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Do we have too many options to choose from?

It appears that consumers encounter important deliberation
costs.

2003 Medicare Part D prescription drug benefit plans.
Retirement plans.
Health care providers.
Loans and mortgages.
Home, car, and life insurance.

Tariff choices:

Cable/satellite.
Utilities.
Telecommunications.
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Motivating Questions

The existence of psychological costs may lead consumers to
make mistakes in their choices.

This opens business opportunities for firms who may wish to
take advantage of consumers’ deliberation costs by offering
ambiguous contracts.

Fogginess refers to this ambiguity of contracts.
I focus on foggy tactics surrounding nonlinear pricing in a
particular application where other issues, such as, hidden
clauses, “small fonts” and issues alike can be ruled out or
controlled for.
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Quote:

“Think about pricing. What has very telco in the world done in the
past? It has used confusion as its chief marketing tool. And that is
fine.” — Theresa Gatung, Former CEO of Telecom NZ.
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Motivating Questions

How can it be “fine”?

It is legal.

Consumers are aware of these tactics.

Competition erodes the ability to profit from these deceptive
strategies.

Eugenio J. Miravete Foggy Pricing



Introduction Theory Data Summary Motivation Goals Outline

Motivating Questions

This paper addresses the issue of tariff complexity and studies
whether the available evidence support one of the following
two broadly defined visions:

Consumers encounter problems choosing the least expensive
tariff options. Thus, firms will benefit by designing deceptive
tariffs. Competition will only exacerbate this effect.

Consumers end up learning what is best for them. Using
deceptive pricing will only backfire through a loss of
reputation. Competition will discipline firms’ pricing and tariffs
will become simpler.
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Free Choice vs. Supervising Government Control:

“If suddenly you can, as a 20-year old college student sign up for
five different credit cards, if you fid yourself able on a $30,000 a
year income to buy a $400,000 house with no money down, then
you are much more gullible to the inducements that are out there
than a generation ago. (...) [But] I think there would be a danger
in goin too far if, for example, we were restricting the ability of
consumers to borrow.” — President Obama in support of
Congress creating a new Consumer Financial Protection Agency.

Eugenio J. Miravete Foggy Pricing



Introduction Theory Data Summary Motivation Goals Outline

Goals

Suggest operational definitions of fogginess.

Measure whether a competitive environment favors the use of
foggy tactics more than a monopolistic market structure.

Argue in favor or against regulation on transparency of
contracts.

Evaluate whether predictions of existing models of nonlinear
pricing competition hold.
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Existing Evidence

Can Tariff fogginess survive in the long run?

It appears that consumers do not choose so poorly in the
end...

Miravete (2002).
Economides, Seim, and Viard (2005).
Ketcham, Lucarelli, Miravete, Roebuck (2011).

Competition increases the choices available to consumers.

Seim and Viard (2005).
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Outline

Theory review — Nonlinear pricing.

Suggested measures of tariff fogginess.

Data.

Empirical analysis — DID:

“Dynamic” treatments.
Usage uncertainty.
Usage heterogeneity.
Heterogeneity regarding usage uncertainty.
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Results

Competition does not foster the use of openly foggy tactics.

Entrants use foggy tactics less frequently than incumbents.

Incumbents do not increase the use of foggy tactics relative to
the monopoly phase of the market.

Most effects of competition are immediate.

The tariff offered by the incumbent becomes less powerful
about eighteen month after the entrance of the second carrier.

Results are robust to the existence of uncertainty regarding
future consumption and heterogeneity of usage patterns.
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Mechanism Design Literature:

The number of tariff plans is determined by the heterogeneity
of consumers and the commercialization costs associated to
offering an additional tariff option.

More tariff options are needed when high valuation customers
are more also more common.

The proportion of high to low valuation customers determines
how heterogeneous a customer base is.

Under competition, tariffs tend to simplify greatly as a larger
fraction of potential consumers participate in the market.
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Figure 2: Asymmetry of Information and Curvature of Nonlinear Tariffs
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consumer type in order to extract as much surplus as possible while avoiding arbitrage. The larger

the proportion of high valuation customers is, the higher are the markups that firms need to charge

for low usage customers in order for the tariff to qualify as an incentive compatible contract that

avoids high valuation customers mimicking the behavior of low valuation ones, i.e., tariffs need to

be more powerful. Thus, “Schedule B” is the optimal tariff when some high valuation consumers

are present and “Schedule C” is optimal when the population includes many more high than low

valuation customers.10

Figure 3 is a more accurate representation of the environment of the present application.

