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Abstract

Pass-through rates are relevant in a variety of contexts, such as estimating antitrust

damages. It is often alleged that focal pricing, the practice of charging only special

prices, e.g. ending in 9s, reduces the degree of pass-through in an industry. This claim

has serious consequences, including the dismissal of court cases, but it is not grounded in

economic theory or evidence. I prove that, in a simple but general framework, expected

pass-through is unchanged by the presence of focal pricing constraints. It is therefore

not safe to assume that pass-through will be low in industries characterised by focal

pricing constraints.

1 Introduction

A firm sells goods to consumers, and incurs costs in the form of input costs and sales

taxes. The degree to which changes in these costs are passed-through to changes in the
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prices paid by consumers is relevant in a variety of contexts, including tax incidence, merger

control, and antitrust cases. Governments considering a hike in sales taxes are interested

in the degree to which it will be absorbed by firms, and to what degree by consumers.

Competition authorities deciding whether to allow a merger consider whether any potential

efficiencies1 from the proposed merger will in fact be passed through to consumers in the

form of lower prices, and therefore may offset detrimental impacts from the merger, including

reduced competitive pressure. Courts awarding antitrust damages rely on estimates of pass-

through to quantify fair compensation. For example, in indirect purchaser class actions it

is alleged that the claimants (end-consumers) paid inflated prices for end-products because

down-stream firms (sellers of those end-products) passed through input costs overcharges

due to abusive conduct by upstream firms (producers of the input). In order to estimate

appropriate damages, it is necessary to estimate the extent to which inflated input costs

were passed through to consumers, instead of being absorbed by downstream firms.2

If a £2 increase in input costs leads to a £2 increase in prices, then there is ‘complete’ pass-

through, or an 100% pass-through rate. Depending on the context, pass-through rates can be

below, above, or at 100%. They can be affected by numerous industry-specific characteristics,

including the nature of competition between firms, the curvature of demand, returns to scale,

and any frictions in setting prices. For instance, Bulow and Pfleiderer (1983) discuss the

theoretical impact of different demand curvatures on pass-through rates in the context of

tax incidence. This paper aims to answer a question that has received very little academic

attention to date: the impact of focal pricing constraints on pass-through rates. To my

knowledge, this question has been addressed only by Alexandrov (2013), who sets out a

high-level argument why focal pricing will typically not have a substantial impact on pass-

through. I formally prove that the expected pass-through rate is unchanged by the presence

of focal pricing constraints, under a simple but general framework. I refer to this as the
1Merger efficiencies are cost reductions resulting from the merger.
2In some cases there may be additional layers in the industry, e.g. the input may be sold by an upstream

firm to an intermediate firm to produce an output which is then sold by a retailer. The logic remains the
same, though with a chain of pass-through.
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Irrelevance Theorem. The Irrelevance Theorem holds exactly under several standard models

of competition between firms, and different demand functions, and as an approximation in

other cases. I also discuss the distribution of pass-through, which is generally characterised

by more dispersion under focal pricing constraints.

Focal pricing is a widely observed phenomenon, consisting in firms only charging prices with

specific characteristics. In practice, focal prices fall into two main classes. The first are prices

with 9s in the last digits. These are widespread, and can be explained through models of

consumer behaviour where consumers effectively round down prices when making decisions,

e.g. due to left-digit bias (Levy et al. (2011), Snir et al. (2017), Strulov-Shlain (2023),

Basu (1997)). For instance, any price between $100 and $109 may be considered equival-

ent to $100 in the consumer’s decision-making process. The second class are ‘convenient’

prices, i.e. multiples of certain cash denominations. These are particularly widespread for

frequently purchased goods paid in cash in high-traffic transactions (Knotek (2008) and

Knotek (2011)). In this case, the non-monetary cost of obtaining exact change may be too

high and consumers may instead ‘leave the change’, effectively rounding up prices. For in-

stance, any price between $10 and $11 might be effectively rounded up to $11.3 In both of

these contexts, we can conceptualise the demand function as taking a step-wise form. In this

setting, it is generally optimal for firms the price from a discrete set of ‘focal’ prices.

The focal pricing constraints I study are distinct from two other closely related phenomena.

Firstly, I use the terminology ‘focal pricing constraints’4 to distinguish my setting from

the possibility that oligopolists are choosing to charge certain special prices in an attempt

to promote tacit collusion among themselves (see e.g. Scherr (1981)). There is less clear

evidence that this is an empirically relevant phenomenon, so I focus on the more practically

relevant situation here. The other related, but distinct, phenomenon is menu costs. Menu

costs involve an actual cost to changing prices, which is not present with focal pricing. These
3Virtually all firms employ this variety of focal pricing to some degree, because money denominations

constrain most prices to being multiples of the smallest available unit e.g. pennies.
4Even though technically firms are able to price continuously and choose to in response to a step-wise

demand function
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could be monetary costs of actually changing displayed prices, though these are less relevant

in a digital economy, or they may emerge if consumers are boundedly rational (e.g. see Ran

(2011) for models of reference dependent, loss averse consumers). Both focal pricing and

menu costs will lead to price rigidity (stickiness), i.e. prices being changed infrequently, and

typically not in very small increments. However, these phenomena are not observationally

equivalent, e.g. under menu costs firms will set prices from the whole range of feasible prices,

while under focal pricing we will observe only certain ‘special’ prices being charged.

The impact of menu costs on pass-through has already been studied in the context of money

neutrality. Due to the cost of adjusting prices, each period some firms do not adjust prices.

However, the firms who do adjust prices choose to do so notwithstanding menu costs because

they wish to adjust their prices substantially (Caplin and Spulber (1987), Carvalho and

Schwartzman (2015)). Empirically, these contrasting effects may mostly cancel each other

out, e.g. Nakamura and Zerom (2010) find that menu costs introduce a time lag in pass-

through, but have a negligible impact on long-run pass-through rates.5 I note that while

there are similar economic forces at play at an intuitive level, from a modelling perspective

the setting with menu costs is very different from the setting with focal prices, and hence the

existing literature on menu costs does not speak to the question of how focal pricing impacts

pass-through.

