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Multidimensional information and firm strategies

Malin Arve,* Heiko Karle† and Markus Reisinger‡

Abstract

In this paper we study how firms consider the multi-dimensionality of information when

choosing their communication strategy. We study firm strategies for reacting to consumer-

and profit-relevant information in several dimensions. We show that there is a trade-off

between adapting the firm strategy to the information that is likely to be the most profitable

and differentiating to reduce competitive pressure. The interplay between these forces can

lead to both firms advertising in the same dimension, if competition is not particularly

fierce, or one firm choosing the dimension that is not the most profitable one, or send-

ing a general message, to strategically escape competition. In the latter case – i.e., when

firms only react partially to the received information – doubling of information is avoided,

which implies that the consumer receives messages that are of interest to her with a higher

probability. However, she does not benefit from competition in the market.
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1 Introduction

In today’s digital world, firms have access to an abundance of information about both the market

and consumers. But a lot of information can also lead to information overload. In addition,

different pieces of information may have different managerial or strategic implications for the

firm. In this paper, we explore the implications of firms having access to what we term as

multidimensional information, i.e., information that contains several independent sub-elements

that could be more or less valuable for the firm. We study how firms’ react to such information

in equilibrium.

An example of such multidimensional information is when a consumer searches for a par-

ticular book in an online bookstore or platform. The search might be for a particular book by a

particular author. Beyond showing its offer for this particular book, the consumer search gives

the store or platform information about the tastes of that particular consumer. However, the

information is multidimensional. From the search it is unclear whether the consumer is mainly

interested in the particular author of the book she searched for, or whether she is interested in

the (sub-)genre that this book belongs to. There is of course some overlap between these di-

mensions. However, the platform needs to make a choice regarding which other items it should

advertise or highlight to the consumer. If the book happens to be about the history of football in

Europe, it is even less clear whether the consumer is interested in football, sports more gener-

ally, or even the evolution of leisure activities, in Europe or more generally. By advertising the

right alternatives, the firm can increase its sales, reputation and profitability. The wrong choice

could have a negative effect on the firm’s performance and reputation.

For online news-sites, this is also relevant. What part of an initial news article is the reader

drawn to? Is it the topic (politics, sports) or type of article (short news update, opinion piece, or

in-depth analysis)? Or the different pieces of information could simply relate to the readerships’

general political preferences. In this setting, we study how firms should optimally react to such

information and whether this could contribute to more media bias, polarization and diversity. An
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aim in this setting is to understand whether this could help explain the common belief that there

is a bias in news reporting (see e.g., Mullainathan and Shleifer, 2005, Baron, 2006, Gentzkow

and Shapiro, 2006).

The novelty of this paper is to explicitly take into account the multi-dimensionality of in-

formation. Instead of assuming that firms receive signals about what is the (one-dimensional)

relevant state of the world (Baron, 2006), we assume that the firms receive (certain) information

about the true state of the world in each dimension, but there is uncertainty related to which

dimension is most relevant. Furthermore, we also allow firms not to react to the information

and keep the status quo/neutrality.

For this purpose, we consider a simple model with two firms that can send advertising

messages to potential consumers. Before doing so, the firms receive information about the

consumer’s interests. However, this information is two-dimensional, whereby a consumer’s

true interest lies only in one of the two dimensions, and firms do not know with certainty which

dimension that is. The firms must then choose whether to react to this information or not, and if

yes, how. In particular, a firm can send an advertising message to the consumer in the dimension

that is more likely to be of interest to the consumer, the other dimension, which is the less

likely one, or just send a general message. If both firms send messages to the consumer in the

same dimension, they are in competition to each other, which lowers their payoffs. Instead, if

firms send messages in different dimensions, the firm who’s message has caught the consumer’s

interest, receives the monopoly profit.

The main trade-off a firm experiences is as follows: When sending a message in the dimen-

sion that is more likely to be the one that interests the consumer, it obtains a positive payoff

with greater probability. However, if the other firm also chooses this dimension, competition

gets fiercer, which dampens the firm’s payoff. The interplay between these two effects can

therefore lead to both firms advertising in the same dimension, if competition is not particu-

larly fierce, or one firm choosing the less likely dimension, or sending a general message, to

2
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strategically escape competition. In the latter case—i.e., when firms only react partially to the

received information—doubling of information is avoided, which implies that the consumer

receives messages that are of interest to her with a higher probability. However, she does not

benefit from competition in the market.

