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Abstract
Firms are increasingly personalising their offers and services, leading to an ever finer-grained segmentation of consumers

online. Targeted online advertising and online price discrimination are salient examples of this development. While per-

sonalisation’s overall effects on consumer welfare are expectably ambiguous, it can lead to concentration in the distribu-

tion of advertising and commercial offers. Constellations are possible in which a market is generally open to competition,

but the targeted consumer is only made aware of one possible seller. For the consumer, such a market could effectively

resemble a monopoly. We call such extreme cases ‘targeting pockets’. Competition-law metrics such as the Herfindahl–
Hirschman Index and traditional means of public oversight of adverts would not detect this concentration. We, therefore,

suggest a novel metric, the Concentration-after-Personalisation Index (CAPI). The CAPI treats every consumer as a sep-

arate ‘market’, computes a measure of concentration for personalised adverts and offers for each individual consumer

separately, and then averages the result to measure the exposure experienced by an average consumer. We demonstrate

how the CAPI can serve as a monitoring tool for regulators and auditors and thus help to enforce existing consumer law

as well as proposed new regulations such as the European Union’s Digital Services Act and its Artificial Intelligence Act.

We further show how adding noise via randomly distributed non-personalised adverts can dilute the potential harm of

overly concentrated personalisation. We demonstrate how the CAPI can identify the optimal degree of added noise, bal-

ancing the protection of consumer choice with the economic interests of advertisers.
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Introduction
Today’s technology enables firms to personalise their inter-
action with consumers to an unprecedented degree.
Personalisation of online advertising, for example, promises
to improve consumer engagement with adverts by provid-
ing information predicted to be more relevant to the individ-
ual consumer (Aguirre et al., 2016). Through ‘behavioural
targeting’ advertisers can track a consumer’s online behav-
iour such as regularly visiting a website for runners and
liking social media posts by athletes (see further Laux
et al., 2021a; Wachter, 2021). Advertisers can then infer
that this consumer is a good target for adverts promoting
running shoes. Information collected online also allows

sellers to tailor prices according to the predicted price sen-
sitivity of a consumer. They can then differentiate the online
price for identical products or services, engaging in what is
called ‘price discrimination’ (Bar-Gill, 2019; Poort and
Zuiderveen Borgesius, 2021; Strahilevitz, 2013). They
may charge higher prices for returning customers to a
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given online store or to consumers without a physical shoe
store in their neighbourhood (Poort and Zuiderveen
Borgesius, 2021: 2).

Such personalisation of both advertising and pricing
affects – amongst other normative concerns (see further
Hacker, 2021: 1–2; Laux et al., 2021a: 726–29) – the
welfare of consumers and sellers, or ‘producers’ (Ezrachi
and Stucke, 2016a: 586). Whether or not the overall
welfare effect is positive or negative depends on the relative
strength of the effect for consumers and producers (Marotta
et al., 2021). Both can experience positive and negative
welfare effects from personalisation (Marotta et al., 2021;
Poort and Zuiderveen Borgesius, 2021). A key determinant
for the overall welfare effect is the granularity of personal-
isation: the smaller and more homogenous the segmentation
of consumers is, the more welfare is likely to be shifted
from consumers to producers (Poort and Zuiderveen
Borgesius, 2021: 5). However, from a normative perspec-
tive, adverts and offers which are distributed to
‘out-of-target’ audiences are not without value.

The economic incentive to increase personalisation raises
the question of howmuch segmented consumers are aware of
offers in the market beyond those which they are being tar-
geted with (see also Laux et al., 2021a). Constellations are
possible in which a market is generally open to competition,
but the targeted consumer is only made aware of one possible
seller. From the consumer’s perspective, such a market could
effectively resemble a monopoly. Likewise, a given seller
may target certain consumers exclusively with one variant
of its product or service. We do not expect such extreme ‘tar-
geting pockets’ to be the most common effect of personalisa-
tion. Even with targeted adverts, many consumers will
regularly be exposed to offers made by more than one
seller. Most consumers do not receive advertising exclu-
sively online and, at least in urban areas, there are usually
options to visit a physical shop. However, consumers’ inter-
action with the market proceeds to an unprecedented degree
online (Calo, 2014: 1003–1004). In this context, the use of
automated bandit-based bidding systems in targeted ads is
particularly concerning. Interactions between such algorith-
mic systems have been shown to result in collusion-like
behaviour and overpricing (Calvano et al., 2020: 3267;
Hansen et al., 2021: 2; for an empirical investigation, see
Assad et al., 2020: 5). Moreover, many products and services
are exclusively offered online – think of online gaming, for
example. The risk for consumers of being exposed to
offers by just one seller can thus neither be ruled out theoret-
ically nor are the potential negative economic consequences
for the consumer negligible. In situations where more than
one seller remains, a high degree of personalisation by one
seller could still extract more of the consumer surplus than
without such customisation and have negative welfare
effects (Acemoglu, 2021: 11–14).

Finding a measure to screen personalised adverts and
offers for heightened concentration could thus help to

reduce the potential for economic harm to consumers. It
would also allow to test whether (and if so, reveal where)
extreme cases of ‘targeting pockets’ occur. To date, we
are not aware of an existing measure that implements this
type of screening. We, therefore, suggest a novel metric,
the Concentration-after-Personalisation Index (CAPI). The
CAPI builds on a mathematical index used in competition
law, the Herfindahl–Hirschman Index (HHI). While the
HHI is a measure of concentration in the market, the
CAPI develops it further and treats every consumer as a
separate ‘market’. The formula presented in this paper com-
putes a measure analogous to the HHI for each consumer to
measure concentration in their exposure to personalised
offers and services.

Imagine that there are two neighbouring towns with one
shoe store in each, but no one travels between these towns.
Each town could then be seen as being effectively in a mon-
opoly even though the HHI computed for the two towns
together would not reveal a monopoly market. As regards
online advertising, although there may be more than one
seller of a given product or service, due to targeting, consu-
mers may not be served with advertising from more than
one seller or be served with adverts from significantly
fewer sellers than without targeting. The CAPI offers a
metric to measure such concentration at the level of the indi-
vidual consumer. As will be shown in the section ‘A novel
metric: the CAPI’, we generate the CAPI by computing the
HHI in terms of advert exposure for each individual separ-
ately and then average the individual HHI scores. This gives
a measure of the diversity of adverts experienced by an
average individual.