The question of whether, and how, focal pricing affects pass-through is interesting for a

variety of policy-relevant reasons. Examples include understanding the welfare effects of

consumers having left-digit-bias, or estimating optimal sales tax levels. For instance, Conlon

and Rao (2020) show that in the presence of price rigidities (both menu costs and focal

prices) the incidence of taxes on spirits varies widely. This paper is motivated by a different

application, to antitrust cases, but the framework I develop may be helpful in other contexts
5Those authors investigate different potential explanations for why there is incomplete (sub-100%) pass-

through of exchange rate fluctuations. Among other candidates, they include price rigidity (which in their
model is explained through menu costs); finding little impact. Instead they find that exposure to local
costs plays an important role in dampening the impact of exchange rate fluctuations, and that curvature of
demand also explains the observed pass-through patterns.
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too. This paper debunks the misconception that the presence of focal pricing constraints

in general reduces pass-through rates. In multiple high-profile antitrust cases, it has been

claimed that if an industry adopts focal pricing that in itself implies there will be very

little, if any, pass-through of input cost changes. The argument is that if firms round to

certain special prices, they are unlikely to adjust their prices in response to small input cost

changes. In re Lithium Ion Batteries antitrust litigation, the Court struck out the case,

amongst other reasons, because the defendants argued that the plaintiffs’ expert analysis

of pass-through did not take into account focal pricing. The defendants alleged that ‘‘focal

point pricing is prevalent in the pricing of products within the class definition, and will result

in no pass-through when a small cost change—such as the estimated $2.16 overcharge for

a notebook computer battery here—in presence of focal points that are wider apart than

the cost difference itself.’’6 A similar argument has been made by Qualcomm in antitrust

litigation in several jurisdictions.7

While this argument has intuitive appeal, it fails to recognise the other side of the coin: in

the presence of focal pricing constraints, some prices will be over-adjusted if the input cost

change leads to a jump from one focal price to another. Consider the example of laptops,

and let their prices optimally end in 9s. Then it is true that an overcharge on batteries of

$2.16 could result in no impact on the focal price charged, but it could also lead to a $9

jump (or more). This is confirmed empirically, e.g. Levy et al. (2011) find price changes are

less frequent, but bigger in magnitude, with focal pricing.

While there are examples of high pass-through in industries which adopt focal pricing (e.g.

see Conlon and Rao (2020)), theoretical work is required to convincingly debunk the mis-

conception that focal pricing typically dampens pass-through. This gap in the literature

has substantial economic consequences. For instance, the dismissal of class actions covering
6United States District Court Northern District of California In re Lithium Ion Batteries Antitrust Lit-

igation, Case No.: 13-MD-2420 YGR (2018, March).
7For example, see United States District Court Northern District of California San Jose Division In re:

Qualcomm Antitrust Litigation, Defendant Qualcomm Incorporated’s Opposition to Plaintiff’s Motion for
Class Action, Case No. 5:17-md-02773-LHK-NMC (2018, September).
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millions of claimants, and hundreds of million dollar damage claims, has a direct impact on

the claimants, who do not receive fair damages, and an indirect impact on firms, who are

more likely to engage in abusive behaviour if they are likely to avoid paying for damages.8

has enabled abusive firms to avoid paying damages to downstream consumers who paid

inflated prices. This paper provides a clear and rigorous rationale for antitrust courts not

to assume low pass-through in the presence of focal pricing, and instead to obtain empirical

estimates of pass-through from economic experts.

Under a simple but general framework, I show that focal price constraints have no impact on

expected pass-through rates. The claim is not that focal pricing cannot impact pass-through

rates; but rather that there is no general reason to expect pass-through rates to be lower in

the presence of focal pricing constraints. If we knew exactly how an industry worked, in full

detail, we might be able to say that for a specific input cost overcharge none of it was passed

through to downstream consumers, or conversely that it was passed-through at a higher than

100% rate (similarly to what Conlon and Rao (2020) do for tax incidence).9 However, it is

almost impossible for this sort of information to be available in detailed and reliable form at

the outset of a court case, even though some of this information may be obtained through a

long process of disclosure and economic analysis.

Hence, it is not safe to dismiss a court case based on the assumption that the adoption of

focal pricing entails little pass-through. Moreover, initial estimates of pass-through rates

based on pass-through in similar industries which are not characterised by focal pricing are

not biased upwards. These estimates are unbiased, as long as the industries are in fact

similar in relevant dimensions such as curvature of demand, since the Irrelevance Theorem
8Note that, if abusive upstream firms successfully argue that there was no pass-through in consumer

class actions, then that may increase the risk of them having to pay damages to downstream firms (who
would have absorbed the inflated cost in the absence of pass-through). However, for that to happen, the
downstream firms would have to start their own litigation with the upstream firms. Downstream firms may
be unwilling to enter into litigation with their input producers, especially if those producers have market
power and have already engaged in abusive practices. For instance, they may fear retribution in the form of
disruption to their input supply.

9Note that the work of Conlon and Rao (2020), while related to this paper, does not answer the question
of whether pass-through is lower on average in the presence of focal pricing constraints.
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shows that focal pricing practices themselves do not affect expected pass-through rates.

I also discuss the distribution of pass-through across different purchases. My model implies

that focal pricing generally increases the dispersion in the pass-through rate (consistent with

the empirical findings of Conlon and Rao (2020) for spirits). This is particularly relevant

in class actions for two reasons. Firstly, the class certification stage often requires demon-

strating sufficient homogeneity of the class. This involves different requirements in different

jurisdictions, but broadly covers the idea that claimants must have been injured in a suf-

ficiently similar manner, and that similar methods may be used to estimate the damages

to be awarded to different claimants. Secondly, the quantification of damages may need

to be performed separately for sub-classes which were harmed to different extents. Where

claimants purchased few, or a single, product(s), it is likely that different pass-through rates

applied to different claimants. With multiple purchases at different points in time, the av-

erage pass-through rate is a reasonable estimate of the pass-through rate that applies to all

claimants. In the former case, it may be best to estimate pass-through rates separately for

different groups of products. In the latter case, it can be legitimate to not explicitly consider

focal pricing in the economic analysis.

