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Intelligence. Since I live in Toronto, where the workshop will take place, I'm NOT applying for funding
for my travelling and accommodation.

My interest in AI began with my concerns about the welfare implications of privacy regulations in
recent years. Firms collect consumer data via their browsing, searching and even chatting history
online to infer consumers' preference for products. The advancement of algorithm has allowed firms to
send relevant product information precisely to their target consumers, and charge discriminating
prices accordingly. At the same time, concerns for the abuse of private data have pushed many
governments to implement privacy regulations. The most notable one is EU's “General Data Protection
Regulation" that became in effect in 2018. However, such regulatory attempts to protect the privacy
of consumers’ data might backfire. One possible impact is that it may result in firms manipulating the
quality of products they provide, including also ads and spams, so as to encourage more consumers to
share their data with firms, if that’s to the firms’ interest. A more obvious impact is that such
regulation would impede the improvement of algorithms that aims at providing consumers with better
customized user experience. Impacts as what are in the examples above make it ambiguous whether
these privacy regulations would actually enhance the social welfare.

Inspired by this concern, I wrote a research proposal regarding this issue as a course project, which
I'd like to discuss with other participants of this workshop using this great opportunity. This proposal is
attached following my resume.

I am also very interested in understanding the impact of the automation that replaces routine labour
and in the future may replace even creative labour with the advancement of Al

As such, I'd appreciate it a lot you could consider my application for participating in this workshop
favourably.
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1 Introduction

It is widely acknowledged that firms now collect consumer data via their browsing, search-
ing and even chatting history online to infer consumers’ preference for products. This
enables firms to send relevant product information precisely to their target consumers,
and charge discriminating prices accordingly. However, this triggers concerns for privacy
disclosure. People intrinsically value privacy. Also, some might worry about being price
discriminated against. From a regulatory point of view, the impact of this data collection
and utilization can have two effects. Firstly, it improves efficiency in the sense that for a
given space of information slot, it can be targeted toward those who value it the most.
On the other hand, everyone suffers a loss from having their privacy disclosed, especially
for those that do not enjoy much from the efficiency gain.

In recent years, concerns for the abuse of private data have pushed many governments
to implement privacy regulations. The most notable one is EU’s “General Data Protection
Regulation” that became in effect in 2018. This law aims at giving control to individuals
over their personal data.

The goal of this study is to model how regulatory attempts to protect the privacy of
consumersa data affect firms’ incentive to provide clear information in their advertisement
and the welfare implication of this impact. In particular, it attempts to show how it is
possible that privacy regulation that aims at promoting social welfare could in effect hurt
consumers under some conditions, even when consumers optimally choose to share or not
to share their personal information with firms.

The modelling part of this proposal is very parsimonious and ad-hoc. It only aims at
delivering the rough idea that it is possible that privacy regulation could trigger backlash
in welfare loss. It considers a special case in which firms can utilize the clarity level of
their recommendation to manipulate consumers’ incentive to share their information. In
particular, firms optimally manipulate product recommendations to persuade consumers
whose personal information is of high value to them to share their data with them. It
characterizes some aspects of the equilibrium and involves some discussion of the intuition



of the equilibrium but does not involve rigorous proofs. More rigorous and generalizable
modelling is left for the future.

2 Literature Review

This study is related to several strands of literature.

In terms of a focus on privacy and efficiency, the literature dates back to Spence (1978)
and Posner (1981). Posner (1981) argues that allowing individuals to conceal their per-
sonal information is detrimental to efficiency because it leads to inefficient decisions made
by the uninformed agents. Spence (1978) studies a model where agents can signal their
types. It shows that there are situations where cost from allowing signalling outweigh
benefit. In this proposed work, consumers choice to share or not share their personal in-
formation can be viewed as a signalling activity to some degree. It delivers payoff-relevant
information about individuals and firms’ choices of price and product recommendation
are affected by this signalling activity. More recently, Calzolari and Pavan (2006) studies
the share of customer information between companies. It shows that in some cases this
share of information enhances social welfare. Campbell et al. (2015) studies the impact of
privacy regulation on market structure. It shows that when the opt-in consent as required
by the regulation is costly for consumers, regulation will result in a more concentrated
market because consumers prefer to opt-in to firms with a large scope of services.