We provide a characterization of the different equilibrium regions. Interestingly, we show

that the range in which one firm reacts to information and sends a message in the dimension

that it most likely of interest to the consumer, whereas the other firm only sends a general

message, arises even if competition between firms is only weak. The reason is that the profit

from a general message can be relatively high, which implies that a firm may choose this way

to strategically differentiate from the rival.

The rest of the paper is organized as follows: Section 2 relates our paper to existing liter-

ature. Section 3 sets out the model, and Section 4 presents the analysis and results. Finally,

Section 5 gives a short discussion and concludes.

2 Literature review

Our paper is related to several strands of literature. The first one is the literature on how firms de-

cide which consumers to target. This literature has found that targeting certain consumer groups

is beneficial to firms for several reasons. Concentrating advertising effort on consumers that are

most receptive to it increases the probability that the ad is successful and may also reduce a

firm’s total advertising expenditure (see e.g., Roy, 2000; Esteban, Gil and Hernandez, 2001;

Iyer, Soberman and Villas-Boas, 2005; Gal-Or et al., 2006; Galeotti and Moraga-Gonzalez,

2008; Chandra, 2009). However, targeted advertising can also lead to more fierce price compe-

tition on online portals or price search engines when consumers search more intensively after

receiving more precise ads, see de Cornière (2016). Search engines may then have incentives

to provide a suboptimal quality of sponsored links, i.e. reduce the degree of targeting. Karle
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and Reisinger (2019) consider competition between advertising firms when the success prob-

ability of reaching a consumer of the targeted consumer group is lower than one. They show

that depending on whether the success probability is high or low, the possibility to use targeted

ads reduces or intensives competition. The reason is that firms either target different consumers

groups when targeting is likely to be successful or compete for the same consumer group when

targeting is sufficiently imprecise. This mechanism is similar to the one in this paper but builds

on firms’ choice of a targeted consumer group rather than that of a dimension how to advertise

to a consumer.

The second one is strategic differentiation between firms. There are several papers, partic-

ularly in the platform literature, showing that firms follow heterogeneous selling strategies to

reduce competition. For example, Gehrig (1998); Dudey (1990); Ellison and Fudenberg (2003)

consider firms’ choices on which platform or market place to become active. If firms choose

the same platform, they attract more buyers which increases their demand, but at the same time

such behavior spurs competition between them, which lowers their profits. Karle, Peitz and

Reisinger (2020) show how these strategic incentives affect fee setting of platforms and the

market structure in platform markets. We add to this literature by considering heterogeneous

advertising strategies that depend on multi-dimensional information received by firms, which

leads to new aspects compared to firms’ decisions where to sell their products.

3 The model

There are two firms (or platforms), i = 1, 2 that receive payoff relevant information about their

consumers. The information they receive is two-dimensional. However, a firm can only react

to (maximum) one dimension. We denote the dimensions by ω = a, b. In terms of payoff, one

dimension yields a higher payoff than the other, but there is uncertainty related to which of the

4
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two dimensions that is. We assume that α = Proba(ω = a) > 1
2 .1

If a firm reacts to the most valuable dimension, it obtains a payoff of π̄ + ∆ if it is the only

firm to react in this dimension and π̄ if both firms react in this dimension. Similarity if a firm

reacts in the less valuable dimension, it obtains a payoff of π + ∆ if it is the only firm to react

in this dimension and π if both firms react in this dimension. The parameter ∆ ≥ 0 can be

interpreted as capturing the competitiveness of the market and the value of differentiation.

This information and payoff structure represents in a simple way that firms are uncertain of

which dimension is the more important one for a consumer. If the firm sends a message to the

consumers in her preferred dimension (i.e., reacts to the dimension the consumer is interested

in), the consumers is willing to pay a higher price for the firm’s offer, which leads to a higher

payoff for firms.

The firm can also not to react to any information, in which case it obtains the payoff π0 <

π̄. We also impose that in the best scenario (when only one firm reacts in the most valuable

dimension), it is indeed profitable to do so, i.e.,

α(π̄ + ∆) + (1 − α)(π + ∆) > π0. (1)

The possible actions of each firm (a, b or no reaction, which we denote by 0) and the

associated payoffs of the two firms are summarized in the following table:

Firm 2
a b 0

Firm 1

a
απ̄ + (1 − α)π; α(π̄ + ∆) + (1 − α)(π + ∆); α(π̄ + ∆) + (1 − α)(π + ∆);
απ̄ + (1 − α)π α(π + ∆) + (1 − α)(π̄ + ∆) π0

b
α(π + ∆) + (1 − α)(π̄ + ∆); απ + (1 − α)π̄; α(π + ∆) + (1 − α)(π̄ + ∆);
α(π̄ + ∆) + (1 − α)(π + ∆) απ + (1 − α)π̄ π0

0 π0; π0; π0;
α(π̄ + ∆) + (1 − α)(π + ∆) α(π + ∆) + (1 − α)(π̄ + ∆) π0

1If α = 1
2 , none of the two dimensions yields a higher payoff in expectations. As we will show below, firms

will then always choose to react to different dimensions.