The CAPI is intended to function as a tool with which
regulators and auditors can screen personalisation measures
such as online adverts for low degrees of diversification
amongst sellers for a typical consumer. A high score on
the CAPI provides statistical evidence for a heightened
risk of consumer harm due to low diversification. It
cannot, however, replace the contextual judicial interpret-
ation as to whether a low diversification amongst sellers
in online adverts amounts to a breach of law. CAPI screen-
ing can support the enforcement of regulatory law in the
context of algorithmic targeting and personalisation, includ-
ing novel legislative proposals for platform regulation and
transparency in online advertising. There is great value in
discovering ‘targeting pockets’ via the CAPI, not least
because public oversight of advertising is compromised
due to the fragmentation of consumers by targeted
adverts, as we show below. Applying the CAPI can
further help regulators to direct regulatory resources to
areas in the distribution of adverts where the index shows
the risk of consumer harm to be heightened. Moreover,
the CAPI offers a tool with which to analyse the data cap-
tured in advertising repositories suggested in recent regula-
tory proposals such as the European Union’s (EU) Digital
Services Act (DSA) and new transparency rules on political
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advertising and targeting presented by the European
Commission (2020b, 2021c). While a novel metric, the
CAPI is thus a fairly ‘conservative’ measure as it can be
implemented within the current (and proposed) regulatory
framework.

While this paper draws on the example of advertising,
CAPI screening could be applied in various contexts of per-
sonalisation. Recommender systems are one such area. As
the development of Artificial Intelligence (AI) is currently
on a trajectory to increase personalisation of offers and pro-
ducts, CAPI screening could prove to become useful as an
auditing tool in AI governance. The customisation of pro-
ducts may allow AI-intensive firms to capture more of the
consumer surplus and lead to higher prices due to a lack
of price competition in the market (Acemoglu, 2021). The
European Commission not least proposed its AI Act with
a view to ‘facilitating audits of AI systems’ (European
Commission, 2021a: 10).

This paper proceeds as follows: we begin by describing
some of the risks to consumer welfare and law enforcement
which personalisation via targeted advertising and persona-
lised pricing can pose (see section ‘Personalisation, con-
sumer welfare and law enforcement’). In the EU single
market order, the consumer welfare standard seeks to safe-
guard competitive markets, protect consumer choice, and
prevent higher price levels and/or lower quality than
would have otherwise prevailed (European Commission,
2009: para 19; Ezrachi, 2018: 4–7; Weatherill, 2016).
While new forms of consumer vulnerability due to behav-
ioural targeting and price discrimination in the digital
economy have increasingly been anticipated by the litera-
ture, current EU consumer protection law does not reflect
this development and adheres to a widely rationalistic con-
sumer standard (Helberger et al., 2021; Laux et al., 2021a).

We then show how we construct the CAPI based on the
HHI and how we envision its usage (see section ‘A novel
metric: the CAPI’). Although there are legal proposals to
build advertising repositories, access to data on targeted
advertising and its distribution is currently scarce. We, there-
fore, compute the CAPI by drawing on synthetic data to
provide sample calculations based on a fictitious scenario
of an online market for mattresses. When calculating the
CAPI, outcomes are possible in which there is a large gap
between the CAPI and the HHI. This means that the diversity
of adverts delivered (as measured by the HHI) does not
match the diversity of adverts that the average individual is
exposed to (as measured by the CAPI). We draw on the
CAPI’s variance to reveal that there is a group of consumers
which experiences a distinctly different, concentrated expos-
ure to adverts than other consumers. We show that by
deploying a particularly strong form of targeting, one seller
can trap consumers in a ‘targeting pocket’ without needing
significant market power to do so.

A gap between the computed scores provides a motiv-
ation for regulatory intervention, as market concentration

metrics such as the HHI cannot spot the lack of diversity
individual consumers are experiencing in their personalised
interaction with the market. We, therefore, continue by sug-
gesting a regulatory solution based on the CAPI: the adding
of optimised degrees of noise to the targeting, thus serving
consumers with offers that are not based on their consumer
profile (see section ‘A novel solution: calculating the
optimal degree of added noise with the CAPI’). Currently,
the EU appears to be enacting a partial ban of targeted
advertising in its DSA, prohibiting targeting based on
data of minors and limiting targeting variables through
excluding categories of sensitive data such as race, religion,
or political orientation (European Parliament, 2022). At the
same time, online advertising providers and intermediaries
are rolling out second-generation tracking technology,
meant to safeguard privacy by limiting variables used
for targeting (see sections ‘Persuasive advertising and
rational consumer choice’ and ‘Regulatory options and
second-generation tracking’). Adding noise, however,
acknowledges the ambiguous consumer welfare effects of
personalisation laid out in the section ‘Personalisation, con-
sumer welfare and law enforcement’. A complete ban of all
personalisation would erase all potential welfare benefits
(see sections ‘Persuasive advertising and rational consumer
choice’ and ‘Regulatory options and second-generation
tracking’). Other normative considerations such as
privacy may, of course, favour a ban of all targeting, but
they must remain outside the scope of this paper. Based
on the CAPI, we show that there is a computable optimal
degree of added noise, which balances the normative
goals of protecting consumer choice and the economic
interests of advertisers. Adding noise with the CAPI can
thus present a proportionate response to the risks of con-
sumer harm from personalisation.

We conclude by stating the need for better access to data
for future research, differentiating targeting pockets from
‘filter bubbles’, and discussing the contribution CAPI could
make to prevent harms from personalisation beyond the
domain of targeted advertising (see section ‘Conclusion: per-
sonalisation beyond advertising’).

Personalisation, consumer welfare and law
enforcement
The economic incentive for sellers to segment consumers
into ever-smaller groups invites reflecting on the risks for
consumers involved. Below, we consider several (negative)
effects of personalisation on consumer welfare, including
distributional consequences from shifting surplus from con-
sumers to sellers through behavioural targeting and perso-
nalised pricing. We also consider the (negative) effect of
personalisation on public oversight of adverts and the
resulting consequences for law enforcement. The aim of
this section is to outline our theory of harm behind concen-
tration in personalisation which can motivate regulatory
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intervention supported by the CAPI. Positive effects of per-
sonalisation for consumers, such as a potential reduction of
choice overload (André et al., 2018: 32), will thus find com-
paratively less consideration below.

While we do not address privacy harms directly in this
paper, consumers’ privacy has links to their welfare.
Consumers may value privacy instrumentally, as it allows
them to enjoy a larger consumer surplus if sellers know less
about them and cannot charge higher prices. Consumers
may also value privacy intrinsically, not least to avoid targeted
ads (Acemoglu, 2021: 6). While some have argued that
rational consumers would only consent to having companies
use their data if the anticipated benefits exceed the costs to
their privacy, this view has been challenged, not least due to
the social dimension of data (Acemoglu, 2021: 6). An individ-
ual sharing their data also provides information about others,
thus creating externalities (Acemoglu, 2021: 6).