Firms do not offer fully nonlinear tariffs but rather a menu of few two-part tariffs. All options

represented in Figure 3 are non-dominated and define the lower envelope of the tariff offered by a

particular carrier. The fact that tariff option C is the least expensive option for a smaller range

of consumption than options A and B indicates that there is a sizeable mass of customers with

usage patterns around that particular level of consumption (“sweet spot”). Thus, a monopolist

could find profitable to offer a tariff option to these group of consumers without any intent of

10 This result is formally proven by Maskin and Riley (1984) and Wilson (1993), and is behind the empirical
strategy of Busse and Rysman (2005) to test the effect of competition on the shape of nonlinear pricing of advertising
in yellow pages. All tariff schedules in Figure 2 are tangent at the maximum consumption level where the marginal
tariff equals the marginal cost of production.
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Tariff Features

Today’s tariffs distinguish among:

Peak and off-peak.
Distance.
Identity of the called party or her network.
Interconnection fees.
Roaming
Rollover of unused minutes.

All these dimensions add to the ambiguity of the menu of
tariffs. Fortunately, the tariffs of the early U.S. cellular
telephone industry are much simpler.

Eugenio J. Miravete Foggy Pricing
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First measure, φ0

The fogginess of a menu of tariffs could be defined as the number
of newly dominated or foggy options.

The purpose of foggy options is not to address the
heterogeneity of consumers regarding usage.

More options may give the false impression that the
environment is competitive and consumers have more choices
(coopetition).

Choice fatigue may lead to consumer mistakes that are
profitable to firms.
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Figure 1: Fogginess: Dominated Tariff Option

X

T(X)

A

B

C

to maximize profits by means of price discrimination. Tariff C however, only attempts to profits

from consumers’ mistakes, and it is dominated no matter what distribution of usage prevails.

The available data do not contain just a representative average price of consumption for

every nonlinear tariff offered but rather the complete tariff information necessary to compute the

monthly bill for any profile of consumer usage. Contrary to this richness of information regarding

tariff offering, data do not contain any individual subscription or consumption information. Thus,

in order to determine whether an option is dominated or not, I evaluate the offered tariff plans

of each firm in each market and time period over all possible combinations of peak and off-peak

consumption adding up to a maximum of 1000 minutes of airtime usage.7 A particular option is

foggy if it is never the least expensive one for at least one of approximately 500,000 potential usage

patterns. Thus, a simple measure of fogginess is the total number of tariff options offered by each

firm:8

φ0 = Number of Newly Dominated Options . (1)

7 Usage patterns do not necessarily need to add up to 1000 minutes. I simply exclude the possibility that
the sum of peak and off-peak consumption exceeds 1000 minutes. Hausman (2002) reports that the average cellular
telephone airtime usage in the U.S. reached 160 minutes per month in 1994.

8 The qualification of “newly dominated” is discussed below.

– 6 –
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Foggy Options

How do we determine if a tariff plan is foggy?

φ0 = Number of Newly Dominated Options .

Evaluate all tariff options of a menu for any combination of
peak and off-peak usage minutes that may add up to a
maximum of 1,000 minutes.

If a particular tariff option is never the least expensive one for
any of these 501,501 usage patterns, then it is foggy in the
sense that it is dominated by other options.

Allowance is split proportionally to the peak and off-peak
usage of each usage profile.

Ignore options that become dominated only because of
phasing-out of old tariff plans.

Eugenio J. Miravete Foggy Pricing
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Second measure, φ1

The fogginess of a menu of non-dominated options could also be
defined as the ratio of newly dominated to non-dominated options.

φ1 = ln
(

Number of Newly Dominated Options
Number of Non−Dominated Options

+ 0.1
)

.

It is directly related to the probability of making a wrong
choice when the choice of tariff plan is completely random.

It takes care of phasing-out of old non-dominated options.

It measures the importance of deception as guiding the design
of the tariff menu.

Eugenio J. Miravete Foggy Pricing
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Complexity vs. Fogginess

Nonlinear pricing is a tool to extract consumer surplus while
inducing customers to self-select according to their preferences and
avoiding arbitrage.

Tariffs would be as complex as needed depending on how
heterogeneous consumers are.

The least expensive it is to implement tariffs the more options
will be offered.

A menu of non-foggy tariff options according to the previous
two measures may still generate additional revenues due to
consumers’ mistakes in the presence of uncertainty.

Eugenio J. Miravete Foggy Pricing
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Figure 3: Fogginess of Tariff Lower Envelope
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taking advantage of their uncertainty regarding future telephone usage. Furthermore, efficiency

also increases as heterogeneous consumers are offered pricing options tailored to their usage profile.

Under competition though, the existence of an outside option with higher value than simply not

participating reduces the ability of competing firms to extract as much consumer surplus from

each individual. Thus, incentive compatibility constraints need to be relaxed and in equilibrium,

possibly only one or at most two tariff options will survive, making the overall tariff lower envelope

much flatter. In the limit, competition will make optimal for firms to offer only a single two-part

tariff, e.g., Armstrong and Vickers (2001) and Rochet and Stole (2002).