This paper is set out as follows. First, in section 2.1, I set out a general model to assess

the impact of focal pricing constraints on pass-through. Then, in section 2.2, I prove the

Irrelevance Theorem under a set of assumptions, which turn out to be quite general. In

section 3, I analyse different models of competition, and different curvatures of the demand

function, relating them back to the assumptions required for the Irrelevance Theorem to

hold. In section 4, I conclude with a brief discussion of my findings and their relevance to

antitrust damages class actions.
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2 A general framework to assess the impact of focal pri-

cing constraints on pass-through

2.1 The framework

Consider a firm facing constant marginal costs c and choosing prices to maximise profits.

Here, I remain agnostic about the number of firms in the market, the type of competition,

and curvature of demand. I explore specific examples in section 3. To understand how focal

pricing constraints affect pass-through, I compare pass-through rates under two scenarios:

an unconstrained optimisation problem and a constrained optimisation problem.

In the unconstrained optimisation problem, the firm has a strategy pu(c) mapping any pos-

sible cost level to an optimal price.10

Now consider the case where there are focal pricing constraints in the market. In this case,

the quantity demanded of the firm’s product will no longer depend on the charged price, but

on the corresponding focal price f. Prices within a certain interval (defined by cut-offs τ)

will be associated to a specific focal price:

f = fi ⇐⇒ τi−1 < p ≤ τi

For instance, with left-digit bias, the focal price is the actual price rounded down, while with

convenient prices the focal prices is the actual price rounded up. In the latter case,11 τi = fi

and:

f = fi ⇐⇒ fi−1 < p ≤ fi

In general, it will be optimal for the firm to charge only focal prices.12 Therefore, while in
10The concept of a latent unconstrained demand function can be thought of as representing the demand

function that consumers tend towards as frictions decrease.
11Results readily extend to rounding down, or to the nearest, focal price.
12In certain oligopolistic settings, it may be possible to have multiple equilibria, some of them involving
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the unconstrained problem the firm’s strategy mapped any specific cost c to an optimal price

pu(c), in the constrained problem the firm maps costs within certain intervals (defined by

cut-offs t) to focal prices:

pc = fi ⇐⇒ ti−1 < c ≤ ti

13

It is useful to consider for what value of costs a given focal price would be unconstrained

optimal: fi = pu(χi). Then we can define the gap between costs at which consecutive focal

prices are unconstrained optimal as: χi+1 − χi.

Let the firm’s input cost increase from c to c +∆. The pass-through rate of an increase in

marginal cost of size ∆ in the unconstrained case is:

pu(c+∆)− pu(c)

∆

The pass-through rate of the same increase in marginal cost of size ∆ in the constrained case

is:

pc(c+∆)− pc(c)

∆

The question at hand is how the unconstrained pass-through rate compares to the pass-

through rate under focal pricing constraints. I answer this question formally under the

following set of assumptions.

Assumption Set A

1. Regularity Condition for focal prices. The distance between each consecutive focal

charging non-focal prices, but we can select equilibria where focal prices are charged to match our empirical
observations.

13We can think of the cut-off rule either in terms of the unconstrained optimal prices (then we use cut-offs
τ as defined earlier), or in terms of underlying marginal cost c (then we use cut-offs t as defined here). The
latter is more natural as it allows us to think directly about the fundamentals of the problem.
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price is consistent: fi+1 − fi = G.

2. Equal Spacing condition for cost thresholds.

(a) The unconstrained pass-through rate is constant and is 1
θ
. Combined with the

Regularity Condition, this implies that the distance between costs at which con-

secutive focal prices are unconstrained optimal is constant and is:14

χi+1 − χi = θG ∀i

A value of θ = 1 corresponds to complete pass-through of 100%, θ > 1 to incom-

plete pass-through, and θ < 1 to pass-through above 100%.

(b) The distance between consecutive cost thresholds is also constant, and equal to

the distance between costs at which consecutive focal prices are unconstrained

optimal:

ti+1 − ti = χi+1 − χi = θG ∀i

3. Uniformity Condition. If we observe a firm charging the focal price fi we can infer

that c ∼ U (ti, ti+1).

Discussion of Assumption Set A

The Regularity Condition is likely to cover the vast majority of real-life cases which, as

discussed above, involve consistently rounding to prices ending in specific digits. Regular

spacing of focal prices is a convenient modelling assumption, but it is not central to the

Irrelevance Theorem. It is possible to obtain an approximate version of the theoren while

relaxing this assumption, and jointly relaxing the Equal Spacing condition to require that

the (variable) gaps between cost thresholds are approximately the same as the (variable)

gaps between costs at which consecutive price thresholds are unconstrained optimal.
14By the definition of χi, we can write the pass-through rate of an input cost increase from χi to χi+1 as:

fi+1−fi
χi+1−χi

= G
χi+1−χi

= 1
θ
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The Equal Spacing Condition is key for the Irrelevance Theorem to hold exactly. Part

(a) of the assumption is a frequently made simplifying assumption that (unconstrained)

pass-through rates are constant. Part (b) of the assumption merits more careful consid-

eration. As discussed in section 3, this assumption holds under a variety of standard IO

models. For instance, it holds for monopolistic, perfect, and differentiated Bertrand compet-

ition with linear demand. Under perfect competition, the Equal Spacing assumption holds

with any demand function. In the monopolistic case the assumption holds (i) exactly for

demand functions other than linear demand, including the logarithmic demand function,

and (ii) approximately for any curvature of demand (including demand functions for which

the unconstrained pass-through rate is not constant over the cost interval). In general, the

Equal Spacing Condition will hold at least approximately, and hence so will the Irrelevance

Theorem.

The Uniformity Condition is necessary for the Irrelevance Theorem to hold – if it does

not then the result needn’t hold even approximately. By definition, if we observe a firm

charging the focal price fi we know that ti < c < ti+1. Moreover, in general we do not have

sufficiently detailed and reliable information (prior to detailed empirical investigation) where

the marginal cost is located within this interval, which is relevant to whether focal pricing

constraints will lead to reduced pass-through, or increased pass-through. We formalise this

uncertainty as a uniform distribution over the interval.

The Uniformity Condition is likely to hold under any realistic context where the Irrelevance

Theorem may be usefully deployed, i.e. in situations where we have limited information

about the context of interest. Consider the example of an antitrust damages class action.