Below, we are going to consider the effects of personal-
isation on diversity (see section ‘Diversity in consumer
choice’) and rationality (see section ‘Persuasive advertising
and rational consumer choice’) in consumer choice, the dis-
tributional consequences of price discrimination (see
section ‘Price discrimination’), and the effects of segment-
ing advertising audiences on law enforcement (see section
‘Public oversight and law enforcement’).

Diversity in consumer choice
As mentioned, the EU single market order imposes a con-
sumer welfare standard that protects competition as well
as consumer choice. By segmenting its audience, personal-
isation can substantially reduce the range of choice consu-
mers experience, for example, in the advertising they
receive (Laux et al., 2021a).

In the extreme case, an individual consumer may be tar-
geted by one seller with one product or service only. For
such a ‘targeting pocket’ to occur, it would not be necessary
for a single firm to have gained significant market power, as
we will show in the section ‘A novel metric: the CAPI’. The
HHI would therefore not detect concentration in the market,
and we would not speak of an actual ‘monopoly’. The
extreme targeting case is not negligible, as from the per-
spective of the individual consumer, it may have similar
effects in terms of choice, pricing, and quality as a monop-
oly. Consider products and services that are only offered
online, such as online games; without advertisement, their
existence may be almost undiscoverable for consumers. A
single game developer may offer more than one game and
yet still target individuals with one game from their port-
folio of games only.

In less extreme constellations, consumers may only be
targeted with a small subset of available products and ser-
vices. For offers that are available online and offline, this
may not be too different from long-standing practices of
advertising, in which large marketing budgets have

allowed certain sellers to outbid their competitors for adver-
tising space. The difference with online targeted advertis-
ing, however, is the degree of consumer segmentation
that is both technically possible and economically afford-
able for many, if not most, sellers (Goldfarb, 2014). As
we show in the section ‘A novel metric: the CAPI’, a
seller with a comparatively small advertising budget can
still place consumers in a targeting pocket.

For the EU single market with its emphasis on safe-
guarding consumer choice, the effects of personalisation,
including the risk of ‘targeting pockets’, must therefore be
of normative concern.

Persuasive advertising and rational consumer choice
While consumers may benefit from a better matching of ads
with their preferences, behaviourally targeted advertising
can also exploit vulnerabilities in their ability to take
rational decisions. Today’s ad-technology can predict con-
sumer behaviour and biases beyond what consumers them-
selves can be expected to know or understand (Acemoglu,
2021: 6). Consequently, consumers may be persuaded to
buy products they did not intend to buy (Laux et al.,
2021a: 726–29; see also Hacker, 2021; Strahilevitz, 2013;
Zuiderveen Borgesius, 2015: 15, 47). Such behavioural
manipulation can shift surplus from the consumer to the
seller (and may distort the composition of consumption,
thus creating new inefficiencies, cf. Acemoglu, 2021: 18).
Again, this threatens the normative aim of the EU single
market order to safeguard certain choice conditions in
which (rational) consumers are able to take rational eco-
nomic decisions.

Take psycho-graphic targeting as an example: it allows
to determine the current emotional state of consumers and
predict how susceptible they are to advertising based on
their mood (Matz and Netzer, 2017). Another example of
companies estimating ‘prime vulnerability moments’ is
the anecdotal evidence of retailers forecasting whether
women are pregnant and sending them hidden ads for
baby products (Acemoglu, 2021: 14). While consumers
may have learned to protect themselves against abusive
forms of persuasive advertising they have been exposed
to since the very beginning of advertising, Big Data analy-
tics and machine learning technology may have quickly
outdated consumers’ learnings (Acemoglu, 2021: 14).

Advertising arguably always had some persuasive effect,
altering consumers’ preferences and creating artificial
product differentiation (Bagwell, 2007: 1705–1706; for a
discussion related to targeted advertising, see Laux et al.,
2021a: 724–26). If advertising was purely persuasive and
not informative, it would offer no real value to consumers
and likely have anti-competitive effects. Seen from this
extreme, adverts manipulate consumers into buying pro-
ducts they did not intend to buy. They harm competitors
who sell the products that consumers would otherwise
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have bought (Laux et al., 2021a: 724–5; Woodcock, 2018:
2272). Advertising thus has a negative social value. Vice
versa, if advertising was purely informative and not persua-
sive, it would have pro-competitive effects as consumers
receive valuable information about products’ existence,
their price, and their quality in markets characterised by
imperfect consumer information and high search costs
(Bagwell, 2007: 1705–1706; see also Laux et al., 2021a:
724–6). Adverts then promote competition between estab-
lished firms and facilitate market entry for new competitors
(Woodcock, 2018: 2272–2273). Neither extreme view on
the social value of advertising appears to be entirely
convincing.1

Seen from a purely informative view on advertising, one
may argue that as much as targeting actually increases the
matching of adverts with consumers’ preferences, it can
amplify advertising’s informative effect. This will then
regularly depend on the quality of the data and the inferen-
tial analytics deployed in targeting. Putting questions about
the remaining value of information about products outside
of the predicted range of preferences aside, rational consu-
mers should thus prefer to be tracked and targeted online.
Actual consumer behaviour, however, tells a different
story. Consumers tend to avoid being tracked for advertis-
ing purposes (Ham, 2017). They now take advantage of
changes to mobile phone operating systems by Apple and
Google in 2021 that allow users to opt out of tracking for
advertising by apps (Grant, 2021; Meaker, 2022). In
response, advertisers cut back their spending on apps such
as Snap, Twitter, Facebook and YouTube as the accuracy
of targeting allegedly decreased (Filippino et al., 2021;
McGee, 2021).

Consumers’ ability to opt out of mobile-app tracking
does not mean the end of the data-based personalisation
of online advertising and commercial communication.
Instead, online advertisers are developing a new generation
of tracking tools that allow the delivery of personalised ads
without the use of third-party cookies (Meaker, 2022; for a
critique, see Cyphers, 2021; Milmo, 2022). Consumers thus
remain exposed to risks stemming from behavioural target-
ing, not to speak of those consumers who decide to opt in
and allow tracking by mobile apps.

Price discrimination
As stated above, price discrimination can have ambiguous
effects on consumer welfare. It can lead to an expansion
of supply as more consumers can be served (Bourreau
et al., 2017: 53; Marotta et al., 2021). Sellers can offer
their products and services to consumers with smaller
budgets (who thus benefit), which increases total consump-
tion. At the same time, this will regularly lead to higher
prices for consumers with a (predicted) higher willingness
to pay. For these types, consumer surplus – i.e., the differ-
ence between the price a consumer pays and the price she

would be willing to pay (Ezrachi and Stucke, 2016b: 86)
– is reduced. Especially those consumers who have
limited choice of whom to buy from or with little motiv-
ation to ‘shop around’ will likely face discrimination
(ACCC, 2019: 517; Strahilevitz, 2013).