Therefore, the index of complexity (or power index) of non-dominated options needs to

accommodate potential asymmetries regarding the share of usage patterns for which they are the

least expensive option. To capture the effect of asymmetric menus of tariffs, I define the complexity

index of a non-dominated set of tariff options as:

φ2 = ln [θ + 0.1] = ln [(n ·HHI − 1) + 0.1] . (3)

where n is the number of non-dominated tariff options offered and HHI is the Herfindahl-Hirschman

index of concentration defined over the share of usage patterns for which each plan is the least

expensive one. Considering only “balanced” tariff schedules in which each plan is the least expensive

– 9 –
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Measure of Complexity, φ2

Define the fogginess of a menu of non-dominated options as:

φ2 = ln [θ + 0.1] = ln [(n · HHI − 1) + 0.1] .

It characterizes the complexity rather than the fogginess of
the lower envelope of the tariff.

For balanced tariffs φ2 = 1 regardless of the number of tariff
options of the menu (if usage is uniformly distributed).

The index of fogginess φ2 is increasing with the asymmetry in
the distribution of usage patterns for which tariff options are
the least expensive ones.

Eugenio J. Miravete Foggy Pricing
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Qualifications, φ2

Other relevant issues related to the third measure of fogginess:

The existence of sweet spots invalidates any deceptive intent.

This is indeed a “fogginess-free” measure of tariff complexity.

More options may be completely non-foggy if consumers are
heterogeneous and firms are able to screen them at a profit
(once commercialization costs are taken into account).

Usage profiles are weighted according to a β(4κ/21, κ)
distribution for κ = {1, 2, 3, 4, 5} so that the average monthly
telephone usage is 160 minutes (while the variance always
decreases with κ).

Eugenio J. Miravete Foggy Pricing
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Early U.S. Cellular Industry

About 100 U.S. local cellular carriers (1984-1988 & 1992).

Temporary monopoly of the wireline (incumbent) carrier in
many markets.

Exogenous entry of the nonwireline (entrant) operator.

Largest SMSA markets.

Complete description of all tariff plans offered by the
incumbent and the entrant:

Allowance.
Fixed monthly fee.
Rate per minute during peak and off-peak time.

Individual consumption data is however not available.

Eugenio J. Miravete Foggy Pricing
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Figure 4: Transition to Competition
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The time variation of this transition is sufficiently spread and thus, this data set proves particularly

useful to analyzing the effect of competition on the use of foggy pricing.13

Tariffs in the early U.S. cellular industry were quite simple. A tariff option was normally a

three-part tariff consisting of an allowance of “free” minutes per month, a fixed monthly fee, and

a fixed rate per minute. Tariff options normally distinguish between peak (comprising on average

about 13 hours a day at that time) and off-peak marginal rates. Thus, the available combination of

monthly fee, marginal rates and usage allowance defines the tariff option completely and accurately.

Other value added services such as detailed billing, call waiting, no-answer transfer, call forwarding,

three way calling, busy transfer, call restriction, and voice mail were priced independently and rarely

bundled together with particular tariff options.14

The richness of the tariff information contained in the data allows me to evaluate whether a

particular tariff option is dominated by one or a combination of some other available tariff options.

Furthermore, it is possible to trace the history of every tariff option offered and determine whether

a currently dominated option is simply the result of phasing-out previously effective options, and

13 For an institutional and historical account of the poorly designed awarding process of licenses in the early
U.S. cellular telephone industry see Hausman (2002), Parker and Röller (1997), or Murray (2002).

14 Roaming did not even exist at the beginning of the 1984-88 period and it is not included in any of the tariff
options of the database. Roaming charges are carrier specific rather than tariff option specific and thus, they do not
influence whether a particular tariff option is more or less likely to be characterized as foggy.

– 11 –
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Table 1: Tariffs Offered in Cleveland in 1992

Incumbent: GTE Mobilnet

Plan Name Allowance Monthly Fee Peak Rate Off-Peak Rate Usage Share

Convenience 20 24.95 0.65 0.10 96.40
Business 20 24.95 0.48 0.48 0.00
Basic Value 75 49.95 0.39 0.20 0.88
Business Saver 220 99.95 0.36 0.20 2.73
Business Advantage 400 149.95 0.28 0.28 0.06

Entrant: Celluar One of Cleveland (McCaw)

Plan Name Allowance Monthly Fee Peak Rate Off-Peak Rate Usage Share

Advantage 20 24.95 0.60 0.20 57.72
Advantage Plus 20 29.95 0.60 0.20 0.00
Basic 0 34.95 0.35 0.20 21.00
Communication II 90 55.95 0.35 0.20 7.60
Communication III 180 84.95 0.34 0.19 13.77

The allowance is measured in minutes per month. All tariff related variables are measured in dollars.
The column “Usage Share” indicates the percentage of usage profiles for which each tariff plan is the
least expensive option. The allocation of GTE’s “Convenience” plan includes peak minutes only and its
“Business” plan does not include a $4.95 charge for phone rental.

in such case exclude them from the analysis. Table 1 describes the features of the tariff options

offered by the two competing firms in Cleveland in 1992. In addition to the features of the tariffs,

the column “Usage Share” indicates the percentage of usage profiles of peak plus off-peak minutes

adding up to a maximum of 1000 minutes for which each tariff is the least expensive one. The values

of this last column are the basis of the empirical analysis of the rest of the paper. Those tariff

plans with a zero share are foggy options according to the first definition. As Table 1 shows, both

carriers offer five tariff options but while the incumbent only offers one foggy plan (“Business”),

the entrant offers two foggy plans out of five options (“Advantage Plus” and “Communication II”).

