use the estimates of

the demand system to compute the marginal costs implied by equation (10). The production

cost side unobservable used in the second moment is obtained by combining equations (16)

together with equation (10) and rewriting as follows

ω = ln(p−∆−1s)− w0η (17)

where ∆ and s are functions θ and δ.

Advertising Moments (Corner Solutions) The third set of moments arises from firm’s

optimal advertising media choices. If products were advertised in all media, construction of

these moments would be more straightforward. However, some firms choose not to advertise

34 I use a contraction mapping suggested by BLP to compute the vector δ (S, θ) . Under mild conditions
on the distribution of consumer tastes Berry(1994) shows that there is a unique relationship between the
choice of the vector δ and the vector of market shares predicted by the model, s(δ, θ).

24



some products in some media. To construct moments that allow for corner solutions, I use

a method proposed by Gourieroux et al.(1987).

The method is best illustrated by considering a simple example. Let y∗i denote the latent

variable, where y∗i = xiβ + ui. We observe the latent variable if y∗i ≥ 0, and 0 otherwise.

The errors, ui(β), are linked with the latent variables y∗i . Since they depend on unobserved

variables, the errors cannot be used in constructing moments. Gourieroux et al. suggest an

alternative method: replace the errors by their best prediction conditional on the observable

variables, E[ui(β) | yi], and use these to construct moments.

In this paper, the latent variables are optimal advertising levels and, due to non-linearities,

the application is more complicated, but the technique is the same. Let a∗jm denote the latent

variable. We observe

ajm =


a∗jm if ∂Πj/∂ajm |ajm=a∗jm= 0

0 if ∂Πj/∂ajm |ajm=0< 0

where Πj is the profit associated with product j given in equation (9). For ease of exposition

rewrite the advertising medium FOC (equation 13) as

ln (hjm(ajm))− wad0jmψ = υjm (18)

where hjm is the marginal revenue associated with advertising mediumm (the left-hand side

of equation 13). The latent variable, a∗jm, is the implicit solution to equation (18). In

this context the errors, υjm, cannot be used since they depend on the latent variable a∗jm.

Instead, I use the best prediction of the errors conditional on the observed level of advertising

to construct moments.

Following the method proposed by Gourieroux et al.(1987), to allow for corner solutions I

construct moments arising from a tobit likelihood function. Using the marginal costs asso-

ciated with advertising media (equation 11) and the interior first order conditions (equation
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13), the a tobit likelihood function is given by

$ =
Y

j:ajm>0

1

συ
φ

Ã
ln (hjm)− wad0jmψ

συ

! Y
j:ajm≤0

1− Φ

Ã
ln (hjm)− wad0jmψ

συ

!

where φ is the standard normal pdf and Φ is the cumulative standard normal. Due to

computational complexity I must be parsimonious in my choice of parameters, therefore in

estimation I normalize the value of σν = 1. Hence, the corresponding log likelihood function

is

X
j

1(ajm > 0) lnφ(ehjm) + 1(ajm = 0) ln³1− Φ(ehjm)´
The generalized residual for the jth observation is

eυjm(bΘ) = E[υjm(bΘ) | ajm]
where Θ are the parameters associated with equation (18) and bΘ its maximum likelihood

estimator. The generalized residual is then

eυjm = ehjm1(ajm > 0)− φ(ehjm)
1− Φ(ehjm)1(ajm = 0)

The (third set of ) moments express an orthogonality between the generalized residuals

eυjm(bΘ) and the instruments. For instance, the Θ that solves

1

J

X
j

∂ehjm
∂Θ

eυjm = 0
is the MOM estimator, where ∂ehjm

∂Θ
are the appropriate instruments. Let T (δ,mc, θ, ηAD)

be the vector formed by stacking the residuals over media and over products. I use the

resulting sample moments to construct a GMM estimator.

Micro Moments The Simmons Survey of Media and Markets consists of a sample of

consumers, their characteristics, and their manufacturer purchase information. Up until

this point the Simmons data have been used only to estimate the Υ, in calculating the
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instruments and interact them with the macro disturbances and micro residuals. Hold

the instruments fixed at these values for the duration of the estimation. (9) Search for the

parameter values that minimize the objective function

bΛ0ZA−1Z 0bΛ
where bΛ is the composite error term resulting from simulated moments. If the parameters

don’t minimize the moments (according to some criteria) make a new guess of the parameters.