This study allows firms to price discriminate using personal information they collect
from consumers and consumers may strategically choose to disclose their information or
not. This scenario is shared by many recent studies. Taylor (2004) studies the welfare
comparison under the two settings, in one of them personal information is confidential
and in another it is disclosed and firms can sell their information to other firms for price
discrimination. It shows that the welfare comparison depends critically on consumers’
level of sophistication. Naive consumers who are not aware of data tracking and price
discrimination lose their surplus to firms under the disclosure regime, while sophisticated
consumers would adjust their behaviors accordingly to avoid such surplus extraction. For
this reason, firms would voluntarily protect consumers’ privacy and thus regulation is
redundant. Villas-Boas (2004) shows that the ability to implement dynamic targeted
pricing can actually lead to lower profit to a monopolist when consumers are strategic
inter-temporarily. ? studies a two-period model where merchants have tracking tech-
nology and consumers can anonymize themselves. They find that the merchant would
find it profitable to track consumers only when tracking can also enhance personalized
services. Ichihashi (2019) studies the case where consumers trade-off between a more
accurate product recommendation from a multi-product seller and price discrimination.
It demonstrates that the seller prefers to commit to not use information for pricing to
encourage information disclosure, but this commitment hurts consumers.

This study differs from the literature in that firms not only decide on what prices to
set and and what products to recommend, but also on the clarity level of their recom-
mendation. Less clarity can lead to consumers’ misunderstanding of the match between



them and the product, such that sometimes consumers can end up buying products that
are of no value to them. In particular, in this study, lower clarity level is used by sellers
to discourage consumers from opt-out from disclosing their personal information.

3 Model

3.1 Market for Products

Consider an online market with a monopoly and a continuum of consumers with unit
demand. The assumption of monopoly is a simplification for highlighting the main points.
It can be think of as an integrated entity composed of numerous sellers and a platform,
whose joint goal is to maximize the total profit they receive from selling products to
the consumers and then the sellers and the platform will share the maximized profit
ex-post according to some rule they agree to ex-ante. Each product 7 has a horizontal
characteristics. Consumers are heterogeneous along two dimensions: the match between
their taste and the product’s horizontal characteristics: m;;, and their valuation for the
match between their taste and the products’ horizontal characteristics: ;. The monopoly
has a sufficiently large variety of products that it can provide to each consumer ¢ products
of any m;; € (0,m]. 0; isii.din [0, 1] according to cdf F'(¢). Besides choosing m;;, the firm
can also choose an information clarity level a;; € [0, 1] when it recommends a product to
consumers. For product with type (a;j, m;;), it means that product j is of match value m;;
to the consumer ¢ with probability a and of match value 0 with probability 1 — a.Product
cost is normalized to 0.

3.2 Privacy

6; is ONLY known to consumer i. If a consumer’s private information is disclosed, m;;
is known by the monopoly. This scenario corresponds to the case where the platform
can formulate consumers’ favorite product according consumers’ browsing and searching
history but is not able to know precisely a consumer’s willingness to pay for a product.
If a consumer’s private information is not disclosed, m,; is not known by the monopoly.
Consumers suffer from a privacy disclosure loss of s.

There is a regulator that governs the market. If the regulator imposes privacy regulation,
the monopoly is required to give consumers the option to opt-out from disclosing their
information. Otherwise, all consumers’ information is disclosed by default.

3.3 Timing

1. Regulator decides to impose privacy regulation or not.

2. If regulator decides to regulate, consumers decide whether or not to opt-out.

3. Monopoly chooses price, information clarity level and horizontal characteristics for
each consumer.

4. Consumers observe price, information clarity level and horizontal characteristics and
make purchase decisions.



3.4 Demand

Each consumer is only aware of the product that the monopoly recommends/shows to
them. When product of type (a;, m;;) is recommended to consumer i and price is p;;, the

consumer buys the product iff 0;c0;;;m;; > pi; == 0; > % = §. Consumer 4’s utility is
(—s, if information is disclosed and not buy,
0;m;; — p;; — s, if information is disclosed, buy & match value is m;;,
U, — —Pij — S, if information is disclosed, buy & match value is 0, (1)
0, if information is not disclosed and not buy,
0imi; — pij, if information is not disclosed, buy &match value is m;;,
 —Dijs if information is not disclosed, buy & match value is 0,

3.5 Supply Without Privacy Regulation
max py(1 - F(0)) 2)

Trivially, m;; = m and a;; = 1 and pj; is characterized by

p;'kj p;'kj p;'kj

F(E)+Z2f(Z) =1 3

COORRLHIE ®)
Note that in this case, every consumer consumes the product with their favorite horizontal
characteristics and there is full clarity in the product recommendation. In addition, they

are all charged the same price pj; = p* that is characterized by equation (3).