Since individual tariff choice and usage data are not available, these shares are computed

assuming that usage is distributed according to the beta distribution β(4/21, 1) with mean monthly

usage of 160 minutes and assuming that consumers are not uncertain about their future usage

at the time of choosing tariffs. In Section 5 I repeat the analysis for different distributions of

usage and degrees of uncertainty regarding future consumption. Furthermore, the time band of the

allowance was unspecified most of the time. Thus, I split it between peak and off-peak consumption

proportionally to each simulated usage profile.

Table 1 illustrates the idea of fogginess and phasing-out of old tariff plans that I exploit

in the empirical analysis. If consumers of Cellular One were certain about their future usage, the

“Advantage” plan completely dominates the “Advantage Plus” plan for any usage pattern as the

– 12 –
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Table 2: Frequency Distributions of the Number of Tariff Options (1984-1988)

Monopoly Duopoly
Incumbent Incumbent Entrant

Total Opt. Frequency Rel.Freq. Frequency Rel.Freq. Frequency Rel.Freq.

1 134 0.3252 14 0.0269 48 0.0949
2 87 0.2112 71 0.1363 75 0.1482
3 73 0.1772 198 0.3800 118 0.2332
4 76 0.1845 128 0.2457 157 0.3103
5 28 0.0680 63 0.1209 54 0.1067
6 14 0.0340 47 0.0902 54 0.1067

Mean/(Var.) 2.5607 (2.0863) 3.5681 (1.4651) 3.5059 (1.9732)

Foggy Opt. Frequency Rel.Freq. Frequency Rel.Freq. Frequency Rel.Freq.

0 195 0.4733 96 0.1843 127 0.2510
1 92 0.2233 151 0.2898 144 0.2846
2 83 0.2015 180 0.3455 136 0.2688
3 28 0.0680 75 0.1440 56 0.1107
4 14 0.0340 17 0.0326 36 0.0711
5 2 0.0038 7 0.0138

Mean/(Var.) 1.4879 (0.4986) 1.5624 (1.1466) 1.5079 (1.5692)

Absolute and relative frequency distribution of the number of actual and non-dominated tariff options
offered by each active firm in each market-quarter combination.

Plus” plan? One possibility is that this is an old tariff that is being phased out. If “Advantage

Plus” is an effective option offered by Cellular One in Cleveland for earlier periods I conclude that

this is the case and then such tariff option does not enter into the computation of the first measure

of fogginess (1). For the second measure (3), phasing-out is not relevant because as a dominated

option it does not define the tariff lower envelope. If “Advantage Plus” (and tariffs alike) are not

offered in the past, then they are used to compute the first measure of fogginess.

Data combine two separate databases. Tariff information from 1984 to 1988 was col-

lected by Economic and Management Consultants International, Inc, and includes periods with

both monopoly and duopoly market configurations. Each market is defined around a standard

metropolitan statistical area, SMSAs and only two cellular carriers are allowed to compete against

each other. Data include the largest one hundred metropolitan areas in the U.S. These markets

operated independently of each other and entry of the second carrier happens within six months

of separate and independent judicial decisions. The identity of the entrant and the timing of entry

of the second firm can thus be considered largely exogenous. This information is complemented

with data collected by Marciano (2000) for year 1992, when all markets had already been served by

– 11 –
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Table 3: Actual vs. Foggy Number of Tariff Options (1984-1988)

Monopoly 0 1 2 3 4 5

1 32.52
2 8.01 13.11
3 6.31 4.85 6.55
4 0.49 4.37 7.77 5.83
5 0.00 0.00 5.83 0.97
6 0.00 0.00 0.00 0.00 3.40 0.00

Duopoly — Incumbent 0 1 2 3 4 5

1 2.69
2 9.79 3.84
3 5.76 20.35 11.90
4 0.00 4.80 16.89 2.88
5 0.19 0.00 3.84 8.06 0.00
6 0.00 0.00 1.92 3.45 3.26 0.38

Duopoly — Entrant 0 1 2 3 4 5

1 9.49
2 8.70 6.13
3 3.75 7.91 11.66
4 1.19 13.04 10.47 6.32
5 1.98 1.38 4.55 2.77
6 0.00 0.00 0.20 1.98 7.11 1.38

Percentage of total cases for each tariff combination. Rows denote the number of total
options while columns are the number of non-dominated tariff options. Kendall’s τ measures
of the correlation among the count numbers of effective and foggy options offered by each
firm are: 0.7579 for the monopoly sample, 0.7467 for the incumbent in duopoly, and 0.6282
for the entrant in duopoly. The corresponding t-statistics are (22.98), (25.48), and (21.13),
respectively.

opposite direction, and thus the effect of competition on the fogginess of tariffs offered is ambiguous.