Repeat until moments are close to zero.44

Using the results of Pakes and Pollard (1989), this estimator is consistent and asymp-

totically normal. As the number of psuedo random draws used in simulation R → ∞,

the method of simulated moments covariance matrix approaches the method of moments

covariance matrix. To reduce the variance associated with simulation, I employ antithetic

acceleration as described in the simulation literature (for an overview of simulation tech-

niques see Stern, 1997 and 2000). Geweke (1988) shows if antithetic acceleration is im-

plemented during simulation then the loss in precision is of order 1/N (where N are the

number of observations), which requires no adjustment to the asymptotic covariance matrix.

The reported (asymptotic) standard errors are derived from the inverse of the simulated

information matrix which allows for possible heteroskedasticity.45

5 Preliminary Analysis

Before estimating the full-model, I conduct a series of logit and probit regressions, which

allows me to examine in a simple framework how advertising impacts demand and supply

and guides the choice of variables to include in the structural analysis.46

44 I use BHHH derivative based optimization routine to obtain parameter estimates. To obtain a smooth
simulator (necessary in order to use derivative based optimization algorithms), I construct an importance
sampler. This sampler uses the initial choice set weight to smooth choice probabilities.

45 The reported standard errors do not included additional variance due to simulation error.

46 While reduced-form estimation is computationally easy, structural analysis has many advantages. It
provides estimates that are invariant to changes in policy or competitive factors. Another advantage is
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Tables

Manufacturer Percentage Unit Share Percentage Dollar Share
1996 1997 1998 1996 1997 1998

Acer 6.02 5.89 4.42 6.20 6.02 4.37
Apple 7.39 5.00 6.97 6.66 5.79 9.16
Compaq 12.18 18.81 17.53 11.89 16.29 16.43
Dell 2.22 2.42 1.92 2.46 2.87 2.57
Gateway 7.80 11.13 13.36 8.94 11.77 16.43
Hewlett-Packard 4.07 5.37 10.16 4.02 5.52 10.05
IBM 8.06 7.01 7.75 8.49 7.42 6.85
NEC 3.13 3.22
Packard Bell 26.83 23.48
Packard Bell-NEC 23.23 17.78 21.02 16.33

15 included 85.31 83.15 81.08 83.61 82.34 83.88

Total Home Sales 7,736 9,217 11,343 $16,529 $18,610 $17,673
Notes: Others in the "15 included" are AST, ATT(NCR), DEC, Epson, Micron, and Texas Instr.
Total unit sales are in thousands, dollars in millions.  In 1997 three mergers occurred:
Packard Bell, NEC, and ZDS; Acer and Texas Instr.; Gateway and Advanced Logic Research

Table 1: Home Market Shares of Leading Manufacturers

Manufacturer Advertising Total Ad to Sales Ad$ per Market
Expenditures Market Share Ratio Share Point

Apple $181 8.88% 4.90% $20.37
Compaq $240 16.10% 2.56% $14.91
Dell $227 16.02% 2.28% $14.17
Gateway $358 15.07% 5.99% $23.75
Hewlett-Packard $466 9.62% 10.28% $48.44
IBM $1,079 7.30% 19.55% $147.82
Total for PC market $2,068 3.34%
Note: Dollars are in millions. Total market share is dollar market share for all sectors (home,
business, education, and government).

Table 2: 1998 Advertising Expenditures for Selected Manufacturers



Variable Description Sample Population
Mean Std. Dev. Mean Std. Dev.

male 0.663 0.474 0.661 0.473
white 0.881 0.324 0.881 0.324
age (years) 47.381 15.676 46.866 15.129
midage (=1 if 30<age<50) 0.443 0.497 0.449 0.497
education (years) 13.980 2.543 13.998 2.347
married 0.564 0.496 0.572 0.495
household size 2.633 1.429 2.631 1.428
employed 0.695 0.460 0.693 0.461
income ($) 56745.33 45246.23 56340.40 44464.85
inclow (=1 if income<$60,000) 0.667 0.471 0.669 0.471
inchigh (=1 if income>$100,000) 0.107 0.309 0.106 0.308
own pc (=1 if own a PC) 0.466 0.499 0.470 0.499
pcnew (=1 if PC bought in last 12 months) 0.113 0.317 0.112 0.316
Notes: Unless units are specified variable is a dummy. Number of observations in survey is 39,931. Sample size is 13,400.