3.6 Total Welfare Without Privacy Regulation

WhNE = j(@m)dF(@) —s
/ " (4)

* *

—mE0)0 > L)1 - F(X)) —s

m
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3.7 Demand With Privacy Regulation

Now, consumers are given the option to opt out from sharing their information. For con-
sumers that opt-out, the monopoly cannot customize their product. Therefore they ran-
domly choose horizontal characteristics to provide to each consumer and thus monopoly
(consumer) expects to provide(receive) a match value of E(f). Since the profit maxi-
mization is the same for all consumers that opt out, they will all be charged with the
same price p° and provided with the same level of clarity a®“ in the recommendation.
Similarly, all consumers that choose to share their information with the monopoly will
be charged with the same price p'*, provided with the same level of clarity o and same
match level m™. The consumer type 0 that is indifferent between opt-in and opt-out is

out



determined by:

O m™ — p" — 5 = max{0, éa”"tE(m) — p®}
pin + s pzn o pout +s } (5)
ainmin’ atmmin — aoutE(m)

= # = max{

Opt-in Decision: Opt-in iff 6; > 6.
Purchase decision:

n

Conditional on opt-in, consumers with 6; > # = §" will buy. Conditional on opt-out,
consumers with 6; > aoﬂo—;m) = §°u* will buy.

Note that 8 > 6", which means that every consumer that opt-in will buy. Because
consumers that opt-in can rationally anticipate to receive o™ and m™ that are chosen by
the monopoly in equilibrium and there is privacy disclosure loss when opt-in, consumers
would only opt-in when they expect to buy.

4 Supply With Privacy Regulation

Monopoly’s maximization problem:

 max  p"Pr(0 > 0) 4+ p*tPr( > 6°10 < ) Pr( < 0) (6)
pin pout gin qout min
Again, it is easy to see that m™ = m and o™ = 1. Suppose not, increasing m and o
a little and increasing a®“ a little correspondingly, keeping every else constant, could keep
0 unchanged. And since m™, o™ and a®“ increases, demand increases for both opt-in
and opt-out groups. Therefore profit will increase. Hence it has to be that m™ = m and
a™ =1,

Moreover, p™* > p*. This is because those who opt in is a selective group of all
consumers in the sense that they have a higher 6 than those who opt-out, thus a lower
price elasticity. An immediate result from p™* > p*is that 6 > 0. What’s more, even if
p™ = p*, those who obtain an expected payoff from buying the product less than s would
opt-out in the regulated case. Therefore 6 > 6. In another word, fewer consumers are
enjoying customized horizontal characteristics in the regulated environment than in the
non-regulated case.

Notably, o € (0, 1).

a®®" > ( because in equilibrium, consumers with low 6 will opt-out. Suppose a®“*" = 0,
it is always profitable to increase a®“ a little and charge a price low enough that some of
these consumers will buy but consumers that opt-in wouldn’t want to deviate.

" < 1 for similar reason as the ”distortion at the bottom” result of the classic menu-
pricing. Consumers with a very large # wouldn’t want to opt-out as long as p™ is not
too big. Consumers with a very low 6 wouldn’t opt-in as long as p°“* is not extremely
low. It is those consumers that have an intermediate level of # that the monopoly want
to convince them to opt-in and extract a higher rent from them through customization.

However they need to compensate for their privacy loss and higher price. Consider a



marginal consumer. The monopoly could either lower p™ or increase p°“ or lower a°“

to achieve the goal. They wouldn’t want to lower p because all the price charged to
those opt-in would be lower for this marginal consumer. The monopoly would also prefer
decreasing « to increasing p°“ because this way it loses fewer consumers with low 0.

5 Welfare Analysis

The comparison between the welfare under regulation and non-regulation requires a com-
parison between the efficiency loss and privacy protection gain.

The efficiency loss are two-folds. Firstly, fewer consumers are enjoying customized prod-
uct. Second, The monopoly optimally choose a clarity level lower than 1 for consumer that
opt-out to induce consumers with a relatively higher valuation for match to opt-in. This
lower clarity level leads to efficiency loss because some consumers end up being matched
with goods that give them a value of 0.

Those who opt-out now enjoy a privacy protection. Total privacy protection gain is fs.
A precise welfare analysis require solving the equilibrium full and perhaps a specification
of distributions. But intuitively, while privacy protection gain is linear in 0 , efficiency
loss is not due to the none linear relationship between 6 and « as shown in equation
(5). Therefore, it is possible that under some conditions, the welfare loss under privacy
regulation can exceed the gain from privacy protection.
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