The claimants are end-consumers of a product which was made with an input which was

sold at an inflated price by abusive upstream firms to downstream firms. The claimants,

and the defendants, do not possess detailed information about the cost structure and pricing

strategy in the relevant downstream firms. Moreover, the downstream firms generally have

no incentive to voluntarily disclose this sensitive information unless a court requires them to
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do so. Since they are not the ones accused of wrong-doing, obtaining disclosure is particularly

hard. It is possible in some cases to request disclosure of certain documents, but it can be

a lengthy and challenging process, including difficulties such as the redaction of sensitive

information which can be crucial to obtaining a full picture. Even after obtaining access to

documents, these are typically so numerous and lengthy that it is very resource-intensive to

obtain a clear picture of firm strategy from their documents. It might also be possible to

interview people who work in the sector, but it can be challenging. This is partly because

the abusive firm(s) are likely to command substantial influence in the sector, so that it is

challenging to find reputable sources willing to go against them in court.15

Hence, prior to detailed analysis (which is warranted by the Irrelevance Theorem) it is

reasonable to assume the Uniformity Condition (which allows us to prove the Irrelevance

Theorem). Once we have conducted that detailed empirical analysis then we will know,

specifically for that case, both whether (i) costs were close to thresholds, and (ii) focal

pricing increased, decreased, or did not affect pass-through.

The Uniformity Condition may not hold if firms can easily adjust non-price characteristics

(such as quality, pack-size, components included in a bundle..). Then we might expect that

firms would adjust their marginal cost, by adjusting these other characteristics, so that the

focal price being charged is as close to unconstrained optimal as possible. But then the

reason to suspect focal pricing may dampen pass-through is moot: holistic pricing, taking

into account non-price characteristics, is (almost) unconstrained, so that we would expect

the holistic pass-through, capturing characteristic-adjusted prices, to be the same regardless

of the presence of focal pricing.

The Uniformity Condition may also not hold is if we have reason to believe that focal prices

are not due to the constraints covered in this paper, but to other phenomena, such as fo-
15Even with full disclosure, we are very unlikely to be able to obtain reliable information on the full

contingent pricing strategy of a firm, as it may well not exist in written form, or be subject to frequent
discussion and alteration. Therefore, we are unlikely to know where the marginal cost was located relative
to cost thresholds prior to the alleged overcharge.
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cal pricing as a tacit collusive strategy. In this case, costs will be located in relation to

thresholds in a profit-maximising manner. This scenario is challenging to analyse because it

is best conceptualised in a dynamic oligopolistic setting, with the ensuing multiplicity of equi-

libria. Moreover, the author is not aware of clear empirical evidence that this phenomenon

is practically relevant, while there is substantial evidence that the phenomena discussed in

this paper are widespread in real markets.

2.2 The Irrelevance Theorem

Irrelevance Theorem Under Assumption Set A, the expected pass-through rate is the

same in the unconstrained setting, and in the setting with focal pricing constraints.

Proof First consider the unconstrained case. By part (a) of the Equal Spacing Condition,

the pass-through is rate is 1
θ
. Hence, an increase in the firm’s input cost from c to c + ∆

increases the charged price by:

pu(c+ x)− pu(c) =
∆

θ

Now consider the constrained problem. By the Equal Spacing assumption, the price charged

will jump by ⌊ ∆
θG

⌋ focal prices with certainty where ⌊⌋ is the floor operator. If the change in

input cost is weakly greater than the gap between cost thresholds, ∆ ≥ θG, then the charged

price is sure to increase. By the Regularity Assumption, each of these jumps entails a price

change of G. Therefore, the charged price will increase by ⌊ ∆
θG

⌋G with certainty. Where

∆ < θG, we do not have certainty about any price jumps.

Additionally, by the Uniformity Assumption and Equal Spacing Assumption, there is a

∆modθG
θG

probability of a further jump in focal price (where mod is the modulo function).

By the Regularity Assumption, this further jump, if it occurs, would lead to an additional

increase of G in the charged price.
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In expectation, the input price increase therefore leads to the following change in the con-

strained optimal price charged:

E [pc(c+∆)− pc(c)] = ⌊ ∆

θG
⌋G+

∆modθG

θG
G = G(⌊ ∆

θG
⌋+ ∆modθG

θG
)

By definition of the modulo and floor operators:

E [pc(c+∆)− pc(c)] = G
∆

θG
=

∆

θ
= pu(c+ x)− pu(c)

The expected pass-through rate is 1
θ

regardless of the presence of focal pricing constraints.

QED.

For example, if focal prices are spaced at $10 intervals, the unconstrained pass-through rate

is 100%, the gap between cost thresholds is $10, and there is a $12 increase in the price of

an input then:

• The constrained price will certainly increase by at least $10, because at least one cost

threshold will be crossed regardless of the starting point relative to the thresholds.

• With probability 1
5
, two thresholds are crossed, so there is a $20 increase in the con-

strained price.

• With probability 4
5
, only one threshold is crossed, so there is a $10 increase in the

constrained price.

• Hence, the expected constrained price increase is $12. The expected constrained pass-

through rate is 100%, which is the same as the unconstrained pass-through rate.

2.3 The distribution of pass-through

In general, the presence of focal pricing increases the dispersion of pass-through. Consider

an industry where, in the absence of focal pricing constraints, all firms have a pass-through

14



rate of 1
θ
. Then the price change associated to a cost increase of size ∆ is always ∆

θ
, and

there is 0 variance in pass-through.

The introduction of focal pricing constraints increases the dispersion in pass-through rates.

Let

iθG < ∆ < (i+ 1)θG

where i is a weakly positive integer. Then the impact on the price of a specific product

at a specific time is iG with probability 1 − ∆modθG
θG

and (i + 1)G with probability ∆modθG
θG

.

Therefore, in the presence of focal pricing constraints, pass-through may be higher or lower

than in the unconstrained problem. The probability with which it is higher (or lower) depends

on the size of the cost change relative to the gap between cost thresholds. For instance, if

the cost change is much smaller than the gap between focal prices, it will result in no pass-

through with higher probability, and extremely high pass-through with lower probability.

The variance is now:

E
[
(pc(c+∆)− pc(c))2

]
− E [pc(c+∆)− pc(c)]2

=

(
1− ∆modθG

θG

)
(nG)2 +

∆modθG

θG
((n+ 1)G)2 −

(
∆

θ

)2

By Jensen’s inequality, the variance is weakly positive under focal pricing constraints, and

hence higher than in the unconstrained case.