Table 3: Selected Consumer Attributes

Variable Description Mean Std. Dev. Min Max
cable (=1 if receive cable) 0.749 0.434 0 1
hours cable (per day) 3.607 2.201 0 7
hours non-cable (per day) 3.003 2.105 0 6.2
hours radio (per day) 2.554 2.244 0 6.5
magazine (=1 if read last quarter) 0.954 0.170 0 1
number magazines (read last quarter) 6.870 6.141 0 95
weekend newspaper (=1 if read last quarter) 0.819 0.318 0 1
weekday newspaper (=1 if read last quarter) 0.574 0.346 0 1
Notes: These summary statistics are based on reports published by Simmons Market Research.

Table 4: Media Exposure



Dependent Variable: Purchased PC in Last 12 Months
Explanatory Variable Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error
Constant -1.5549 ** (0.1399) -1.5133 ** (0.1376) -1.4907 ** (0.1383)
age 0.0141 ** (0.0058) 0.0140 ** (0.0058) 0.0132 ** (.0058)
age squared -0.0002 ** (0.0001) -0.0002 ** (0.0001) -0.0002 ** (.00006
edusp (education if <11) -0.0585 ** (0.0075) -0.0588 ** (0.0075) -0.0609 ** (.0074)
eduhs (=1 if highest edu 12 years) -0.3427 ** (0.0503) -0.3441 ** (0.0502) -0.3579 ** (.0500)
eduad (=1 if highest edu 1-3 college) -0.1735 ** (0.0466) -0.1715 ** (0.0465) -0.1838 ** (.0463)
edubs (=1 if highest edu college grad) -0.1028 ** (0.0398) -0.1008 ** (0.0398) -0.1023 ** (.0396)
married (=1 if married) 0.1082 ** (0.0307) 0.1067 ** (0.0306) 0.1036 ** (.0304)
hh size (household size) 0.0660 ** (0.0093) 0.0660 ** (0.0093) 0.063 ** (.0092)
inclow (=1 if income<$60,000) -0.1436 ** (0.0305) -0.1438 ** (0.0303) -0.1586 ** (.0301)
inchigh (=1 if income>$100,000) 0.1067 ** (0.0406) 0.1093 ** (0.0405) 0.1042 ** (.0403)
malewh (=1 if male and white) 0.0834 ** (0.0283) 0.0828 ** (0.0283) 0.0927 ** (.0282)
mag 1 (=1 if magazine quintile=1) -0.0383 (0.0325) -0.0338 (0.0321)
mag 2 (=1 if magazine quintile=2) 0.0482 (0.0306) 0.0497 * (0.0304)
np 1 (=1 if newspaper quintile=1) 0.0176 (0.0308)
np 2 (=1 if newspaper quintile=2) -0.0059 (0.0334)
tv 1 (=1 if television quintile=1) -0.1264 ** (0.0627) -0.1240 ** (0.0626)
tv 2 (=1 if television quintile=2) -0.0664 ** (0.0314) -0.0657 ** (0.0314)
radio 1 (=1 if radio quintile=1) 0.0856 (0.0549)
radio 2 (=1 if radio quintile=2) 0.0116 (0.0264)
Log Likelihood -6479 -6481 -6536
Likelihood Ratio Test Statistic -4.7 -114.6
Prob>Test Statistic 0.4538 0.0000
Note: These results use the complete Simmons data set; sample size 20,100.  The first specification is the unrestricted model to which I compare the  
other specifications.  ** indicates significant at the 5% level; * significant at the 10% level. 

Table 5: Probit Estimates of Purchase Probabilities



Choice Variable Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error
Apple price 0.0005 ** (0.0000) 0.0003 ** (0.0000) 0.0005 ** (0.0000)

total advertising 0.0135 ** (0.0002)
newspaper advertising 0.0951 ** (0.0026)
magazine advertising 0.0148 ** (0.0018)
television advertising -0.0001 (0.0004)

Compaq price 0.0006 ** (0.0000) 0.0004 ** (0.0000) 0.0007 ** (0.0000)
total advertising 0.0134 ** (0.0002)
newspaper advertising 0.0969 ** (0.0026)
magazine advertising 0.0139 ** (0.0018)
television advertising -0.0159 ** (0.0005)