Furthermore, price discrimination not only has ambigu-
ous welfare effects for consumers but potentially also for
producers: while personalisation allows sellers to efficiently
allocate their advertising costs, they may suffer a net
welfare loss if competition for price-sensitive consumers
is intensified through price discrimination (Poort and
Zuiderveen Borgesius, 2021: 5).

Public oversight and law enforcement
Risks not only occur at the individual level of consumers
but also for public law enforcement. While a billboard
can be seen by all passers-by, targeted ads are only
visible to the targeted audience. Public oversight of perso-
nalised adverts can thus be compromised. This is problem-
atic, as the targeted groups may often lack the contextual
knowledge of why they are being targeted and why it can
be harmful to them (Milano et al., 2021; Wachter, 2021).
Members of targeted groups cannot always be expected to
understand their susceptibility to the targeted messages,
and those outside of such groups are less likely to learn
about the targeting and pursue complaints on behalf of
the targeted. Complaint-based systems of consumer protec-
tion are therefore threatened in their efficacy (Wachter,
2021).

A novel metric: The CAPI
In recent years, concerns about the possible negative effects
of personalised online services have led to efforts to quan-
tify their degree of personalisation. For example, personal-
isation in web search as well as online news has been
measured by using similarity ratios (Cozza et al., 2016;
Dos Santos et al., 2020; Hannák et al., 2017; Krafft et al.,
2019; Le et al., 2019; Puschmann, 2018; Salehi et al.,
2015). Similarity ratios have also been applied to measuring
targeted online advertising (Balebako et al., 2012; Guha
et al., 2010). As mentioned, the idea behind the CAPI is
instead to treat every consumer as a ‘market’ and measure
the concentration of adverts a typical individual receives
from one particular shop type. Building on the HHI, the
CAPI measures ‘market’ concentration in terms of exposure
to adverts rather than sales.

This section begins by addressing the obvious need to
feed the CAPI with data if it was to be implemented. The
accessibility of personalisation data, however, is a signifi-
cant problem (see section ‘Preliminary consideration:
access to data’). Fortunately, EU policymakers are currently
drafting legislation that mandates online advertising reposi-
tories. If enacted, the CAPI could help to implement and
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enforce the new legislation. We then show how the CAPI is
created in three consecutive steps. First, we adapt the HHI
by calculating the index not for market shares (via sales)
but for exposure to adverts (see section ‘Step 1: adapting
the HHI to measure ad exposure’). Second, we arrive at
the CAPI by computing the HHI in terms of advert expos-
ure for each individual separately and then average the
result to measure the diversity of adverts experienced by
an average individual (see section ‘Step 2: arriving at the
CAPI’). Third, we show how to work with the CAPI and
what its scores can tell us about risks to consumers (see
section ‘Step 3: working with the CAPI’). We circumnavi-
gate the problem of lacking data by drawing on a fabricated
example: an online market for mattresses. Up to this point,
we calculate the CAPI and analyse its results without
knowledge about targeted groups. We, therefore, show an
additional calculation, assuming knowledge about which
groups of consumers have been targeted (see section
‘Consequent consideration: lifting the veil of group mem-
bership’). This final point is an important preliminary step
for the regulatory solution to ‘targeting pockets’ suggested
in the following section.

Preliminary consideration: Access to data
When implemented in practice, the CAPI would be com-
puted based on actual data. As regards our example of tar-
geted adverts, while available to advertisers and ad-tech
providers, such data is currently difficult to access for
researchers and public authorities (Laux et al., 2021b).
Encouragingly, recent legislative attempts in the EU to
introduce audits and risk assessments to targeted advertis-
ing are also aiming to improve data accessibility.

As mentioned, the DSA envisions the creation of adver-
tising repositories for very large online platforms in Article
30(2)(e) DSA. Likewise, the proposed legislation on polit-
ical advertising by the European Commission potentially
requires record-keeping of (targeted) political adverts by
online intermediaries and advertising service providers
(European Commission, 2020a: 5). Moreover, the proposed
AI Act of the EU seeks to guarantee that, amongst other
actors, auditors and researchers ‘should be able to access
and use high quality datasets’ (European Commission,
2021a: Recital 45). After all, AI is increasingly the techno-
logical driver behind targeted advertising and personalised
pricing strategies (Gonzales, 2022).

Depending on their final wording and especially of
Article 30(2) DSA, these proposals could provide enough
data to calculate CAPI scores for advertisements displayed
on large platforms in the EU. The CAPI could thus prove to
be a helpful tool for monitoring consumer harms and ‘tar-
geting pockets’ as described above, facilitating the imple-
mentation of these novel regulations as well as enhancing
the enforcement of existing consumer law such as the

Unfair Commercial Practices Directive (UCPD) and, poten-
tially, competition law.

Step 1: Adapting the HHI to measure ad exposure
As mentioned, we are creating the CAPI based on the HHI.
The latter is used in competition law enforcement as a
measure of concentration in the market (White, 2013: 39–
40). The HHI is calculated by squaring the market share
of each firm in the market and then taking the sum of the
resulting squares (United States Department of Justice,
2018). A sample calculation for a market of four firms
with shares of 30, 30, 20 and 20% goes as follows: 0.32+
0.32+ 0.22+ 0.22= 0.26. Here, we are using an HHI that
describes market shares as fractions of 1. Therefore, the
maximal number that our HHI could reach is 1, in case
one firm is the only player in the market. It approaches 0
when a market is shared by a large number of firms of rela-
tively equal size. Two factors let the HHI increase: when the
number of firms in the market decreases and when the dis-
parity in size between those firms increases (United States
Department of Justice, 2018).2

In this paper, we adapt the HHI to create the CAPI to
measure exposure to adverts of a given product or service
type instead of firms in the market. The idea behind the
CAPI is to quantify how consumers perceive the online
market as a whole, led by concerns about consumer
choice and law enforcement articulated in the section
‘Personalisation, consumer welfare and law enforcement’.
To achieve this, we need to compute the measure at the
level of the individual consumer, as the next step is going
to show.

Step 2: Arriving at the CAPI
We suggest the CAPI as a metric in which we compute the
HHI in terms of advert exposure for each individual separ-
ately and then average the result to measure the diversity of
adverts experienced by an average individual.