In the context of a class action, where each member of the class purchased a single product,

focal pricing constraints may lead to substantial heterogeneity in the pass-through rates

which apply to each claimant,16 so that it may be best to estimate pass-through rates specific

to sub-classes. Where each member purchased multiple products, at different times, by the

law of large numbers, we might expect the average pass-through rate experienced by each
16Other input costs change over time, so even in a fully symmetric industry there may be heterogeneity

in pass-through due to other costs impacting the degree of pass-through of the overcharge ∆.
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claimant to be similar to the expected pass-through rate. In this case, it may be sensible to

estimate the pass-through rate as one would in the absence of focal pricing constraints, and

consider a single number to be an appropriate estimate for all claimants.

3 Examples of specific models

In this section, I show that the Equal Spacing assumption holds in a variety of standard

models, and hence that the Irrelevance Theorem is widely applicable. Given this paper’s

focus on pricing constraints, it is more natural to consider firms as price-setting, rather

than quantity-setting. The rest of this discussion is therefore grounded in models of price

competition.

In turns, I consider three standard competitive frameworks: monopolistic competition, per-

fect competition, and differentiated Bertrand competition. In the context of monopolistic

competition and perfect competition, I also discuss the impact of different curvatures of de-

mand. Throughout this discussion, I maintain a number of basic assumptions. In particular,

I focus on static models, in which all firms face the same constant marginal cost c (so when

there is a change in that cost, it is faced by all firms). In section 3.4 I briefly discuss what

may happen when relaxing these assumptions.

3.1 Monopolistic competition

3.1.1 Linear demand

I start by considering the simplest possible model, with a single monopolist selling a single

good, facing a linear demand function and marginal cost c. The monopolist can only change

the price of the good, not any non-price characteristics. As discussed earlier, when firms

can alter non-price characteristics, focal pricing constraints are likely to affect pass-through

rates, so that I am focusing on the most clear case where focal pricing could matter to
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pass-through.

The monopolist’s optimisation problem is:

max (α− βp) (p− c) α, β > 0

The optimal price is pu = α
2β

+ c
2

and we obtain the standard result of 50% pass-through

under monopolistic competition. In this case, the profit function is symmetric around the

optimal price, so that:

(α− β (pu + x)) ((pu + x)− c) = (α− β (pu − x)) ((pu − x)− c)

Inverting the unconstrained optimal price we find that the cost associated to a certain un-

constrained optimal price is:

c =
2βpu − α

β

Therefore, the cost for which a focal price is unconstrained optimal is

χi =
2βfi − α

β

Using the fact that focal prices are regularly spaced out at intervals G (the Regularity

Condition), we substitute in fi = G ∗ i to obtain:

χi =
2β (G ∗ i)− α

β

Therefore, the gap between costs for which two consecutive focal prices are unconstrained

optimal is:

χi+1 − χi =
2β (G ∗ (i+ 1))− α− 2β (G ∗ i) + α

β
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χi+1 − χi = 2G

Now consider that the monopolistic faces focal pricing constraints:17

f = fi ⇐⇒ fi−1 < p ≤ fi

Then the monopolist’s constrained problem is:

max (α− βfi) (p− c) α, β > 0

The profit maximising price in this constrained problem must be a focal price, because for

any other price it would be possible to increase the price up to the next focal price without

decreasing demand. Moreover, because of the symmetry of the profit function around the

optimal unconstrained price, it is always constrained optimal for the monopolist to charge

the focal price nearest to the optimal unconstrained price.

To find the cost thresholds at which the monopolist switches from one focal price to another,

we consider the following indifference condition: π(fi, ti) = π(fi+1, ti), which can be written

as:

(α− βfi) (fi − ti) = (α− βfi+1) (fi+1 − ti)

Using the fact that focal prices are regularly spaced out at intervals G, we substitute in

fi = G ∗ i, and rearrange to obtain:

ti =
α + β (G ∗ i) + β (G ∗ (i+ 1))

β

So the gap between two consecutive thresholds is:
17Results readily extend to rounding down, or to the nearest, focal price.
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ti+1 − ti =
α + β (G ∗ (i+ 1)) + β (G ∗ (i+ 2))− α− β (G ∗ i)− β (G ∗ (i+ 1))

β

Simplifying, ti+1 − ti = 2G

This is the same gap as the gap between costs for which consecutive focal prices are un-

constrained optimal, so the Equal Spacing Condition holds. Because there is a 2G gap

between cost thresholds for focal prices that are G apart, pass-through is 50%, as it was in

the unconstrained case. The Irrelevance Theorem holds.

3.1.2 Non-linear demand

In practice, demand may well not be linear, and the degree of curvature of demand is an

important determinant of the rate of pass-through of cost changes, as discussed by Bulow and

Pfleiderer (1983).18 In the monopolistic case, the Equal Spacing assumption holds exactly

under broader demand functions than linear demand,19 for instance with the logarithmic

demand function

p = α− β ln q α, β > 0, 0 < q < eα/β

In this case, the unconstrained monopolist chooses pu = c+β, so there is a constant mark-up,

and ‘complete’ pass-through of 100%. The monopolist constrained by focal prices (spaced out

at regular intervals G) chooses which focal price to charge based on a cut-off rule. As shown

in appendix 5, these cut-offs are evenly spaced at the same regular intervals G. Since the

gap between costs at which consecutive focal prices are unconstrained optimal is also G, the

Equal Spacing assumption holds. In the presence of focal pricing constraints, pass-through

remains 100%.

With other demand functions, we could have two sources of failure of the Equal Spacing
18There are other important determinants, such as returns to scale, which are left for future work to

consider.
19It is left to future work to determine whether there is a specific class of demand functions for which this

is the case.
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assumption. The first is non-constant pass-through rates. Then the requirement that the

gaps between cost thresholds is constant will not hold. This is not a fundamental issue for the

Irrelevance Theorem, as long as the (variable) gaps between thresholds are approximately

the same as the (variable) gaps between costs at which consecutive price thresholds are

unconstrained optimal. If this is the case, then we can adjust the proof of the Irrelevance

Theorem to account for non-constant pass-through, and will obtain that focal pricing leaves

local pass-through approximately unchanged.