5

SNF Working Paper No. 02/23



We focus the analysis on pure strategy Nash equilibria.

4 Results

4.1 Preliminary observations

Before studying which strategies are equilibrium strategies and under what conditions, we start

by excluding some strategies.

First, it is straightforward to show that both firms playing b can never be an equilibrium. In

fact, if firm j plays b, then firm i prefers a to b:

απ + (1 − α)π̄ < α(π̄ + ∆) + (1 − α)(π + ∆) (2)

⇔(2α − 1)(π̄ − π) > 0. (3)

The latter is always true. Intuitively, if faced with a firm playing b, it makes sense to differentiate

and play the more valuable option a.

Second and for similar reasons as for (b, b), (b, x) is never an equilibrium. If firm j plays x,

then firm i prefers a to b:

α(π + ∆) + (1 − α)(π̄ + ∆) < α(π̄ + ∆) + (1 − α)(π + ∆) (4)

⇔(2α − 1)(π̄ − π) > 0. (5)

The latter is always true. Thus, for the same reasons as for (b, b), (x, b) cannot be an equilibrium

either.

Finally, under the assumption in equation (1), (x, x) cannot be an equilibrium either. It is

then more profitable for one of the firms to choose a, as this gives a strictly higher payoff in

expectations.

6

SNF Working Paper No. 02/23



4.2 Main results

Our preliminary observations, allow us to reduce the number of types of equilibrium candidates

to three:

1. Information reaction and conformity: (a, a)

2. Information reaction and differentiation: (a, b) and (b, a)

3. Partial information reaction and differentiation: (a, x) and (x, a)

Conditions for (a, a) to be an equilibrium: For (a, a) to constitute an equilibrium, both

players need to prefer strategy a to both b and x, given that the other firms plays a. This implies

the two following conditions on model parameters:

απ̄ + (1 − α)π ≥ α(π + ∆) + (1 − α)(π̄ + ∆), and (6)

απ̄ + (1 − α)π ≥ π0. (7)

Notice that the latter is always true if π ≥ π0. Regardless, the two inequalities can be rewritten

as

(2α − 1)(π̄ − π) ≥ ∆, and (8)

π0 − π − α(π̄ − π) ≤ 0. (9)

Intuitively, an equilibrium with conformity, that is, both firms react in the same dimension

can only occur if competition is not too intense. This implies that ∆ needs to be sufficiently

small, which is represented by (8). Firms can only enjoy the additional benefit from avoiding

competition by reacting in different dimensions, which does not occur in an equilibrium with

(a, a). In addition, if firms are certain enough about the consumer’s preferred dimension, that is,
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if α is large, the (a, a) equilibrium becomes more likely. Although it leads to competition, devi-

ating from choosing a reduces a firm’s profit considerably, which implies that such a deviation

is not profitable. This second effect is amplified if π̄ is large, is choosing the right dimension is

then more valuable, which makes the choice of a more attractive, given that α is already large.

We next turn to potential equilibria in which firms choose differentiation.

Conditions for (a, b) to be an equilibrium: For (a, b) to constitute an equilibrium, first,

a player facing a competitor playing b needs to prefer a to both b and x. From our preliminary

observations, we can conclude that this is always true. Furthermore, a player facing a competitor

playing a needs to prefer b to both a and x. This can be translated into the following two

conditions:

α(π + ∆) + (1 − α)(π̄ + ∆) ≥ απ̄ + (1 − α)π, and (10)

α(π + ∆) + (1 − α)(π̄ + ∆) ≥ π0. (11)

Notice that the latter is always true if π ≥ π0. Regardless, the two inequalities can be rewritten

as

(2α − 1)(π̄ − π) ≤ ∆, and (12)

π0 − π − (1 − α)(π̄ − π) ≤ ∆. (13)

It is easy to see that (12) is the reverse inequality to (8). In particular, choosing non-

conformity to the other firm’s strategy is only profitable if the value of differentiation—i.e.,

∆—is large enough. This effect is also underlying (13). Given that the other firm chooses a, a

firm has two ways to induce differentiation. One is to choose b and the other one is to choose

a general message. The general message leads to a payoff that is independent of the value of

differentiation. It is therefore not affected by competition, as the payoff is always π0. As a
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consequence, ∆ must also be large relative to π0 for an equilibrium with (a, b) to be sustainable.