CAPI(x) = 1
n

∑n
i=0

HHI(xi)

where n is the number of individuals, HII(xi) is the advert
exposure of the ith individual computed as follows:

HHI(xi) = 1
n

∑m
j=0

ai,j∑m
k=0 ai,k

( )2

Here m is the total number of advertisers, and ai,j measures
the total number of times individual i sees an advertisement
from advertiser j.

The CAPI analyses one side effect of ‘targeting pockets’,
i.e., the (lack of) diversity in adverts experienced by an
average individual. It does not provide a measure for the
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degree of personalisation of just one seller’s advert. Even if
a seller would hyper-personalise ads and address an individ-
ual consumer with adverts, as long as that consumer would
also be exposed to adverts by competing sellers, the CAPI
would not register the hyper-personalisation done by one
seller.

We consider online advertising for mattresses as an
example. Imagine that one online seller of mattresses
buys up all online advertising space for mattresses. Each
individual consumer thus receives adverts only from this
one seller, and the HHI and CAPI would both equal 1.

Now assume that there are three mattress stores all
advertising to approximately one-third of the population,
but each individual only receives adverts from one store.
Then, for each individual xi:

HHI(xi) = 1
n

∑m
j=0

ai,j∑m
k=0 ai,k

( )2

= 1

and

CAPI(x) = 1
n

∑n
i=0

HHI(xi) = 1

On the other hand, if each individual receives a uniform mix
of adverts from across all stores, we find:

HHI(xi) = 1
n

∑m
j=0

ai,j∑m
k=0 ai,k

( )2

= 0.33

and

CAPI(x) = 1
n

∑n
i=0

HHI(xi) = 0.33

This scenario points to a fundamental relationship between
the HHI computed for adverts, over the whole population,
and the CAPI. Under the assumption that each person
sees the same number of adverts, we find that:

HHI ≤ CAPI ≤ 1

In other words, if the HHI shows that a diverse set of
adverts are being delivered, it is always possible that
despite this, each person is effectively experiencing the
same personal environment that they would in a monopoly
and only receiving adverts from one seller in a particular
market. However, if the HHI shows that there is an effective
monopoly, this will always cause the CAPI to be high.

Moreover, the lower bound of HHI = CAPI always
occurs when the market is not separated into different sub-
groups, and everyone receives the same adverts at the same
rate, and the upper bound of CAPI = 1 only occurs when
each person receives adverts from only one advertiser.

Step 3: Working with the CAPI
To demonstrate the value of CAPI screening, we now con-
sider a market with three mattress stores that are less equally
distributed.3 Imagine a three-stage scenario: First, there is
only one incumbent (‘Dreamy’). Dreamy advertises randomly
to 50% of the population, not using targeted advertising. In
stage 2, a competitor (‘MyMattress’) enters the market.
Instead of advertising randomly, MyMattress uses some target-
ing to reach a specific half of the population, for example,
women. In stage 3, another competitor (‘SleepTight’) appears.
SleepTight deploys an extreme targeting strategy and only
targets a specific tenth of the population. Let us assume they
only target those consumers who they know to fare badly at
calculating delayed costs. By placing salient adverts for con-
sumer loans to purchase its mattresses, SleepTight thus
engages in a form of ‘behavioural manipulation’ (see section
‘Personalisation, consumer welfare and law enforcement’).

We further assume that targeting positively affects the
success of online adverts, increasing click-through rates.
For Dreamy’s non-targeted ads, we assume a click-through
rate of 25% (i.e., every fourth consumer who is exposed to
their advert will click on it). For MyMattress, we stipulate
that their targeting leads to a click-through rate of 50% in
the targeted population. For SleepTight, the click-through
rate is 100% in the targeted population. If – and this will
become important in the next section – MyMattress or
SleepTight should happen to show their advert to a con-
sumer outside of their target group, we assume their click-
through rate to reverse to that of Dreamy (25%), i.e., their
targeting is only effective towards the targeted consumers.

For these scenarios, we have calculated the following
metrics, which are summarised in Table 1.

Each row describes one stage of the scenario, and the last
row shows the percentual changes of all metrics moving
from stage 2 to stage 3, i.e., the effect of the second com-
petitor, SleepTight, entering the market.

Obviously, in a one-firm market, we have an HHI of 1
and a CAPI of 1 (see section ‘Step 2: arriving at the
CAPI’). Once the first competitor enters, the HHI halves.
This is expected as the same market is now shared by two
firms that effectively advertise to every second person in
the population. The CAPI, however, does not halve but

Table 1. Changes in concentration become visible when

examining the variance of the CAPI.

Personal level

Scenario HHI CAPI Var(CAPI)

One firm 1.000 1.000 0.000

Two firms 0.500 0.829 0.056

Three firms 0.422 0.786 0.069

Change (2–3) −16% −5% 23%

Abbreviations: CAPI: Concentration-after-Personalisation Index; HHI:

Herfindahl–Hirschman Index.
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instead decreases only by roughly 16%. The gap between
the HHI and the CAPI shows the latter’s response to
MyMattress’ moderate targeting.

In the third row (the third stage of our scenario), we see a
16% decrease of the HHI due to the addition of a third
advertiser, SleepTight. The CAPI only decreases by 5%,
which already indicates that the advertisement for
SleepTight is significantly differently distributed from the
adverts of the two other advertisers, Dreamy and
MyMattress. The increasing gap between the HHI and the
CAPI signals a risk of consumer harm which is not detected
by the competition-law metric of the HHI and a potential
need for further regulatory scrutiny. This becomes even
more apparent when examining the change in the variance
of the CAPI, which has increased by 23%. We select the
variance as a metric as it reflects the distribution of the
CAPI, which is thus well-suited to detect outliers in the dis-
tribution. In this case, these outliers are the ‘targeting
pockets’ we set out to detect in this paper, as they signal
a high risk of harm to consumer welfare. The CAPI’s vari-
ance shows that in the market with three mattress sellers,
some people are experiencing a distinctly different expos-
ure to targeted adverts than in the scenario with two firms.

As mentioned, a CAPI score is not evidence for a breach
of law but provides summary statistical evidence that con-
sumer welfare is at risk because of a lack of diversity in
advertising exposure. Especially those ‘targeting pockets’
created by SleepTight can mean less consumer choice and
an increased risk of price discrimination beyond the socially
optimal as well as targeting with persuasive ads (see section
‘Personalisation, consumer welfare and law enforcement’).
Calculating the CAPI’s variance thus helps to detect the
aggressive targeting practices of SleepTight. Section
‘Personalisation, consumer welfare and law enforcement’
has argued how valuable such a discovery can be, not
least because public oversight of advertising is compro-
mised due to the fragmentation of consumers by targeted
adverts.