Even where unconstrained pass-through rates are constant, as in the case for the class of

demand functions discussed in Bulow and Pfleiderer (1983), for some curvatures of demand,

the Irrelevance Theorem will hold approximately, rather than exactly. This will happen if

the Equal Spacing condition does not hold locally everywhere, in which case we can see

that it will hold as a global approximation. The key intuition here is the following. It is

possible, locally, for cost thresholds to be more closely (or widely) spaced out than the costs

at which focal prices are unconstrained optimal. Then, locally, focal pricing reduces or in-

creases pass-through because we cannot perform the cancelling out operation that leads us

to the Irrelevance Theorem. However, it cannot consistently be the case for cost thresholds

to be non-negligibly more closely (or widely) spaced out than the costs at which focal prices

are unconstrained optimal. This is because the cost at which a specific focal price is un-

constrained optimal must be in the interval between the cost thresholds where this specific

focal price is charged in the constrained problem: ti−1 ≤ χi ≤ ti. If we had consistently

non-negligibly narrower (or wider) gaps between cost thresholds ti+1 − ti than between the

costs at which focal prices are unconstrained optimal χi+1−χi, then at some point we would

find that a cost at which a specific focal price is unconstrained optimal is in fact outside of

the interval when that focal price is charged in the constrained problem:

ti−1 ≥ χi or χi ≥ ti
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This is a contradiction. Hence, focal pricing may increase (or lower) expected pass-through

over specific segments of the cost interval. However, these effects are local, and are typically

balanced out by opposite effects on other segments of the cost interval.20 Therefore, without

very detailed information about the industry, of a variety which is very unlikely to be readily

available (even subject to court disclosure), we cannot know a priori whether we are in a

cost segment where the presence of focal pricing locally increases or decreases expected pass-

through. Moreover, we know that, globally, expected pass-through will be approximately

unaffected by the presence of focal pricing. Therefore, the Irrelevance Theorem may be

considered to be approximately true regardless of the curvature of demand, in a monopolistic

setting.

3.2 Perfect competition

Consider a market characterised by perfect competition, or undifferentiated Bertrand com-

petition. The aggregate demand function Q can take any form, and depends only on the

lowest price offered by any firm j in the market minj{pj}. There are N firms in the market,

and the demand function faced by a specific firm n takes the following form:

qn =


Q∑

j I(pj=pn)
∀j pn ≤ pj

0 ∃j ̸= n pn > pj

All firms face the same marginal cost c. The unique equilibrium involves all firms charging

p = c, and hence each firm facing demand qn = Q
N

, and making zero profits. In this context,

there is complete pass-through of input cost changes. Therefore, a ∆ overcharge will result
20I note that it is possible for pass-through to be mildly higher (or lower) in the presence of focal pricing over

some of the region, without being cancelled out by the opposite effect, as long as pass-through is almost the
same as without focal pricing. For instance, it is possible to construct examples with the constant elasticity
demand curve where pass-through with focal pricing constraints is slightly lower than in the unconstrained
problem for low value of input costs, and tends towards the same pass-through rate as costs increase. In
this case, expected pass-through is only very slightly reduced, so that the Irrelevance Theorem can be said
to hold approximately.
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in a ∆ increase in prices.

We now introduce focal pricing constraints for the firms: fn = fi fi−1 < pn ≤ fi. Now

demand takes the form:

qn =


Q∑

j I(fj=fn)
∀j fn ≤ fj

0 ∃j ̸= n fn > fj

Once again there is a unique equilibrium, and each firm faces demand qn = Q
N

, but now

all firms charge p = fc where fc is the marginal cost c rounded up to the next focal

price.21 Therefore, all firms now make weakly positive profit. We can easily see that the cost

thresholds at which firms adjust prices are identical to the focal prices themselves. Similarly,

we know that the costs for which focal prices are unconstrained optimal are also identical

to the focal prices themselves. Therefore, the Equal Spacing condition holds under perfect

competition, for any demand function. In this context, the expected pass-through rate is

still 100% even when we introduce focal pricing constraints.

3.3 Differentiated price competition

Having discussed the two extreme cases of monopoly and perfect competition (which are

also informative about collusion and undifferentiated price competition) I now turn to an

intermediate case: differentiated price competition.

With continuous pricing, it can be shown under general conditions that there exists a unique

equilibrium for differentiated price competition (see Mizuno (2003)). This result no longer

holds with discrete pricing, and in general there is a multiplicity of equilibria. With inde-

terminacy of equilibria it is harder to draw conclusions about the impact of focal pricing,

since it is conceptually possible for it to lead to higher or lower pass-through. Here, I focus
21There is no profitable deviation to a lower focal price because it would entail negative profits, nor any

lower non-focal price because it would entail the same firm-specific demand, but at a lower price. There is
also no profitable deviation to a higher price because it would entail zero firm-specific demand.
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on a standard setting, and propose a simple equilibrium strategy for firms facing focal pricing

constraints. I show that in this case the Equal Spacing assumption holds.

Consider a market with N firms producing a differentiated product, and simultaneously

competing on prices in a one-shot game. Demand for firm n’s product satisfies standard

conditions for differentiated price competition (see Mizuno (2003)). Here, we take it to be:

qn =


Q− pn + ¯p−n Q > pn − ¯p−n

0 Q ≤ pn − ¯p−n

where ¯p−n is the average price set by other firms in the market, and Q is some positive

constant. Take the symmetric input case, in which all firms face the same marginal cost

cj = c, ∀j and are all exposed to the same changes in input costs (including the one of

interest).

In the unconstrained case, the profit function for firm n is πn = (pn − c) (Q− pn + ¯p−n).

Best responses are linear and symmetric, and there is a unique symmetric equilibrium where

all firms charge pn = p = Q + c, ∀n. Therefore, this industry is characterised by 100%

pass-through, i.e. a ∆ increase in the input cost faced by all firms will result in a ∆ increase

in the price charged by all firms.

With focal pricing, the demand function can be written as:

qn =


Q− fn + ¯f−n Q > fn + ¯f−n

0 Q ≤ fn + ¯f−n

where fn is pn rounded up to the next focal price, and ¯f−n =
∑

j ̸=n fj

N−1
.