To evaluate the effect of entry on foggy pricing, I conduct a DID econometric analysis in which

I control for market and time plus firms fixed effects.11 In addition, I also control whether a firm

acts as the incumbent in a particular market (wireline) or if a particular observation belongs to

the mature stage of a market (year92). The goal of this DID analysis is to evaluate the impact

that the transition from monopoly to duopoly has on the deceptive nature of pricing, i.e., the effect

of duopoly.12

11 I include firm dummies to identify the largest shareholder of each cellular carrier, an information that is
available from the FCC. Dummies are included only for those carriers with at least 4% of licenses in this sample.
They are: Ameritech Mobile (ameritech), Bell Atlantic Mobile (bellatl), Bell South Mobile (bellsth), Century
Cellular (centel), Contel Cellular (contel), GTE Mobilnet (gte), McCaw Communications (mccaw), Nynex
Mobile (nynex), PacTel Mobile Access (pactel), SouthWest Bell (swbell), and US West Cellular (uswest).

12 All other firm and market demographics available are time invariant and thus they are not identified in a
DID framework.

– 13 –
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Table 4: Descriptive Statistics (1984-1988)

Monopoly Duopoly

Incumbent Incumbent Entrant

Variables Mean Std.Dev. Mean Std.Dev. Mean Std.Dev.

plans 2.5607 1.4444 3.5681 1.2104 3.5059 1.4047
effplans 1.5850 0.7642 1.9789 0.7082 2.0099 0.9408
foggy (φ0) 0.9757 1.1159 1.5893 1.0526 1.4960 1.2336
share-foggy (φ1) 0.2739 0.2768 0.4078 0.2219 0.3722 0.2633
complexity (φ2) 0.3680 0.5451 0.6886 0.5704 0.5894 0.5968
wireline 1.0000 0.0000 1.0000 0.0000 0.0000 0.0000
duopoly 0.0000 0.0000 1.0000 0.0000 1.0000 0.0000
appeak 0.0911 0.5363 0.2603 0.3132 0.0919 1.9176
apoff−peak 0.5845 3.2887 -11.2009 99.4176 1.0395 45.7270
avgjleadj 0.0000 0.0000 2.3455 2.2544 2.3702 2.2583
avgjshfj 0.0000 0.0000 0.2595 0.2134 0.2622 0.2135
avgjhhfj 0.0000 0.0000 0.4204 0.3658 0.4215 0.3628

Observations 412 521 506

All variables are defined in the text.

of the Arrow-Pratt measure of risk aversion averaged over the 0-1000 minute interval of airtime

usage of the quadratic polynomial that fits the lower envelope of the peak component of the tariff.

Variable apoff−peak is defined similarly but using the off-peak component of the tariff only.17 Lastly,

avgjleadj, avgjshfj, and avgjhhfj are used as instruments for appeak and apoff−peak. They refer

to the average lead and measure of fogginess and tariff complexity of competitors during previous

periods in other markets where the competing firm operates.

Table 5 evaluates the average treatment effect of duopoly, i.e., the effect that the transition

from monopoly to duopoly has on the deceptive nature of pricing strategies employed by early

cellular carriers. The top of the table refers to the incumbent and the bottom to the entrant.

In the first case the data comprises pricing behavior of the incumbent only over the monopoly

and duopoly phases of the market. In the second, the monopoly phase includes the pricing of the

incumbent and the duopoly phase only the pricing behavior of the entrant. I proceed in this way,

not pooling the pricing behavior of the incumbent and the entrant during the duopoly phase, to

avoid potential strategic effects. This would be the case if deception or complexity become strategic

decision variables of these firms, which will turn the task of identifying the effect of competiton on

pricing practices into a much more involved task.

17 This approach is equivalent to the discrete Arrow-Pratt measure employed by Marciano (2000, §4.2) to
account for the curvature of the tariff. Busse and Rysman (2005) used a Cobb-Douglas approximation to the lower
envelope of the tariff to account for the extent of asymmetry of information.

– 16 –
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Estimation

Simple Econometrics:

OLS and PMLE.

DID approach.

Time and market fixed effects.

Separate analysis for incumbent and entrant to isolate
strategic pricing issues.

Average and “dynamic” treatments to evaluate the effect of
competition.

Curvature of tariffs (potentially endogenous), which is related
to the heterogeneity of potential customers.