Consequent consideration: Lifting the veil of group
membership
Now that we detected a ‘targeting pocket’ with the CAPI,
we consider a regulator’s potential desire to know which
consumer group sits in this pocket. The CAPI score
alone, however, does not provide us with such information.
To learn which consumers are trapped in the targeting
pocket, the regulator (or auditor acting under novel regula-
tion, see section ‘Preliminary consideration: access to data’)
would need to obtain information about group distinction.
Below, we assume that this information is available to the
regulator. However, even if group information is unavail-
able, from a governance perspective, it is positive to note
that the detection of the ‘targeting pocket’ has been success-
ful without it. This is important as information about groups

may be proprietary or, if consumers are fragmented by
AI-driven technology, unintelligible to humans.

We expand Table 1, and the newly added columns show
the CAPI for 10 groups of consumers, one of which is the
group targeted by SleepTight. As in the previous section,
we show the variance of this group-level CAPI (Table 2).

The values for the group level show that in this case, the
change in the variance of the group-level CAPI matches the
change in the variance of the personal-level CAPI. This is
because, in our example, regulators perfectly identified
the group that is targeted by SleepTight. The variance of
the group-level CAPI can thus function as a benchmark
as to whether the correct group has been identified. It
further provides a benchmark for the policy solution we
are going to suggest in the next section.

A novel solution: Calculating the optimal
degree of added noise with the CAPI
In the previous section, we used the CAPI to detect the
effects of targeted advertising on consumer choice that
would remain undetected by the competition-law metric
of the HHI, in particular, ‘targeting pockets’. In this
section, we take the identified gap between the CAPI and
the HHI as a motivation to suggest a regulatory solution
based on the CAPI: adding noise to targeting, i.e., exposing
consumers to non-targeted, hence noisy, adverts.

We begin by arguing that as long as targeted advertising
is not completely banned, ‘targeting pockets’ may still
occur, even if the range of targeting variables is limited
either by law or by an online advertiser’s privacy policy
(see section ‘Regulatory options and second-generation
tracking’). We then make the case for adding noise to tar-
geting as a normative solution, at least if only (economic)
consumer welfare is considered. As mentioned, other con-
cerns such as privacy may suggest different solutions. We
show that within this constraint, adding noise can be
treated as an optimisation problem (see section ‘Adding

Table 2. The variance of the group-level CAPI helps us identify

which group has been targeted.

HHI

Personal level Group level

Scenario CAPI Var(CAPI)

Group

CAPI

Var(Group

CAPI)

One firm 1.000 1.000 0.000 1.000 0.000

Two

firms

0.500 0.829 0.056 0.776 0.056

Three

firms

0.422 0.786 0.069 0.757 0.069

Change

(2–3)
−16% −5% 23% −2% 24%

Abbreviations: CAPI: Concentration-after-Personalisation Index; HHI:

Herfindahl–Hirschman Index.
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noise as an optimisation problem’). As such, it responds
well to the demands of the proportionality principle, a
legal test that any regulatory mandate to add noise to target-
ing would have to pass. We then come back to our exem-
plary scenario of the online market for mattresses
developed in the section ‘A novel metric: the CAPI’ and
compute the optimal degree of added noise relative to the
interests of consumers and sellers (see section
‘Determining the optimal degree of noise with the CAPI’).

Regulatory options and second-generation tracking
Currently, there are calls to ban certain uses of behavioural
targeting in the USA and the EU by law (Jacobs, 2022;
Kelly, 2022). As long as these bans will only limit the
use of certain tracking variables such as those based on sen-
sitive personal data (see Introduction), we do not expect this
to eliminate all personalisation of advertising or other forms
of personalised consumer interaction online, not even to
speak of personalised pricing strategies.

At the same time, removing targeting categories by law
and thus only allowing less fine-grained personalisation
than would be technically possible is a less stringent alter-
native to a complete ban (Milano et al., 2021). It is thus nor-
matively attractive insofar as it protects the economic
interests of advertisers and seems to be the favoured
option by EU policymakers. The European Commission’s
recently proposed regulation on political advertising
intends to limit the use of sensitive information such as
race, political opinions and religious beliefs for targeting
purposes (European Commission, 2021b). The DSA is like-
wise bound to ban targeting based on sensitive personal data
(European Parliament, 2022). In November 2021, Facebook
announced to remove sensitive targeting options which refer-
ence, for example, public figures that relate to health, race or
ethnicity, political affiliation, religion, or sexual orientation
(Meta Platforms, Inc, 2021; for the legal problems which
Facebook encountered, see Wachter, 2021).

While protecting consumers’ privacy, this approach
carries its own risk of being under-inclusive when consid-
ering economic harm to consumers. Selecting which cat-
egories are targetable and which are not requires
normative choices. The law applicable to advertising in
the EU – particularly EU consumer law – demonstrates
this problem well, as it has neatly-defined characteristics
of vulnerability in consumers. Article 5(3) UCPD lists
‘mental or physical infirmity, age or credulity’ as factors
of vulnerability. This legal stipulation does not reflect
the fact that all consumers can be vulnerable at some
point in time (Trzaskowski, 2016). In as much as personal-
isation techniques can predict psychological states and cog-
nitive biases, every consumer is the potential subject of
economic exploitation in the market, for example by
paying higher prices (Trzaskowski, 2016). There have thus
been calls to reform the UCPD accordingly and widen the

legal definition of consumer vulnerability (Hacker, 2021;
Helberger et al., 2021; Laux et al., 2021a; Trzaskowski,
2016). However, as the inferential analytics behind person-
alisation is a fast-moving field of technology, there is
always a residual risk of being under-inclusive when
redefining legal terms.

Below, we show that for targeted advertising, there is an
alternative regulatory solution that protects consumers’ eco-
nomic decision-making while being less restrictive and
requiring less categorical normative choices than a legal
ban: adding noise to targeting and thus randomly diversifying
the exposure to adverts by an average individual consumer (on
adding noise, see also Milano et al., 2021: 469–70).

Adding noise as an optimisation problem
To reiterate, we are endorsing noisy targeting because of the
ambiguous welfare effects of targeted advertising.
Targeting will hurt some consumers while others will
benefit (see section ‘Personalisation, consumer welfare
and law enforcement’). A ban would, however, erase all
potential welfare benefits that may result from an improved
matching of adverts with consumer preferences and their
price sensitivity. If consumers receive a certain amount of
non-targeted, hence noisy, adverts, it allows them to see a
wider range of offers (see also Laux et al., 2021a). They
could thus become aware of the existence, quality and
prices of products and services which advertisers would
not pay a premium to supply them with based on their con-
sumer profile. It would also allow them to see adverts that
other consumer groups are being served with and thus
increase public oversight.