Dell price 0.0007 ** (0.0000) 0.0006 ** (0.0000) 0.0009 ** (0.0000)
total advertising 0.0133 ** (0.0002)
newspaper advertising 0.0963 ** (0.0026)
magazine advertising 0.0141 ** (0.0018)
television advertising -0.0122 ** (0.0007)

Gateway price 0.0009 ** (0.0000) 0.0009 ** (0.0000) 0.0009 ** (0.0000)
total advertising -0.0074 ** (0.0007)
newspaper advertising 0.0564 ** (0.0049)
magazine advertising -0.0153 (0.0183)
television advertising -0.0088 ** (0.0008)

HP price 0.0005 ** (0.0000) 0.0002 ** (0.0000) 0.0005 ** (0.0000)
total advertising 0.0128 ** (0.0002)
newspaper advertising 0.0961 ** (0.0026)
magazine advertising 0.0116 ** (0.0018)
television advertising -0.0029 ** (0.0004)

IBM price 0.0003 ** (0.0000) 0.0000 * (0.0000) 0.0003 ** (0.0000)
total advertising 0.0135 ** (0.0002)
newspaper advertising 0.0963 ** (0.0026)
magazine advertising 0.0146 ** (0.0018)
television advertising 0.0012 ** (0.0004)

Log Likelihood -79,052 -57,408 -54,343
Notes:  ** indicates significant at the 5% level; *significant at the 10% level.  The base group is Texas Instruments and estimation is for all
15 included firms.

Table 6: Preliminary Estimates of Manufacturer Choice



Variable Means Standard Coefficient estimates for interactions
Deviation

utility coefficients
interactions with demographic variables

household size income > $100,000 30<age<50 white male
cpu speed (MHz) 9.9490 ** 0.1390 ** 3.9209 ** -- -- --

(1.1262) (0.0283) (0.8774)
pentium 0.2499 0.2978 -- 0.0744 -- --

(5.8061) (0.7234) (3.3086)
laptop 3.7080 ** 1.0712 -- -- 1.3537 4.4313

(1.6484) (0.8553) (5.4335) (3.0218)
constant -12.2812 **

(4.5332)
ln(income-price) 1.2260 **

(0.1026)
acer 3.5451

(25.4209)
apple 3.1367 **

(1.2641)
compaq 3.8394

(4.8206)
dell 2.4035 **

(0.1744)
gateway 4.0235

(8.2857)
hewlett packard 0.5294

(3.3285)
ibm 2.2635 **

(1.0363)
micron 1.7562

(4.5577)
packard bell 4.0766 **

(1.6603)
advertising coefficients

group advertising 0.8706 **
(0.2265)

(group advertising)2 0.0918 **
(0.0007)

information technology coefficients
interactions with total advertising See table 9 for the 

constant -1.5700 ** acer 0.5824 coefficients on interactions
(0.0872) (118.4350) between advertising and

high school graduate 0.5504 ** apple 0.3644 * demographic variables
(0.0187) (0.2066)

income < $60,000 0.4818 ** compaq 0.6244 **
(0.1048) (0.1607)

income > $100,000 0.4512 dell 0.5827 *
(0.3926) (0.3533)

gateway 0.9046 **
np and mag advertising 1.0317 (0.1385)

(2.1168) hp 0.8049
tv advertising 1.0626 ** (23.7230)

(0.1418) ibm 0.6215 **
(0.1383)

(np and mag advertising)2 -0.0212 * micron 0.7384
(0.0110) (3.7633)

(tv advertising)2 -0.0346 ** packard bell 0.6550 **
(0.0169) (0.0861)

Notes: ** indicates significant at the 5% level; * significant at the 10% level. Standard errors are given in parentheses.

Table 7: Structural Estimates (for Home Sector)
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Apple Apple Compaq Compaq Dell HP HP IBM IBM
Power Mac PowerBook* Presario* Presario Dimension Pavilion Omnibook* Aptiva Thinkpad*