Let there be a focal price point at Q, which we refer to as the low price pL, a medium focal

price at pM = Q + G, and a high focal price at pH = Q + 2G (I focus on this interval, but

the logic generalises to the whole interval of possible prices). The low price is unconstrained

optimal when c = 0, the medium price is unconstrained optimal when c = G, and the high
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price is unconstrained optimal when c = 2G. Therefore, the spacing between costs at which

consecutive focal prices are unconstrained optimal is G.

Under the constrained demand function, the conditions for uniqueness of equilibrium no

longer hold. Focusing just on symmetric equilibria, we can divide the support of the marginal

cost into segments for each of which there are two possible symmetric equilibria:

1. For 0 ≤ c ≤ G there is an all-low-price equilibrium, and an all-medium-price equilib-

rium.

2. For G ≤ c ≤ 2G there is an all-medium-price equilibrium, and an all-high-price equi-

librium.

Consider an equilibrium where each firm’s strategy is to charge medium prices if 0 ≤ c ≤ G

and high prices if G ≤ c ≤ 2G. Hence the spacing between cost thresholds is G, which

is the same as the spacing between the gaps between the costs at which focal prices are

unconstrained optimal. Hence, the Equal Spacing assumption holds.

If, prior to the cost increase, the industry was characterised by medium prices, meaning that

marginal costs were in the range 0 ≤ c ≤ G. Then if costs increase by ∆, there is a ∆
G

chance

of costs increasing to the range G ≤ c ≤ 2G, in which case all firms charge high prices. The

expected change in prices is therefore ∆
G
G = ∆, i.e. the industry is still characterised by

100% pass-through, as it was in the absence of focal pricing. The Irrelevance Theorem holds.

The same logic holds in the alternative equilibrium where firms charge low prices if 0 ≤ c ≤ G

and medium prices if G ≤ c ≤ 2G. As discussed in section 3.4, when we consider the

broader interval, the Irrelevance Theorem still holds as a global approximation in equilibria

where medium prices are charged over the whole interval, or where firms charge low prices

if 0 ≤ c ≤ G and high prices if G ≤ c ≤ 2G.
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3.4 Other models

There are a multiplicity of modelling assumptions that influence pass-through, and its rela-

tion to focal pricing. These include the number of firms, whether they compete in a one-shot

game or repeatedly, whether there are asymmetries between firms, the degree of product

heterogeneity, what characteristics of the product can be chosen by the firm (price, quantity,

quality...), etc. Therefore, it is hard to rule out the possibility that there exist models where

the Equal Spacing assumption does not apply, and hence focal pricing reduces, or increases

pass-through in expectation. However, it is challenging to find examples where this is the

case. For instance, consider relaxing the assumption of symmetric costs in the context of

undifferentiated price competition. In this case, with focal pricing constraints, if the increase

in input costs was sustained only by a subset of firms, then the affected firms would be forced

to exit the market. There would be no direct impact on prices,22 and hence zero direct price

pass-through. However, this is exactly what would happen in the unconstrained setting too,

so that the pass-through rate is 0% regardless of the presence of focal pricing constraints.

Even in models with multiplicity of equilibria it is hard to see how the Irrelevance Theorem

could not hold at least as a global approximation. For instance, consider the differentiated

price competition setting discussed above. Consider an alternative equilibrium, where each

firm’s strategy is to charge low prices if 0 ≤ c ≤ G and high prices if G ≤ c ≤ 2G.

Then the expected pass-through with focal pricing is is twice as large as unconstrained

pass-through. However, note that we could also construct the opposite example, where

firms are in the medium price equilibrium for the whole set of possible costs, and hence

there is no pass-through. Similarly to the discussion of different curvatures of demand in

section 3.1.2, locally higher (or lower) pass-through rates will in general be ‘cancelled out’

by other locally lower (or higher) pass-through rates; or at least it cannot be the case

that focal pricing systematically increases or decreases pass-through along the cost interval.
22It is worth noting that the exit of a subset of firms might lead to a large indirect impact on prices

through increased market concentration and higher chance of collusion.
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Therefore, the Irrelevance Theorem still holds as a global approximation when we do not

possess detailed knowledge about whether we are in a segment where focal pricing locally

increases or decreases pass-through rates. Continuing the differentiated Bertrand example,

if we extended our analysis to further along the cost interval, if we were in an all-medium

equilibrium at G ≤ c ≤ 2G, that would not be feasible for 2G ≤ c ≤ 3G, where there must

be either an all-high equilibrium or an equilibrium with the next focal price up: it is not

sustainable for there to not be pass-through along more than a local segment of the cost

interval.

The conceptual indeterminacy of the impact of focal pricing on pass-through, combined

with the fact that the Irrelevance Theorem holds exactly in many standard settings, and

approximately in many others, provides a clear rationale for conducting context-specific

empirical analysis to estimate pass-through, rather than assuming that the presence of focal

pricing will lead to little, or no, pass-through.

4 Discussion

In the context of antitrust damages class actions, the Irrelevance Theorem provides a strong

rationale not to accept arguments that cases should be dismissed because there will be low,

or zero, pass-through with focal pricing constraints. However, we should take seriously the

possibility that focal pricing may increase heterogeneity in the distribution of pass-through.

Depending on the specifics of the contexts, this might mean that the majority of the class

has suffered no harm, while a minority has suffered substantial harm. In other cases, all

class members suffered damages, perhaps to similar, or perhaps to different, degrees. It is

also possible that all class members suffered very large damages, or that no class members

suffered any damages at all. In the, unusual, case of all consumer having purchased the same

product at the same time, and overcharge being very small relative to the gaps between focal

prices, it is likely that there was no pass-through. However, there is also a non-negligible
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possibility that there was pass-through, and that it was very high.

In some jurisdictions, the increased heterogeneity in the distribution of pass-through intro-

duced by focal pricing may be perceived as a challenge to the homogeneity requirement that

class members should all have suffered damages in a similar way. However, it is not clear why

heterogeneity in damages arising from focal pricing should be treated any differently from

heterogeneity arising from class members having purchased slightly different products at dif-

ferent times, as is standardly the case in class actions. In these cases too, class members may

well have suffered from different damages to begin with, and then accumulated differential

interest on damages over time. It also seems remarkable that abusive firms can avoid paying

damages to consumers simply because those consumers were affected to different degrees by

the anti-competitive behaviour. From an economic viewpoint, the way to address this issue

is to perform more granular analysis, and obtain estimates of damages specific to members of

different sub-classes. Where this kind of detailed expert analysis is considered too expensive

by the court, using average estimates for the whole class seems like a more sensible approach

than dismissing the case as a whole.
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5 A monopolist facing a logarithmic demand function

A monopolist faces the following demand function:

p = α− β ln q α, β > 0, 0 < q < eα/β

With constant marginal cost c, the result of unconstrained optimisation is pu = c + β, i.e.

this market is characterised by a constant mark-up β and ‘complete’ pass-through of input

costs.