Adding noise requires, however, a normative choice as
to how much noise should be added to balance advertisers’
and consumers’ interests. This is essentially an optimisation
problem, and as such, it responds well to the demands of the
proportionality principle, which eventually every regulatory
intervention through EU law would have to meet.
Proportionality is one of the general principles of EU law
and thus permeates the entire EU legal order (Tridimas,
2007). When applied, it often results in a structured test,
where courts determine whether a (regulatory) policy
pursues a legitimate aim, whether the measure is apt to
achieve this aim, whether the measure is necessary to
achieve this aim, and whether there is a proportionate
balance struck between the aims pursued by the policy
and its consequences, not least for the realisation of other
legitimate interests (Young and De Búrca, 2017: 140).

We consider three interests that are affected by targeted
advertising and are protected by the EU legal order, hence
constituting ‘legitimate aims’ in a proportionality test
First, exercising rational consumer choice (cf. sections
‘Diversity in consumer choice’, ‘Persuasive advertising
and rational consumer choice’ and ‘Price discrimination’)
is an interest protected by EU consumer law, which
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safeguards consumers against misleading advertising (cf.
Art. 2(e) UCPD).

Second, as targeting fragments the audience of adverts, it
can obstruct public oversight over adverts (Milano et al.,
2021). The European public has a legally protected interest
in having access to information (Court of Justice of the
European Union, 2014: para 97). This should arguably
also include some information about what commercial com-
munication other European consumers are receiving, not
least with a view to citizens’ ability to file complaints
about misleading advertising.

Third and finally, the advertiser has an economic interest
to target consumers efficiently, save costs, and increase sales.
The economic interests of sellers are, for example, recog-
nised by Articles 15–17 of the EU Charter of Fundamental
Rights. Moreover, the legitimacy of businesses’ economic
interests is broadly recognised in secondary EU law. For
example, Article 15 of the General Data Protection
Regulation (GDPR) can be limited for the sake of intellectual
property rights, trade secrets and business interests. For sim-
plicity, we are treating consumers’ interest to receive adver-
tising which matches their true preferences as coextensive
with the advertisers’ interest to target consumers.

Proportionality requires balancing these three interests
against each other. The proportionality principle can be
translated into an optimisation principle, hence treating
legal interests as fulfillable to different degrees and requir-
ing realisation to the highest degree that is actually and
legally possible (Alexy, 2000, 2002: 44–110; for a critique,
see Habermas, 1996: 258–59). We now show how the
CAPI can be used to identify the optimal degree of added
noise.

Determining the optimal degree of noise with the
CAPI
Let us come back to our scenario with three mattress sellers.
We are now introducing noise to their advertising as a regu-
latory response to the risks associated with the identified
‘targeting pocket’ (see section ‘A novel metric: the
CAPI’).4 We further balance the economic interest of
firms, i.e., their click-through rates, with the consumers’
and public’s interest in diversity in advertising exposure.

The ‘costs’ of adding noise are understood as a loss of
clicks compared to a scenario without noisy targeting.
However, implementing noise in the current (yet contin-
gent) market structures of the ad-tech industry would
raise further questions about the distribution of ‘costs’
now understood as a loss in revenue. Several scenarios
are imaginable. If noisy ads are shown on a publisher’s
website and generate fewer clicks than non-noisy targeted
ads and the publisher receives more payment for ads
which are clicked on, then the publisher will incur a large
proportion of the costs of adding noise. One could further

imagine that if publishers rely on ad-intermediaries to
auction off their advertising space, they are now willing
to pay less for the intermediaries’ services who must imple-
ment noise by law, as their expected payoffs are now lower.
However, the current market for ad-intermediary services is
highly concentrated (see the references in Laux et al.,
2021a: 731), making it unlikely that the dominant inter-
mediary would lower prices on the publisher’s side of the
market. At the same time, if advertising budgets and pub-
lishers’ space for adverts remain the same, noisy targeting
could also increase prices in auctions as advertisers now
need to place more ads to use up their budgets, thus
keeping losses in revenue for publishers lower than in the
scenario described before. That said, our interest lies with
the consumer’s perspective. The aim here is to show that
the CAPI allows the balancing of click-through rates with
diversity in advertising exposure.

Figure 1 represents both these metrics for varying levels
of noise, from 0% to 100% added noise. Of course, 0% of
noise describes the market as depicted in the section ‘A
novel metric: the CAPI’. 100% added noise prevents all
sorts of targeting and makes now both Dreamy and
MyMattress randomly advertise to 50% of the population
(remember that MyMattress targeted a specific half of the
population). SleepTight now advertises randomly to 10%
of the population. As mentioned, outside of their target
population, MyMattress’ and SleepTight’s click-through
rates revert to that of the incumbent Dreamy (see section
‘Step 3: working with the CAPI’).

Now we observe that as noise increases, click-through
rates deteriorate for the two competitors who deploy tar-
geted advertising. For the incumbent Dreamy, however,
there is no change visible – but for some irrelevant model-
ling fluctuation. Obviously, as SleepTight’s previous click-
through success was due to their targeting (every ad shown
to their target group results in a click), with increasing noise
more and more of their ads are shown outside of their target
group where its click-through rate reverses to that of
Dreamy. As long as SleepTight does not begin to show
more ads and keeps on reaching a now-random 10% of
the population, this trend continues.

Interestingly, the variance of the group-level CAPI (see
section ‘Consequent consideration: lifting the veil of group
membership’), does not show a linear deterioration with
increasing noise – the curve flattens out around the
value of 40%. This suggests that there is an optimal
degree of added noise, relative to our normative goals
of protecting consumer choice and the economic interests
of advertisers.

Selecting this noise level of 40% would indicate a 96%
decrease in the variance of the group-level CAPI, no signifi-
cant change in the click-through rates of Dreamy, a loss of
click-through of 14% for MyMattress, and, respectively,
29% for SleepTight. The change of all other metrics
along the different noise levels is listed in Table 3.
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We can obviously only speculate about a court’s assess-
ment of the proportionality of adding 40% of noise.
However, a 96% decrease in the reduction of the variance
of the group-level CAPI at the ‘price’ of a 14% and 29%
click-through loss appears well-balanced, given the risks
associated with certain consumers being trapped in a ‘tar-
geting pocket’.