Power Mac -11.2544 0.0749 0.0151 0.0178 0.0180 0.0182 0.0206 0.0146 0.0234
PowerBook* 0.0987 -12.7893 0.0122 0.0144 0.0162 0.0147 0.0173 0.0117 0.0188
Presario* 0.0136 0.0168 -6.0864 0.0315 0.0266 0.0318 0.0369 0.0255 0.0409
Presario 0.0251 0.0301 0.0495 -7.1969 0.0347 0.0298 0.0346 0.0239 0.0334
Dimension 0.0135 0.0169 0.0268 0.0319 -8.0341 0.0322 0.0280 0.0259 0.0311
Pavilion 0.0268 0.0330 0.0261 0.0311 0.0349 -5.5801 0.0361 0.0252 0.0241
Omnibook* 0.0166 0.0203 0.0328 0.0194 0.0219 0.0197 -5.6129 0.0158 0.0505
Aptiva 0.0239 0.0296 0.0307 0.0367 0.0309 0.0278 0.0323 -5.8874 0.0359
Thinkpad* 0.0098 0.0122 0.0198 0.0231 0.0257 0.0239 0.0338 0.0187 -9.0513
Notes: Cell entries i,j where i ,indexes row and j  column, give the percentage change in market share of brand I,  with a one percentage change in the
price of j. Each entry represents the average of the elasticities from 1998. A * indicates a laptop.

Table 8: A Sample from 1998 of Estimated Price Elasticities

Media
Magazine Newspaper Television Radio

Variable Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error Coefficient Std. Error
constant -1.1543 ** (0.0385) -1.0420 ** (0.0378) -0.8799 ** (0.0392) -1.7820 ** (0.0412)
midage -0.0425 * (0.0234) 0.1988 ** (0.0242) 0.0173 (0.0236) -0.0301 (0.0241)
mature (age>50) 0.0033 (0.0239) 0.5284 ** (0.0243) 0.1894 ** (0.0238) -0.2484 ** (0.0242)
married -0.0239 (0.0182) 0.1869 ** (0.0184) 0.0729 ** (0.0182) -0.0107 (0.0187)
hh size 0.0391 ** (0.0057) -0.0348 ** (0.0060) 0.0173 ** (0.0058) 0.0119 * (0.0061)
inclow -0.1958 ** (0.0195) -0.2520 ** (0.0197) 0.1118 ** (0.0201) -0.1197 ** (0.0205)
inchigh 0.1565 ** (0.0294) 0.1355 ** (0.0283) -0.0196 (0.0305) 0.0736 ** (0.0304)
malewh -0.0791 ** (0.0170) 0.0066 (0.0171) -0.0193 (0.0169) 0.0072 (0.0173)
eduhs -0.1219 ** (0.0254) -0.3354 ** (0.0251) 0.2682 ** (0.0256) 0.0839 ** (0.0260)
eduad 0.0185 (0.0265) -0.1538 ** (0.0261) 0.2541 ** (0.0269) 0.1313 ** (0.0273)
edubs -0.0276 (0.0260) -0.0504 ** (0.0253) 0.1317 ** (0.0265) 0.1020 ** (0.0269)
edusp -0.0302 ** (0.0034) -0.0660 ** (0.0035) 0.0315 ** (0.0033) -0.0134 ** (0.0034)
Log Likelihood -31983 -31087 -31052 -28597
Notes: Estimates include time dummies.   ** indicates significant at the 5% level; * significant at the 10% level.

 

Table 9: Likelihood Estimates of Media Exposure



Apple Apple Compaq Compaq Dell Dell HP IBM
Macintosh PowerBook* Presario* Presario Dimension Latitude* Omnibook* Thinkpad*

Macintosh 0.0212 -0.0102 -0.0216 -0.0202 -0.0206 -0.0262 -0.0206 -0.0141
PowerBook* -0.0097 0.0076 -0.0092 -0.0093 -0.0098 -0.0098 -0.0094 -0.0069
Presario* -0.1011 -0.0867 0.0935 -0.0944 -0.0925 -0.0938 -0.0954 -0.0571
Presario -0.1050 -0.1002 -0.0130 0.1025 -0.1006 -0.1028 -0.1028 -0.0790
Dimension -0.0297 -0.0368 -0.0382 -0.0334 0.0330 -0.0304 -0.0338 -0.0214
Latitude* -0.0081 -0.0096 -0.0093 -0.0106 -0.0094 0.0095 -0.0091 -0.0074
OmniBook* -0.0046 -0.0037 -0.0045 -0.0043 -0.0049 -0.0041 0.0047 -0.0038
Thinkpad* -0.0157 -0.0153 -0.0129 -0.0183 -0.0151 -0.0153 -0.0083 0.0108
Notes: Cell entries i,j where i ,indexes row and j  column, give the percentage change in market share of i .
with a $1000 increase in the advertising of j.  * indicates the PC is a laptop.