Eugenio J. Miravete Foggy Pricing
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Table 5: Fogginess – Average Treatment Effects

INCUMBENT φ0 (PMLE) φ1 (OLS ) φ2 (OLS )

year92 0.0183 (1.84) 0.0304 (0.76) 0.0634 (0.74)
duopoly 0.0069 (1.42) 0.0437 (2.25) 0.1159 (3.42)
appeak 0.0091 (1.86) 0.0080 (0.20) 0.0180 (0.31)
apoff−peak 0.0000 (1.04) 0.0000 (0.10) −0.0004 (3.44)

DPLRI/ Adj.R2 0.5964 0.6808 0.6806
LM(Joint Test) 2.9383 [0.2301] 0.2988 [0.5847] 0.0063 [0.9370]

ENTRANT φ0 (PMLE) φ1 (OLS ) φ2 (OLS )

year92 −0.0007 (0.17) −0.0095 (0.28) 0.4117 (4.76)
duopoly −0.0006 (0.27) −0.0440 (2.12) 0.0261 (0.72)
appeak −0.0016 (3.51) −0.0144 (2.56) 0.0126 (2.00)
apoff−peak −0.0000 (0.96) −0.0001 (0.03) 0.0003 (0.03)

DPLRI/ Adj.R2 0.6401 0.6958 0.6576
LM(Joint Test) 3.8424 [0.1464] 1.4979 [0.2210] 4.5913 [0.0321]

Marginal effects evaluated at the sample mean of regressors and absolute, heteroskedastic-consistent
t-statistics are reported between parentheses. DPLRI is the Poisson-deviance pseudo-R2 of Cameron
and Windmeijer (1996). LM is the regression-based, heteroskedastic-robust, Lagrange multiplier test
of endogeneity of Wooldridge (1997) for the case of the Poisson PMLE and the regression-based,
heteroskedastic-robust, Lagrange multiplier test of endogeneity of Wooldridge (1995) for linear regressions.
LM is asymptotically distributed as a χ2 with 2 degrees of freedom under the null hypothesis of joint
exogeneity. The corresponding p-values are shown between brackets. Sample includes 1,004 observations
for the incumbent and 989 for the entrant.

All regressions include time (quarter) and market (city) fixed effects. In general, these

(non-reported) results are significant. Among the former I only report year92 to document pricing

differences once the market has settled. The first column reports the results of a pseudo-maximum

likelihood count data regression model to evaluate the change in the number of foggy options offered

during monopoly and competition. The other two columns report the estimates of ordinary least

square regressions to evaluate the impact of competition on deceptive pricing and tariff complexity,

respectively. In computing all fogginess measures, it is assumed that consumers are certain about

future telephone usage at the time of signing up for one optional tariff plan. I will address the role

of uncertainty regarding future individual telephone usage in Section 5.

Results indicate that the total number of foggy options offered by competing firms does not

differ significantly from the number of foggy option offered by the incumbent during the monopoly

phase. However, when considering any of the other two measures of pricing behavior, φ1 or φ2, it is

clear that incumbents and entrants follow well differentiated strategies. Regarding tariff fogginess,

incumbent firms increase the use of deceptive options in a competitive environment while entrants

reduce its use by an almost identical magnitude. Thus, it is the entrant who makes pricing less

foggy. Since firms follow opposite strategies, we cannot conclude that competition completely

solves the problem of deceptive tactics. However, deception does not appear to be the necessary
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Table 6: Fogginess – Dynamic Treatment Effects

INCUMBENT φ0 (PMLE) φ1 (OLS ) φ2 (OLS )

year92 0.0099 (0.82) −0.0042 (0.08) 0.1888 (2.13)
treat(0) 0.0052 (0.77) 0.0358 (1.38) 0.1425 (3.51)
treat(+1) 0.0096 (1.70) 0.0503 (1.77) 0.0955 (2.19)
treat(+2) 0.0099 (1.82) 0.0621 (2.25) 0.0733 (1.83)
treat(+3) 0.0099 (1.78) 0.0493 (1.97) 0.0817 (1.98)
treat(+4) 0.0050 (0.77) 0.0394 (1.29) 0.0761 (1.60)
treat(+5) 0.0142 (2.17) 0.0788 (2.48) 0.0385 (0.93)
treat(≥+6) 0.0125 (1.76) 0.0675 (2.15) 0.0289 (0.62)
appeak 0.0090 (1.84) 0.0077 (0.19) 0.0192 (0.34)
apoff−peak 0.0000 (1.05) 0.0000 (0.16) −0.0004 (3.29)

DPLRI/ Adj.R2 0.5974 0.6802 0.6833
LM(Joint Test) 3.6038 [0.1650] 0.4290 [0.5125] 0.0001 [0.9918]