Moreover, as the adding of noise would have to be done
by advertising technology providers, the lack of necessary
group information (see section ‘Step 3: working with the
CAPI’) on the side of regulators is curable: advertisers
and ad-tech providers could simply be mandated to add
the optimal level of noise, as determined by the CAPI.
Yet even if mandated by law, the CAPI could not heal
the asymmetry of access to data between the ad-tech indus-
try and regulators, auditors and researchers.

Conclusion: Personalisation beyond
advertising
In this paper, we introduced the CAPI as a novel metric with
which to measure the effects of personalisation on con-
sumer choice and consumer welfare. We used the
example of targeted online advertising to show how the
CAPI can measure the diversity of adverts experienced by
an average individual. We showed how the CAPI screens
the distribution of personalised adverts for concentration

and detects ‘targeting pockets’ in which consumers can
become trapped. Without such a screening tool, high
degrees of concentration will remain hard to detect, not
least because public oversight of advertising is compro-
mised due to the fragmentation of consumers by targeting.
We have argued elsewhere that the exposure to non-
personalised options is important for consumer choice
(Laux et al., 2021a); the European Parliament likewise
appears to have recognised its importance when it decided
that large online platforms should provide at least one rec-
ommender system that is not based on profiling (European
Parliament, 2022). We further developed a novel policy
solution to dissolve targeting pockets, i.e., the adding of
noise to targeting. Based on the CAPI, we could show
that there is an optimal degree of added noise, which suc-
cessfully balances consumers’ and advertisers’ interests.

We anticipated the regulatory development around tar-
geted advertising and demonstrated how the CAPI can
help to strengthen the EU’s coming DSA, its future political
advertising regulation, its proposed AI Act, as well as exist-
ing EU consumer law. The CAPI provides a monitoring
tool which helps to focus the auditing of advertising to
areas of advert delivery in which the risk of consumer
harm is heightened.

At this point, one may question whether research find-
ings on ‘filter bubbles’ show that we are overestimating
the likelihood and harmfulness of targeting pockets.

Figure 1. With increasing noise we see how the variance of the group-level CAPI diminishes quickly while click-through rates

deteriorate significantly slower.
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Actual click-through rates of targeted adverts are not nearly
as high as assumed in the section ‘A novel solution: calcu-
lating the optimal degree of added noise with the CAPI’ and
likely still remain below 1% (cf. Zuiderveen Borgesius
et al., 2016: 10). The dangers of filter bubbles as a result
of algorithmic personalisation have been found to be less
harmful to people’s access to information as originally
thought – largely, however, because the technology is still
insufficient and people are able to actively seek out other
sources of information (Zuiderveen Borgesius et al.,
2016: 10). We would like to offer two rejoinders. First, as
a measure of concentration, the CAPI cannot appreciate
the behaviour of consumers. It provides a screening tool
which scans for areas with heightened risk in the distribu-
tion of personalised content, but not a conclusive answer
as regards the occurrence of consumer harm. Moreover, tar-
geting pockets are the extreme case based on which we
developed our idea for the CAPI. This does not mean,
however, that the CAPI is useless unless it detects a target-
ing pocket. Just like the HHI is a measure of market concen-
tration and not only a detector of monopolies, the CAPI is a
measure of concentration in personalisation, which may
have negative effects on consumer welfare even below
the level of targeting pockets.5

Second, personalisation technology may progress and per-
meate further domains of economic activity, actualising a need
to revisit the findings on filter bubbles. After all, targeted
advertising is one salient example of personalisation.
Recommender systems and some forms of price discrimin-
ation are further examples. In the Introduction, we stated the
risks of algorithmic collusion in setting prices, for which
first empirical evidence is emerging. With the ongoing adop-
tion of AI, consumers (and citizens) will likely increasingly
interact with firms (and governments) through personalised
communication and content. Behavioural manipulation
through exploiting vulnerabilities in consumers may find its

way directly into the composition of products and services
(Acemoglu, 2021: 2). Screening tools such as the CAPI,
which is not limited in its application to targeted adverts,
should thus become important parts of regulators’ toolboxes.

Lastly, metrics such as the CAPI demonstrate the
importance of granting broader access to personalisation
data for effective oversight and auditing (Laux et al.,
2021b). The CAPI could easily be utilised by different
actors, such as regulators, auditors and industry itself.
Such broad utilisation would be beneficial even where
access to data remains unequally distributed. As shown
above, if information about targeted groups remains
inaccessible to auditors, regulators could still mandate
industry to add optimal degrees of noise as determined by
the CAPI.
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Notes

1. Critics of the informative view hold that in the digital age, con-
sumers do not need advertising anymore to collect information
about products they are interested in (Woodcock, 2018: 2274–
2275). What remains is mainly persuasive advertising, which
constitutes “socially wasteful spending” (Woodcock, 2018:
2337). Moreover, a third view on why consumers respond to
advertising holds adverts to be complementary to the advertised
product. For example, those consumers who value ‘social pres-
tige’ will find a product that is appropriately advertised as gen-
erating greater prestige in its consumption (Bagwell, 2007:
1706).

2. The HHI has been adapted before by political scientists to
measure the effective number of parties in a political system
in the so-called L-T index, which accounts for the fact that
not all parties are of the same size (following Laakso and
Taagepera, 1979; see further Grofman, 2019: 149, fn. 7). The
L-T index allows to describe the fragmentation of the party
system according to the electoral weight of the parties in elec-
tions (Dodeigne and Pilet, 2021: 237).

3. We created a model with a population of 1000 potential consu-
mers, which we segmented into 10 equally sized groups (A-J).
Exposure to advertisement is labelled with a value of 1 and 0
otherwise. Hence, for Dreamy, we distributed values of 0 and
1 randomly across all 1000 individuals. For MyMattress, we
assigned all 500 individuals in groups A–E a value of 1, and
0 for the individuals in groups H–J. For SleepTight, we
assigned all 100 individuals in group A a value of 1, and 0
for the remaining 900 individuals. We did not distribute
adverts through auctioning, the current practice in online adver-
tising; cf. the references in Laux et al., 2021a: 731. With auc-
tioning, we would expect the chance for ‘targeting pockets’
to occur to be at least the same, if not even higher, as it is in
our model.

4. With the introduction of different levels of noise, we gradually
shifted away from the original advertisement distributions in
our model (cf. n 1) and substituted them with random noise.
However, we kept the initial size of the advertised population
for each firm intact. This means that, throughout all degrees
of noise, Dreamy and MyMattress advertise to 500 individuals,
while SleepTight advertises to 100 individuals.

5. This may vary from market to market and will further depend
on consumer behaviour. For example, how likely are consu-
mers to seek out information on insurance besides the offers
they are being advertised with?
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