Table 10: A Sample from 1997 of Estimated Advertising Semi-Elasticities

Variable Coefficient Standard
Error

ln marginal cost of production
constant 10.0230 ** (0.1784)
ln(cpu speed) 0.4932 ** (0.0062)
pentium dummy -0.3978 ** (0.0926)
laptop dummy 1.3054 ** (0.2691)
quarterly trend -0.1320 ** (0.0214)

ln marginal cost of advertising
constant 7.0356 ** (1.9230)
ln(price of advertising) 1.0004 ** (0.0002)

non-home sector marginal revenue
constant 2.4053 * (1.2869)
non-home sector price 1.0350 ** (0.0749)
cpu speed 0.0198 ** (0.0028)
non-pc sales 5.2707 * (2.8202)

Notes: ** indicates significant at the 5% level; * significant at the 10% level.

Table 11: Structural Cost and Non-Home Sector Estimates



Median Percentage Markup
Median Price Ad to Sales Ratio over Marginal Costs including ad costs

Total Industry $2,239 3.34% 19% 10%

Top 6 firm $2,172 8.66% 22% 12%

Apple $1,859 4.90% 19% 10%
Compaq $2,070 2.56% 24% 16%
Gateway $2,767 5.99% 12% 9%
Hewlett Packard $2,203 10.28% 17% 11%
IBM $2,565 19.55% 17% 10%
Packard Bell $2,075 19.55% 18% 12%
Note: Ad to sales ratios are from LNA and include ad and sales across all sectors.  Percentage markups are the median
(price-marginal costs)/price across all products. The last column is percentage total markups per unit after including 
advertising.  These are determined from estimated markups and estimated effective product advertising in the home sector.

Table 12: Summary Statistics for Prices, Advertising, and Markups



Median Percentage Markup
Under Partial Under Full Change
Information Information in Markups

Total industry 19% 5% -73%

Apple 2.5% -86%
iMac 22.2% 3.1%
Power Mac 13.7% 2.0%
PowerBook Duo* 15.9% 2.0%

Compaq 7.0% -70%
Armada* 42.3% 3.5%
Presario 18.1% 2.6%
Presario* 15.3% 2.0%
ProLinea 23.4% 7.0%

Gateway 1.7% -85%
Gateway Desk Series 12.9% 1.9%
Gateway Portable Series 8.1% 1.5%

HP 4.5% -73%
OmniBook* 15.7% 8.4%
Pavilion 21.8% 3.1%
Vectra 15.3% 6.8%

IBM 2.0% -88%
Aptiva 16.0% 2.3%
Thinkpad* 11.9% 2.0%
IBM PC 23.2% 2.3%

Packard Bell 3.0% -83%
NEC Versa* 11.1% 1.6%
NEC Desk Series 17.7% 2.5%

Notes: Percentage markups are defined as (price-marginal cost)/price.  Full information is the traditional model in which
consumers know all products; under partial information the choice set is estimated. * indicates that computers are laptops.

Table 13: Estimated Percentage Markups
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Apple Compaq Gateway HP IBM Packard Bell

under partial information
Apple -10.1720 0.0576 0.0199 0.0249 0.0178 0.0241
Compaq 0.0404 -6.6810 0.0416 0.0516 0.0370 0.0499
Gateway 0.0396 0.1184 -10.1177 0.0511 0.0366 0.0494
Hewlett-Packard 0.0434 0.1288 0.0447 -6.2509 0.0399 0.0538
IBM 0.0296 0.0870 0.0304 0.0377 -7.5830 0.0364
Packard Bell 0.0312 0.2808 0.0543 0.0676 0.0484 -7.4831

under full information (blp benchmark)
Apple -29.2337 0.1901 0.0448 0.1036 0.0726 0.0735
Compaq 0.0188 -34.1364 0.0237 0.0548 0.0384 0.0389
Gateway 0.0378 0.2024 -34.6917 0.1103 0.0773 0.0782
Hewlett-Packard 0.0032 0.0171 0.0040 -37.9312 0.0066 0.0067
IBM 0.1014 0.5431 0.1277 0.2963 -32.5824 0.2102
Packard Bell 0.0707 0.3793 0.0895 0.2066 0.1446 -35.8697
Notes: Cell entries i,j where i ,indexes row and j  column, give the percentage change in market share of brand I,  with a one percentage change
in the price of j.  Each entry represents median elasticities over all products for 1998.