Now consider he same monopolist, constrained by focal pricing. Focal price fi is charged if

ti−1 < c ≤ ti. The thresholds are found as the points of indifference for the monopolist, i.e.

π(fi, ti) = π(fi+1, ti).
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Inverting the demand function, we can write

π(fi, ti) = (fi − ti) e
α−fi

β

We find the threshold ti as

(fi − ti) e
α−fi

β = (fi+1 − ti) e
α−fi+1

β

Using the fact that focal prices are regularly spaced out at intervals G, we substitute in

fi = G ∗ i:

(G ∗ i− ti) e
α−G∗i

β = (G ∗ (i+ 1)− ti) e
α−G∗(i+1)

β

(G ∗ i− ti) = (G ∗ (i+ 1)− ti) e
−G
β

ti

(
e

−G
β − 1

)
= G

(
(i+ 1)e

−G
β − i

)

ti = G
(i+ 1)e

−G
β − i

e
−G
β − 1

Hence the interval between any two consecutive cost thresholds is:

ti−1 − ti = G
(i+ 2)e

−G
β − i− 1

e
−G
β − 1

−G
(i+ 1)e

−G
β − i

e
−G
β − 1

Simplifying, we obtain: ti−1 − ti = G. Hence, thresholds are regularly spaced at the same

interval as focal prices, and the Irrelevance Theorem holds.

30


	IFS WP Cover NEW.pdf
	IFS WP Cover.pdf
	WP202028-A-second-chance-Labor-market-returns-to-adult-education-using-school-reforms
	WP202027-Potential-consequences-of-post-Brexit-trade-barriers-for-earnings-inequality-in-the-UK
	WP201902-Survival-pessimism-and-the-demand-for-annuities
	WP front cover
	odeaSturrockRestatResubmission.pdf
	Introduction
	Data
	Evaluating the content of subjective reports

	Assessing the accuracy of subjective expectations of survival
	Comparing reports to actual mortality data
	Constructing subjective survival curves

	Subjective survival expectations and annuitization
	Model
	Results

	Conclusion
	Details of further analysis and tests from Section 2
	Analysis of ``50%" answers
	Correlation of subjective reports with risk factors, new information, subsequent mortality and holdings of life insurance

	Robustness of results from Section 4.2 
	Robustness of main results to using ONS life tables without rescaling
	Definition of model including utility from housing consumption
	Further robustness of main results

	Computational Appendix
	Recursive Form of the Model
	Periods after annuitization decision has been made
	Initial Period

	Computational Implementation




	returning_to_education_2020_8_DP.pdf
	Introduction
	Norwegian Register Data and Education in Norway
	Norwegian Register Data
	The Norwegian Education System

	Descriptive Evidence on Returning to Education and Lifetime Earnings 
	Who returns to education and at what ages?
	What qualifications do individuals return to?
	Years of Education and University Education

	Describing the Lifetime Earnings of Those Who Return to Education
	Final Year of Upper Secondary Education
	Late Completion of Higher Education


	Returning to education and labor market outcomes 
	Defining the counterfactual
	Empirical Specification
	Defining the sample
	Accounting for comparability of different birth cohorts
	Controlling for differences in local economic conditions

	The Estimated Impact of Educational Reforms on Education and Labor Market Outcomes
	Reducing the Gender Earnings Gap

	The Channels From Later Life Education to Labor Market Outcomes
	The impact on later life education, earnings and employment
	Distribution of Occupations in +14
	The Estimated Impact of Educational Reforms on Fertility
	The impact of returning to education on women’s earnings and employment
	Employment Impacts by Pre-Reform Labor Market Attachment
	Employment Impacts by Pre-Reform Number of Children


	Heterogeneity and Robustness of Results
	Completion of post-secondary education
	Heterogeneity in Returning to Education
	Reduced-Form Impacts on Labor Market Outcomes for Men
	Robustness to Varying 
	Comparing to Older Base Ages

	Conclusion 
	Summary Statistics By Gender and Age Completed High School
	Adolescent Fertility Across OECD Founding Member States & Finland
	Returning to University Education
	Describing Lifetime Earnings - Academic/Vocational and by Gender
	Academic
	Vocational

	Distribution of Labor Earnings
	Estimated Propensity Scores
	Baseline Results for Men—Education
	The cumulative effect on earnings
	The Correlation Between Employment and Children
	Completion of Higher Education
	Occupations
	Importance of Additional Factors
	Baseline Results for Men—Labor Market Outcomes
	Robustness
	Varying Delta
	Using Older Birth Cohorts



	LndnLockdown_260820.pdf
	Introduction
	Timing of Lockdown
	Domestic Violence Crimes Recorded by the London MPS
	Empirical Model and Findings

	Using Google Search Data
	A Framework
	Help-Seeking Behavior Across Regimes
	Relating Internet Searches to Police Reports
	Data and Algorithm

	Findings
	Robustness

	Conclusions
	MPS Domestic Violence Crime Data
	Weather Data



	Menopause_20March2025_PR.pdf
	1 Introduction
	2 Institutional Background and Treatment Recommendations
	3 Data and Empirical Strategy
	4 Results
	5 The Impact of Menopause-Related Care on Labor Market Outcomes
	6 Concluding Remarks
	7 Figures and Tables
	A Additional Figures and Tables
	B Construction of Diagnoses and Medication Outcome Variables


	Focal Pricing Pass Through.pdf
	Introduction
	A general framework to assess the impact of focal pricing constraints on pass-through
	The framework 
	The Irrelevance Theorem
	The distribution of pass-through

	Examples of specific models
	Monopolistic competition
	Linear demand
	Non-linear demand

	Perfect competition
	Differentiated price competition
	Other models 

	Discussion
	A monopolist facing a logarithmic demand function




