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Context 
§ “Big data” 

o  ‘Datafication’ of the world 
§  Everything we do is increasingly leaving a digital trace. 
§  Data from activities, conversations, photos, videos, likes, sensors, 

connected objects, … 
o  Increased ability to harness and analyse large/complex datasets 

§  Via cloud computing, distributed systems, new analysis approaches 

§  Allows firms to know their consumers better 
o  Targeted advertising 
o  Product customization 
o  Price discrimination (or Differential pricing) → our focus  

§  Personalized pricing (1st degree price discrimination) is no longer a 
textbook fantasy! 
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Research question 

§ How does firms’ ability to profile consumers affect price 
competition? 
o  Hard to know a priori because of 2 conflicting forces 

§  Surplus extraction → higher prices 
§  ‘Personalization’ of competition → lower prices 

o  Received wisdom 
§  Second effect is often more powerful 
§ → Consumers (as a whole) may benefit from widespread use of 

personalized prices (made possible by big data) 
o  We show that this is generally not true. 

§  Consumers suffer when firms have asymmetric abilities to 
profile them. 
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Setting 

§ Extension of the Bertrand model 
o  2 producers of a homogenous product 
o  Imperfect profiling of consumers 

§  Positive probability that any particular consumer remains anonymous 
o  Firms charge 

§  Uniform price to anonymous consumers 
§  Personalized price to ‘recognized’ (‘profiled’) consumers 

o  Firms have correlated (and potentially different) abilities to profile 
consumers  
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Results 

§ Partial irrelevance result 
o  Having the ability to profile consumers does not automatically 

translate into market power. 
§  It only does so when both firms have the ability to profile consumers 

but one firm is better at it than the other.  

§ Coexistence of price discrimination and dispersion 
o  3 simultaneous explanations as to why 2 consumers of the same 

good end up paying different prices → firms may charge them… 
1.  Different personalized prizes (price discrimination), 
2.  Randomized uniform prices (price dispersion) 
3.  Randomized personalized prices (price discrimination and dispersion) 
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Results (2) 

§ Intuition 
o  Uncertainty about the competitor’s pricing strategy 

§  “Has my rival also recognized the consumer that I recognized?”  

§ Consequences 
o  Market for big data 

§  Upstream data owners/brokers have incentives to provide both firms 
with data as long as the quality of the data is different. 

o  Demand for privacy 
§  Improved profiling has ambiguous impacts on consumers. 
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In a nutshell 
§ We contribute to 3 strands 

o  Economics of privacy 
§  Current literature opposes perfect discrimination to no discrimination 
§  With imperfect profiling, we cover the whole spectrum. 

o  Market for big data 
§  Existing papers: data broker sells exclusive data to a single firm 
§  We show that data broker may find it profitable to sell different data sets 

to competing firms. 
o  Oligopoly theory 

§  New way out of Bertrand paradox under certain conditions 
§  New rationale for price dispersion 
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Consumers 

§ Unit mass 
§ Valuation for a homogenous product 

o  Consumer x has valuation r(x) 
o  Drawn from distribution F(.) with support          and associated 

continuously differentiable density function f(.)   

§ Unit demand 
§ Aggregate expected demand at price p: S(p) = 1 – F(p) 
§ Assumption: demand is log-concave 

o   S’(p)/S(p) = -h(p) is non increasing in p 

 12  

[0, r̄]



Price Discrimination and Dispersion under Asymmetric Profiling of Consumers!

Firms 

§ Produce the homogenous product at zero marginal cost. 
§ Have access to a ‘profiling technology’ that allows them to 

identify the valuation of a consumer probabilistically. 
o  With probability λA = λ for firm A 
o  With probability λB = αλ for firm B, with 0 ≤ λ, α ≤ 1	

o → Correlated technologies 
§  When firm B can profile a consumer, so can firm A (reverse not true) 
§  1-α → advantage of better-informed firm (A) over less-informed firm (B) 

§ Justifications 
o  Imperfection: available data not sufficiently precise, or consumers 

acting to protect their privacy. 
o  Correlation: data obtained from same data broker or one firm selling 

its data set to the other 
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Timing 

0.   Firms acquire technologies (λA, λB)	
1.  Firms set their uniform price pi 

o  For the consumers that they are not able to profile. 