Table 14: Estimated Firm Price Elasticities (1998)
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Prediction for different models of advertising
Response Variable Observed Informative Uninformative No role

average annual percent market shares 
Apple 6.45% 8.68% 8.96% 5.15%
Compaq 16.17% 17.48% * 17.98% 19.74%
Gateway 10.76% 11.32% ** 10.99% ** 13.07%
HP 6.53% 6.31% ** 5.99% * 1.98%
IBM 7.60% 8.40% * 8.59% 9.38%
Packard Bell 22.61% 20.60% * 24.34% * 27.41%

group and product-specific advertising 
Predicted threshold value (in millions) 1.41 1.66 not applicable

percent group expenditures below predicted threshold value
All products 4.2% 8.2%

Apple 6.9% 8.2%
Compaq 4.4% 4.4%
Gateway 1.3% 2.6%
HP 0.0% 0.0%
IBM 1.3% 3.8%
Packard Bell 0.0% 0.0%

Newspaper 0.2% 0.8%
Magazine 0.2% 0.9%
Television 3.8% 5.5%
Radio 0.9% 0.9%

percent product-specific expenditures above predicted threshold value
All products 0.8% 0.8%

Apple 0.9% 0.9%
Compaq 0.9% 0.9%
Gateway 0.0% 0.0%
HP 0.0% 0.0%
IBM 0.0% 0.0%
Packard Bell 0.0% 0.0%

Newspaper 0.0% 0.0%
Magazine 0.8% 0.8%
Television 0.1% 0.1%
Radio 0.8% 0.8%

Notes: Predicted market shares are evaluated at parameter estimates with unobserved product attributes restricted to zero.
** indicates that predicted values within 5% of the observed value * within 10% of the true value
level. Predicted group advertising expenditures threshold value is in millions.  Advertising expenditures are computed using equation (1)
evalulated at the optimal parameter values.   Firm percentages are calculated as percent of product/medium advertising by that firm.

Table 15: Goodness of Fit Comparisons
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Appendices

A Restricting Nonlinear Parameter Search
The non-linear search over the parameters {θ, β, η, ηAD} for the objective function given by

Λ0ZA−1Z 0Λ

can be restricted to a search over the parameters Ω = {θ, ηAD} because β, η are uniquely
determined by the choice of θ. This can be seen by rewriting the first-order conditions that
are functions of β, and η as follows δ(θ)− x0β

ln(p−∆(δ, θ)−1s)− w0η

 =

 δ(θ)

ln(p−∆(δ, θ)−1s)

−
 x 0

0 w


 β

η

 ≡ Y −Q

 β

η


The values of β and η that minimize the objective function are

[ β η ]
0
= [Q0Z∗A∗−1Z∗0Q]−1Q0Z∗A∗−1Z∗0Y (θ)

which are determined by the choice of θ, where Z∗A∗−1Z∗0 are the portions of the instrument
and weighting matrices corresponding to the moments arising from the demand and pricing
first-order conditions.

B Simulation Details
A general outline for simulation follows, I omit the time subscript for clarity. First prepare
random draws, which, once drawn, do not change throughout estimation.

1. In the case of the macro moments,

(a) Draw i = 1, . . . , ns consumers from the joint distribution of characteristics and
income given by the CPS, F (D, y), and corresponding draws from multivariate
normal distribution of unobservable consumer characteristics, F (ν), one for each
product characteristic, call these νik (where I drew a sample of 3000 for each year,
ns = 9000)

(b) Draw log normal variables one for each medium combination, call these κim.(where
m = 4)



(c) Draw uniform random variables one for each product-individual pair, call these
uij.

2. For the micro moments

(a) For each Simmons consumer i = 1, . . . , ncons draw R times from multivariate
normal distribution of unobservable consumer characteristics, F (ν), one for each
product characteristic, call these νikr. (where ncons = 13400)

(b) Draw R uniform random variables for each product-individual combination, call
these uijr.

(c) Draw R log normal variables one for each medium-individual combination, call
these κimr.