ENTRANT φ0 (PMLE) φ1 (OLS ) φ2 (OLS )

year92 −0.0066 (1.27) −0.0534 (1.22) 0.4073 (4.12)
treat(0) 0.0005 (0.18) −0.0486 (1.88) 0.0469 (1.21)
treat(+1) −0.0001 (0.05) −0.0365 (1.17) −0.0030 (0.06)
treat(+2) 0.0006 (0.20) −0.0276 (0.97) −0.0026 (0.05)
treat(+3) 0.0004 (0.14) −0.0285 (1.01) 0.0110 (0.24)
treat(+4) −0.0012 (0.39) −0.0474 (1.64) 0.0625 (1.26)
treat(+5) 0.0018 (0.59) −0.0291 (1.13) 0.0657 (1.27)
treat(≥+6) 0.0044 (1.32) −0.0112 (0.38) 0.0359 (0.60)
appeak −0.0015 (3.35) −0.0141 (2.50) 0.0137 (2.10)
apoff−peak −0.0000 (0.89) −0.0001 (0.03) 0.0003 (0.03)

DPLRI/ Adj.R2 0.6419 0.6951 0.6575
LM(Joint Test) 2.0338 [0.3617] 2.0295 [0.1543] 1.5502 [0.2131]

Dynamic treatment effects estimator of Laporte and Windmeijer (2005). Marginal effects evaluated at
the sample mean of regressors and absolute, heteroskedastic-consistent t-statistics are reported between
parentheses. DPLRI is the Poisson-deviance pseudo-R2 of Cameron and Windmeijer (1996). LM is the
regression-based, heteroskedastic-robust, Lagrange multiplier test of endogeneity of Wooldridge (1997)
for the case of the Poisson PMLE and the regression-based, heteroskedastic-robust, Lagrange multiplier
test of endogeneity of Wooldridge (1995) for linear regressions. LM is asymptotically distributed as a χ2

with 2 degrees of freedom under the null hypothesis of joint exogeneity. The corresponding p-values are
shown between brackets. Sample includes 1,004 observations for the incumbent and 989 for the entrant.

when they enter. However, as time goes by, the fogginess of their tariffs becomes more similar to

that of incumbents during monopoly.

As for tariff complexity (φ2), entrants consistently offer tariffs that are similar to pricing of

incumbents during monopoly. The behavior of incumbents is however more interesting. Right after

entry, they increase the complexity of their tariffs. But as time goes by, that increase in complexity

stops being significant, perhaps indicating that they get adjusted to competition. Thus, tariffs

become simpler, i.e., the prediction of theoretical models of nonlinear pricing competition such as

Armstrong and Vickers (2001) or Rochet and Stole (2002). Nevertheless, this process takes a long

period to materialize and eighteen months after the entry of the second firm, there is no conclusive

evidence that tariffs become simpler across competitors.
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Figure 5: Dynamic Competition Effects on φ0
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Figure 6: Dynamic Competition Effects on φ1
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Figure 7: Dynamic Competition Effects on φ2
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Figure 5: Dynamic Competition Effects on φ0
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Figure 6: Dynamic Competition Effects on φ1
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Figure 7: Dynamic Competition Effects on φ2
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Figure 5: Dynamic Competition Effects on φ0
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Figure 6: Dynamic Competition Effects on φ1
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Table 7: Fogginess – Incumbent: Preemption

φ0 (PMLE) φ1 (OLS ) φ2 (OLS )

year92 0.0075 (0.49) −0.0218 (0.29) 0.1560 (1.32)
treat(–6) −0.0004 (0.07) 0.0179 (0.74) 0.0874 (1.97)
treat(–5) 0.0066 (1.01) 0.0314 (1.14) 0.0124 (0.31)
treat(–4) 0.0029 (0.44) 0.0255 (0.81) 0.0342 (0.85)
treat(–3) −0.0001 (0.01) 0.0062 (0.20) 0.0438 (0.95)
treat(–2) 0.0045 (0.60) 0.0216 (0.59) 0.0044 (0.09)
treat(–1) 0.0007 (0.10) 0.0063 (0.18) 0.0413 (0.79)
treat(0) 0.0075 (0.77) 0.0533 (1.26) 0.1796 (2.74)
treat(+1) 0.0125 (1.36) 0.0696 (1.47) 0.1306 (1.76)
treat(+2) 0.0126 (1.32) 0.0822 (1.66) 0.1097 (1.47)
treat(+3) 0.0124 (1.24) 0.0685 (1.40) 0.1247 (1.54)
treat(+4) 0.0081 (0.75) 0.0614 (1.10) 0.1184 (1.39)
treat(+5) 0.0172 (1.53) 0.1018 (1.73) 0.0852 (1.01)
treat(≥+6) 0.0159 (1.22) 0.0929 (1.38) 0.0795 (0.79)
appeak 0.0091 (1.87) 0.0084 (0.21) 0.0175 (0.32)
apoff−peak 0.0000 (1.04) 0.0000 (0.14) −0.0004 (3.28)

DPLRI/ Adj.R2 0.5977 0.6788 0.6830
LM(Joint Test) 1.6425 [0.4399] 1.0007 [0.3171] 0.0181 [0.8929]