2.  Firms set their personalized price pi(x) 
o  For the consumers that they are able to profile 

3.  Consumers decide whether or not to buy and from 
which firm to buy 

o  Assumption: Consumers receive only one price offer from each 
firm, either a uniform or a personalized price. 

o  Tie-breaking rules 
§  A consumer can identify a personalized price when she receives one. 
§  If consumer is offered pi = pj(x), she chooses firm j. 
§  If consumer is offered pi = pj or pi(x) = pj(x), she flips a coin. 
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Market segmentation 
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A 

B 
αλ	

λ	

‘Transparent segment’ (size: αλ) 

‘Translucent segment’ (size: (1-α)λ) 

‘Opaque segment’ (size: 1-λ) 

Valuation r̄0 

Firm A can’t distinguish the transparent 
from the translucent segment! 
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Partial irrelevance result 

 17  

§ Profiling by only 1 firm (α=0) § Symmetric profiling (α=1) 

λ	

Opaque segment 

Translucent segment 

Proposition 1. If firms are equally able to profile consumers 
or if only one firm is able to profile consumers, then 
profiling does not allow firms to escape from the Bertrand 
paradox and make positive profits.  

λ	

Opaque segment 

Transparent segment 
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Partial irrelevance result: intuition 

§ For firms to make positive profits, both the transparent and 
the translucent segments must exist. 
o  No translucent segment → firm A has no profit base. 
o  No transparent segment → firm B wants to compete for customers 

on the translucent and opaque segments by lowering pB in period 1 
o  In both cases, profits go to zero. 
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Asymmetric profiling (0 < α < 1) 
§ Main result: firms get out of the Bertrand paradox 

o  Prices above marginal cost become sustainable. 
§  Even prices above the ‘monopoly’ price are observed with positive 

probability in equilibrium.  
o  Price discrimination and price dispersion coexist at equilibrium. 

§ Main reason: uncertainty about competitor’s pricing 
o  When it recognizes a consumer, the better-informed firm (A) doesn’t 

know whether the less-informed firm (B) did so as well… 
§  With probability (1-α), B did not → translucent segment → A can win the 

consumer with a personalized price below pB 
§  With probability α, B did → transparent segment → ‘personalized 

competition’ for this consumer 
o → Firms randomize personalized prices 

§  Prices are above MC; their distribution depends on pB 
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Stage 2. Equilibrium personalized prices 

§ What is at stake here? 
o  Uniform prices (pA, pB) are given. 
o  Firms choose their personalized prices (pA(x), pB(x)) 

§  For consumers identified by firm A and, possibly (with prob. α) by firm B 
o → Competition on 2 segments 

§  Transparent: mass αλ 
§  Translucent: mass (1-α)λ	

 20  



Price Discrimination and Dispersion under Asymmetric Profiling of Consumers!

Stage 2. Equilibrium personalized prices (2) 

§ Lemma 1. If pB > 0, then no pure strategy equilibrium 
(pA(x), pB(x)) exists. 
o  A can always guarantee itself                  where  
o  Any price below this threshold cannot be a best response for A. 
o  In a pure-strategy equilibrium, A would thus chose a personalized 

price above this threshold, which B could undercut if it recognized the 
consumer → no best response, a contradiction 

§ Lemma 2. If pB = 0, then (pA(x), pB(x)) = (0,0) is the unique 
pure strategy equilibrium. 
o  Clearly an equilibrium. 
o  No other equilibrium in pure strategies, nor in mixed strategies 
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Stage 2. Equilibrium personalized prices (3) 

§ Important insight 
o  Marginal cost pricing can still be a Nash Equilibrium of the two 

stage pricing game (Lemma 2) 
o  BUT, it can never be a subgame-perfect equilibrium (Lemma 1) 

§  Given stage 2 competition, firm B has an incentive to set pB > 0 
-  Firm A has a profit base in the translucent segment, which reduces its 

willingness to compete on the transparent segment (which it can’t 
distinguish from the translucent segment) 
-  So, firm B can earn positive profits on the transparent segment. 