3. Choose an initial value of the parameters θ0

4. For the macro-moments, do for i = 1, . . . , ns

(a) Calculate φij(θ) for each product j = 1, ..., J for each period

φij(θ) =
exp (τ ij)

1 + exp (τ ij)

τ ij =
P
d

gDid0λd +P
m

ϕmajm +
P
m

ρma
2
jm ++Ψf

P
m

ajm +
P
m

P
d

ΥmdD
s
idajm +

P
m

ajmκim

(b) Given φij(θ) and uij construct a J dimensional Bernoulli vector, bi(θ). This defines
the choice set S 0, where the jth element is determined according to

bij =


1 if φij(θ) > uij

0 if φij (θ) ≤ uij

Define b0i to be the Bernoulli vector generated from the initial choice of parameters,
θ0.

(c) Calculate

Pij(θ) =
exp{δj + µij}

yiα + Σk:b0i,k=1 exp{δk + µik}

where µij is value of α ln(yi−pj)+
P

k xjk(σkνik+
P

dΠkdDid) given the ith draw
and θ.





(d) Calculate

sijr(θ) = Πl∈SrφilΠk/∈Sr (1− φik)
Pijr(θ)

φ0ir (θ0)

where φ0ir(θ0) is the value of Πl∈SrφilΠk/∈Sr (1− φik) using the initial choice set
evaluated at the initial value of the parameters, b0ir.

7. Calculate the simulator for the choice probability

csij = 1

R

X
r

sijr

The firm choice probability (used in the micro moments) is

bBif = X
j∈Jf

csij
C Full Information Parameter Estimates

Interactions with demographic variables

Variable Standard household income >  30<age<50 white

Deviation size $100,000 male
ln(income-price) 1.1980 **

(0.5130)
constant -32.4815 **

(13.5997)
cpu speed (MHz) 12.1745 ** 0.2878 ** 0.6967 ** -- -- --

(2.2525) (0.0566) (0.2925)
pentium 2.2631 0.7168 ** -- 0.7495 * -- --

(2.9031) (0.3617) (0.3893)
laptop 3.0241 * 0.3158 ** -- -- -0.2052 0.3913 *

(0.8242) (0.1425) (0.5434) (0.2015)
acer 2.2559

(12.7105)
apple 7.3454 **

(0.6321)
compaq 8.7814 **

(3.2137)
dell 1.2345

(0.6980)
gateway 9.9450 *

(5.1786)
hewlett packard 4.5117 *

(2.3775)
ibm 6.1112 **

(0.6909)
micron 1.1279

(2.2789)
packard bell 6.6300 *

(3.3207)
Notes: ** indicates significant at the 5% level; * significant at the 10% level. Standard errors are given in parentheses.

Appendix C Table 1: BLP Model Demand Estimates



Interactions with demographic variables
Variable Standard household income < income >  30<age<50 high school white

Deviation size $60,-000 $100,000 graduate male
ln(income-price) 1.3962 **

(0.6839)
constant -16.3836 **

(6.7999)
cpu speed (MHz) 18.5052 ** 0.5352 ** 0.9336 ** -- -- -- -- --

(4.5050) (0.2262) (0.4387)
pentium 4.3071 0.0649 ** -- -- -1.9431 -- -- --

(8.7092) (0.0289) (1.6543)
laptop -1.8485 * 0.1562 ** -- -- -- -2.8122 -- 1.5265

(0.9696) (0.0778) (2.7168) (1.5109)
magazine 7.5328 **

(3.1603)
newspaper -0.0726

(0.4387)
radio -5.3824

(2.8625)
television 2.6127 * 0.0880 0.0382 0.0152 ** 0.0021 -0.0177 * 0.0290 -0.0724

(1.5094) (0.0792) (0.1580) (0.0074) (0.0055) (0.0094) (0.1509) (0.0439)
magazine and newspaper 0.6122 * -0.6658 * -0.1630 ** -0.0248 0.7535 0.2328 -0.8555

(0.3167) (0.3187) (0.3178) (0.0125) (0.6232) (0.8034) (0.7299)
firm fixed effects

acer 2.6190
(12.7105)

apple 7.1964 **
(3.1603)

compaq 3.9684
(2.4103)

dell -3.5496
(2.6175)

gateway 4.0329
(4.1429)

hewlett packard -5.6777 *
(2.9198)

ibm 3.8068 **
(1.5545)

micron 6.1322
(5.4693)

packard bell -2.8169 *
(1.5094)

advertising coefficients
group advertising (0.9456) **

0.4530
(group advertising)2 (0.0328) **

0.0160
Notes: ** indicates significant at the 5% level; * significant at the 10% level. Standard errors are given in parentheses.

Appendix C Table 2: Uninformative Model Demand Estimates
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