Marginal effects evaluated at the sample mean of regressors and absolute, heteroskedastic-consistent
t-statistics are reported between parentheses. DPLRI is the Poisson-deviance pseudo-R2 of Cameron
and Windmeijer (1996). LM is the regression-based, heteroskedastic-robust, Lagrange multiplier test
of endogeneity of Wooldridge (1997) for the case of the Poisson PMLE and the regression-based,
heteroskedastic-robust, Lagrange multiplier test of endogeneity of Wooldridge (1995) for linear regressions.
LM is asymptotically distributed as a χ2 with 2 degrees of freedom under the null hypothesis of exogeneity.
The corresponding p-values are shown between brackets. Sample includes 1004 observations.

One possibility that might question the validity of most results reported so far is that

the incumbent preempts the entry of the second carrier by adjusting its pricing strategy prior

to the entry in order to sign up as many consumers as possible before the second firm actually

enters. Focusing on the incumbent behavior, Table 7 now includes thirteen dummies for thirteen

consecutive quarters, some of them before entry of the second firm actually happened. Figure 8

illustrates the argument.

Estimates show that incumbent firms do not vary their pricing tactics in any way, whether

regarding the number of foggy options, the fogginess of the menu of options offered, or the

complexity of the tariff lower envelope relative to their pricing a year and a half before entry

of the second competitor. Indeed, as Figure 8 shows the only significant dynamic effect is a sudden

increase in the complexity of the tariff lower envelope precisely at the time of entry of the second

carrier, not before. Thus, all previous results remain valid and document a differentiated behavior

of incumbent and entrant firms regarding tariff fogginess and complexity.
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Figure 8: Preemptive Effects on φ2
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4.2 Instrumental Regressions

The curvature of tariffs, as measured by appeak and apoff−peak, are simultaneously chosen with

the menu of tariffs offered to consumers and thus, it is questionable whether the options offered

responded to an optimizing behavior of firms that take the distribution of their customers’ telephone

usage as given (exogenous), or whether our measure of concavity is just the result of the pricing

decisions of firms and independently of the distribution of consumer tastes (endogenous). In all but

one case, the LM test of endogeneity fails to reject the null hypothesis of exogeneity of appeak and

apoff−peak in Tables 5 and 6. Given these results I did not report the estimates after instrumenting

for appeak and apoff−peak as they are virtually identical to those of Tables 5 and 6. I will however

discuss briefly the strategy followed to select instruments among the available information. Table 8

reports the results of the corresponding intrumental regressions.

There are almost no time varying regressors left once we include time and market specific

dummies in the estimated DID model. I thus exploit the panel data structure of the data to obtain

additional instruments as suggested by Hausman, Leonard, and Zona (1994) and Hausman (1996).

Let consider the incumbent carrier in a particular market. I use as instruments the features of

the tariffs offered in the past by the entrant in other markets. These features are orthogonal to

the fogginess of the incumbent’s tariff in the market under consideration as long as the reasons to

engage in foggy pricing are market specific rather than nationally driven. Pricing features of the

entrant in other previous markets are however informative of her pricing tactics in the market under
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Robustness 1

Numerical methods replace the lack of information regarding
individual usage:

Heterogeneous usage: The analysis is repeated for different
distributions of usage with mean monthly usage at 160
minutes but decreasing variance with κ s.t. usage is
distributed as a β(4κ/21, κ) with κ = {1, 2, 3, 4, 5}.

See Table 9: Incumbent and entrant follow opposite strategies
with regard to fogginess and complexity of the tariff with the
incumbent offering more foggy options and complex schedules
upon the entry of the second carrier.
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Robustness 2

Numerical methods replace the lack of information regarding
individuals’ uncertainty with respect to future usage at the time of
choosing tariff options:

Heterogeneous uncertainty regarding future usage: Fogginess is now
defined on expected usage rather than on usage known with certainty.
Consumption of each individual is distributed according to a bivariate
normal with means (µi, µj) s.t. µi + µj ≤ 1000 and variances equal to
σi = λµi and σj = λµj , respectively. Fifty random draws for each of the
501,501 usage profiles are used to compute this expectation.

Heterogeneity regarding uncertainty: I also consider the possibility that
individuals are randomized from distributions with different dispersion.

See Table 10: Incumbents still increase the fogginess of their tariffs upon
entry of the second carrier but results become slightly less significant the
more uncertain customers are regarding future consumption. Entrants
still offer less foggy tariffs but results become less significant with
individual uncertainty.
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Summary

Main results:

Competition does not make matters worse.
It takes a substantial amount of time for tariffs to become
more transparent under competition.
Entrants adopt far less foggy tactics than incumbents.
Results are robust heterogeneity regarding usage and usage
uncertainty.

Caveat: Consumer choice data will allow to evaluate how
effective foggy pricing really is.
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