§  More, firm B can increase its stage 2 equilibrium profit by raising pB 
(coming next) 
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Stage 2. Equilibrium personalized prices (4) 

§ Proposition 2. If pB > 0, the mixed-strategy equilibrium is such that 
o  Firm B draws pB(x) from the distribution Gx(p) 
o  Firm A does so as well with probability α, and sets  

with probability 1-α	
o  Gx(p) is defined as 

o  For each consumer x on the transparent segment, both firms obtain 
expected profits equal to 
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Stage 2. Equilibrium personalized prices (5) 

§ Sketch of the proof 
o  A won’t set prices pA(x) below                  (Lemma 1) nor 

above                                    → defines range for price distribution 
o  If B draws its price from Gx(p) on this interval, then A achieves a profit 

of                               when setting its price at the two bounds. 
o  A must also make this profit at any price within the interval: 

§  Can be solved for Gx(p)  
o  A will also draw its price from Gx(p) if B profiles consumer x, or 

will set        if B doesn’t. 

 24  

p

x

B

⌘ min {p
B

, r (x)}
(1� ↵)px

B

⇡̃x = (1� ↵) px
B

(1� ↵) px
B

= (1� ↵) p+ ↵(1�Gx

B

(p))p

Profit when B doesn’t 
profile consumer x 

Profit when B profiles 
consumer x and sets a 

price larger than p 

px
B



Price Discrimination and Dispersion under Asymmetric Profiling of Consumers!

Stage 1. Equilibrium uniform prices 

§ What we learned so far 
o  Less-informed firm (B) would obtain zero profits if it were setting its 

uniform price at marginal cost (Lemma 2). 
o  B can secure positive profits by setting its uniform price above 

marginal cost (Proposition 2). 
o  The better-informed firm (A) cannot directly influence profits 

obtained from profiling consumers (translucent & transparent 
segments) through its uniform price pA. 
§  These profits only depend on B’s uniform price. 

o  However, it can do so indirectly, as firm B will set pB so as to 
best-reply to pA. 
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Stage 1. Equilibrium uniform prices (2) 

§ Firm B’s tradeoff when setting higher pB 
o  Higher expected profits on transparent segment 
o  Lower expected profits on opaque segment 

§ Option 1. B focuses on transparent segment → pB > pA 
o  Expected profit: 

§  Recalling that B obtains for each consumer x on the transparent 
segment expected profits of 
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Stage 1. Equilibrium uniform prices (3) 

§ Option 1. Focus on transparent segment (cont’d) 
o  Expected profit increases with pB → set 
o  So, B can guarantee an expected profit of 

o  If B chooses this option, A’s best response is to set the monopoly 
price, pm, which solves maxp pS(p). 
§  A is the only active firm on the opaque and translucent segments. 
§  Its uniform price bears no impact on competition in stage 2. 

o  B has no incentive to undercut pm iff 
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Stage 1. Equilibrium uniform prices (4) 

§ Lemma 3. In stage 1, the pair                               is an 
equilibrium in pure strategies if and only if Ⓑ is satisfied. 
o  A is a monopolist in the opaque and translucent segments. 
o  B sets a uniform price that maximizes its expected profits in the 

transparent segment. 

§ Option 2. B competes on the opaque market as well 
o  Preferred conduct when condition Ⓑ is not met. 
o  Then A has no reason to set the monopoly price. 
o → Both firms must randomize prices: only way to… 

§  Make positive profits 
§  Be indifferent with Option 1  
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Stage 1. Equilibrium uniform prices (5) 

§ Proposition 3. At the SPNE of the game, the firms choose 
their uniform price as follows: 
o  Firm A 

§ With probability ΔA, draws pA from HA(p) 
§ With probability 1-ΔA, sets pA = pm 

o  Firm B 
§ With probability ΔB, draws pB from HB(p) 
§ With probability 1-ΔB, sets pB = r 

o  HA(p) and HB(p) are defined on 
o  When Ⓑ is met, ΔA = ΔB = 0  
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To sum up 

§ Main intuition 
o  The less-informed firm (B) implicitly tells the better-informed firm 

(firm A): “I’ll give you a positive profit by raising my uniform price but 
I keep the right to eat a share of this profit as you don’t know 
exactly where I can compete with you.”	
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Improved profiling 

§ What if λ increases? 
o  Both firms have better profiling abilities. 
o  Corollary 1. λ ↑ ⇒ uniform and personalized prices ↑ 

§  Uniform prices increase (in the sense of first-order stochastic dominance) 
-  Lowest possible uniform price ↑ 
-  Probability that both firms charge their respective highest uniform price ↑ 
-  Firms tend to charge higher prices when they randomize. 

§  Distribution of personalized prices is left unchanged 
-  But interval shifts up 

o  Intuition 
§  Profiling more precise → more likely that firms compete in transparent 

segment → relaxes competition in opaque segment → uniform prices ↑  
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More symmetric profiling 

§ What if α increases? 
o  Firms become more similar in terms of profiling ability. 
o  Corollary 2. Uniform prices are at their highest level when α = 1/2 (in 

the sense of first-order stochastic dominance)  
o  Intuition 

§  Recall that Bertrand paradox holds for α = 0 and α = 1. 
§  More symmetry increases (decreases) uniform prices when firms’ 

profiling technologies are very (slightly) different. 
o  Corollary 3. α ↑ ⇒  Personalized prices decrease for given uniform 

prices (in the sense of first-order stochastic dominance). 
o  Intuition 

§  More intense competition in transparent segment. 
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Uniform distribution of valuations  
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Impacts for firms and consumers 
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Data: Happy to share but not equally 

§ Data sharing 
o  Corollary 2 → the better-informed firm has an incentive to share some 

of its data with the less-informed firm (so that α = 1/2)	

§ Data Brokerage 
o  Proposition 1 → A monopoly data broker would never provide the two 

firms with the exact same set of data (implying α = 1), nor would it give 
an exclusive access to data to one firm (implying α = 0). 

o  Corollary 2 → Best conduct is to sell datasets of unequal qualities (so 
that α = 1/2).	

o  Same outcome if two data brokers 
§  Vertical differentiation 
§  The data broker who sells the highest quality data will earn more profits.  
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Consumer surplus and demand for privacy 
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“The darker version of online marketing is that it can 
facilitate what economists call price discrimination, selling 
the same exact good at a variety of prices, often in ways 
unknown to the buyers. This is based on the reality that 

people have different maximum prices that they are willing 
to pay, a so-called “pain point” after which they won’t buy 

the product. The ideal for a seller would be to sell a product 
to each customer at their individual “pain point” price 

without them knowing that any other deal is available.” 
(Newman, 2014)  
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Consumer surplus and demand for privacy (2) 

§ Our contribution to this debate 
(Hard to perform a general analysis of the impacts of asymmetric profiling on 
consumer surplus; but some useful insights.) 
1.  Consumers are unequal in front of improved profiling. 
2.  Many consumers may lose (→ demand for privacy protection) 

§  λ ↑ ⇒ all prices ↑ 
§  Consumers whose status doesn’t change are worse off. 

3.  Some other consumers may win. 
§  Consumers who were anonymous and are now profiled 
§  If low valuations, they may start to buy and have positive surplus. 
§  If high valuation, personalized price may be below uniform price. 

4.  Winners may benefit sufficiently to compensate losers 
§  Consumers as a group would welcome improved profiling.  
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Consumer surplus and demand for privacy (3) 

§ What if uniform prices are made public? 
o  ‘List prices’: (uniform) prices that any consumer can observe and can 

thus claim to buy at. 
o → upper bound on personalized prices firms can charge 
o → a firm does not just compete against the prices of its competitor 

but also against its own uniform price. 
o  2 results 

§ Setting all prices equal to marginal cost is now a SPNE of the 
game. 

§  It can also be the unique SPNE.  
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In sum: Policy implications   
§ Making privacy rules less protective has ambiguous 

impacts on consumers. 
§ Consumers should be better off if firms had the 

obligation to make their uniform prices public.  
§ Exclusivity contracts offered by data brokers do not 

necessarily harm consumers. 
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Main takeaways 

§ Asymmetric and correlated abilities to profile consumers 
allow Bertrand duopolists to gain market power 
o  Source: Strategic effect of less-informed firm’s uniform price on 

both firms’ personalized prices. 
§  Positive probability that better-informed firm recognizes consumers 

that the less-informed firm does not. 
§ → Better-informed firm can guarantee positive profits as long as the 

uniform price of the less-informed firm is positive. 
§ → Less-informed firm has an incentive to set a uniform price above its 

cost to relax competitive pressure on ‘profiled’ consumers. 
§ → Price equilibrium displays market power. 
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Main takeaways (2) 

§ Coexistence of price discrimination and price dispersion 
at equilibrium 

 43  http://edition.cnn.com/2005/LAW/06/24/ramasastry.website.prices/  

Both Amazon and its customer 
may have been right… 
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Limitations/Extensions 

§ Correlated profiling technologies 
o  Implies that one firm is always better informed than the other. 
o  We speculate that results would hold under imperfect correlation. 
o  Analysis more complex if independent technologies. 

§  2 translucent segments instead of 1 
§  We can’t compute one firm’s guaranteed profit. 

o  Work in progress 
§  Derive conditions under which Bertrand paradox is not a SPNE of the 

game with independent technologies  
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Limitations/Extensions (2) 

§ Endogenous privacy choices by consumers 
o  We can show that high value consumers have an incentive to 

hide and become anonymous. 
o  Such hiding behavior would affect the firms’ pricing strategies. 
o  This, in turn, would affect hiding behavior. 
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Thank you 
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Economics of privacy 

§ New twists in the analysis of price discrimination 
o  Perfect discrimination becomes a real possibility 
o  From monopoly to oligopoly settings 

§  Surplus extraction + personalization of competition 
o  Privacy = absence (or limitation) of price discrimination 

§  ‘Exogenous’ privacy: should (perfect) price discrimination be banned? 
-  Taylor & Wagman (IJIO, 2014) → not all consumers prefer privacy 

§  ‘Endogenous’ privacy: consumers ‘hide’ 
-  Belleflamme & Vergote (EconLet, 2016) → ‘Hidden cost of hiding’ 
-  Valetti & Wu (mimeo, 2016) 

o  Imperfect profiling (↔ all or nothing, i.e., full or no discrimination) 
§  We consider the whole spectrum, in an duopoly setting 
§  So do Chen & Iyer (MktSci, 2002), but 
-  No interaction between personalized and uniform prices 
-  Symmetric firms (same and uncorrelated profiling technologies) 
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Market for big data 

§ Growing literature studying incentives of data brokers 
o  Clavora Braulin & Valletti (EconLet, 2016) 
o  Montes, Sand-Zantman & Valletti (mimeo, 2015) 
o → Data broker should sell exclusive data set to a single firm 

§ Our contribution 
o → Data broker may find it profitable to sell data sets of different 

qualities to the two firms 
o  What explains the different results? 
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Our setting Their setting 
Imperfect profiling Perfect profiling 
Asymmetric profiling abilities Symmetric profiling abilities 
Homogenous products Differentiated products 
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Oligopoly theory 

§ Bertrand paradox 
o  New, potential, escape route 

§  The ability to profile consumers may allow firms to obtain market power. 

§ Price dispersion 
o  Known explanations 

§  Differences in search costs on the buyer’s side (Varian, AER 1980) 
§  Differences in the cost structure on the seller’s side (Spulber, JIE 1995) 
§  Uncertainty about the number of active firms on the market (Janssen 

and Rasmusen, JIE 2002). 
o  Our explanation 

§  Uncertainty about the nature of price competition that may generate 
price dispersion of both uniform and personalized prices.  
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‘Profiling technologies’: example 
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Partial irrelevance result: sketch of proofs 

§ Symmetric profiling 
o  Firms obtain the exact same information about each consumer x. 
o  It is as if they compete on two fully separated segments 

§  Transparent segment: Bertrand competition for each consumer 
→ personalized prices = 0 → independent of uniform prices 

§  Opaque segment: Bertrand competition as well → uniform prices = 0 

§ Profiling by only one firm 
o  Opaque and translucent segments are not separated here. 

§  Translucent segment: for any pB > 0, A undercuts with personalized price 
§ → B can only compete in the opaque segment, where Bertrand 

competition ensues 
§  All prices are set equal to zero again.  
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