Conditions for (a, x) to be an equilibrium: Finally, for (a, x) to constitute an equilibrium,

first, a player facing a competitor playing x needs to prefer a to both b and x. From our pre-

liminary observations, we can conclude that this is always true. Furthermore, a player facing a

competitor playing a needs to prefer x to both a and b. This can be translated into the following

two conditions:

π0 ≥ απ̄ + (1 − α)π, and (14)

π0 ≥ α(π + ∆) + (1 − α)(π̄ + ∆). (15)

Notice that these inequalities never hold if π ≥ π0.Thus, this cannot constitute an equilibrium if

π ≥ π0. For the opposite case, the two inequalities remain relevant and can be rewritten as

π0 − π − α(π̄ − π) ≥ 0, and (16)

π0 − π − (1 − α)(π̄ − π) ≥ ∆. (17)

As explained above, an equilibrium in which one firm chooses a general message can only

occur if the general message is sufficiently valuable relative to, first, the high payoff obtained

when choosing the consumer’s preferred dimension, and, second, the value of differentiation.

(16) and (17) represent these two conditions: (16) implies that uncertainty must be sufficiently

large (i.e., α sufficiently close to 1/2) to ensure that the general message is preferred to confor-

mity. (17) implies that the value of avoiding competition (i.e., ∆) is sufficiently small, as only

then the general message is preferred over differentiation.

For the illustration of the equilibrium for any set of (relevant) parameters, it is useful to

9

SNF Working Paper No. 02/23



define the following three functions:

∆1 = (2α − 1)(π̄ − π), (18)

∆2 = π0 − π − (1 − α)(π̄ − π) and (19)

∆3 = π0 − π − (1 − α)(π̄ − π). (20)

Notice that since α > 1
2 , ∆3 < ∆2 for all possible parameter values. For the illustration of

the equilbrium outcome, we will present the analyses for π0 ≤ π and π0 > π separately.

Figure 1: Equilibria for π0 ≤ π

Equilibrium analysis for π0 ≤ π: In this case (as noted when presenting the conditions for

the various equilibrium candidates), only ∆1 is relevant. In particular, for π0 ≤ π, the general

message leads to payoff that is low enough so that it it strictly dominated by either choosing

a or b. Therefore, π0 does not play a role. As shown in Figure 1, information reaction and
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differentiation is the unique equilibrium if ∆ is high enough relative to π̄ − π (the difference

between reacting to the “right” and “wrong” information dimension). Instead, information

reaction and conformity is the unique equilibrium if the reverse holds true. Due to the linearity

of profits in these variables, the dividing line is a straight line.

Equilibrium analysis for π0 > π: In this case, all ∆i, i = 1, 2, 3 are relevant. Notice that

if the parameters are such that ∆ ≤ ∆3, then we are outside the parameters of the model (the

assumption in (1) is violated).

Figure 2: Equilibria for π0 > π

One way of comparing the figures, is to notice that Figure 1 is the upper right corner of

Figure 2. Figure 2 shows that for π0 > π, partial information reaction can also be an equilibrium.

The firms then prefer to strategically differentiate via one firm choosing a general message and

the other the a message that is in the dimension that is most likely of interest to the consumer.
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This occurs although the value of differentiation (i.e., ∆) is relatively large. The reason is that

the value of having a match to the consumer’s preference can be rather low (i.e., the difference

between π̄ and π is small), which implies that it is optimal to react only partially to information

instead of choosing message a or b.

5 Discussion and conclusion

In this paper, we have presented a simple two-firm model where firms can send advertising

messages to potential consumers. Before doing so, the firms receive information about the

consumers’ interests. The originality of the paper lies in considering that this information is

two-dimensional. The firms must then choose whether to react to this information or not, and

if yes, how. The main trade-off a firm experiences is as follows: When sending a message in

the dimension that is more likely to be the one that interests the consumer, it obtains a positive

payoff with greater probability. However, if the other firm also chooses this dimension, com-

petition gets fiercer, which dampens the firm’s payoff. The interplay between these two effects

can therefore lead to both firms advertising in the same dimension, if competition is not par-

ticularly fierce, or one firm choosing the less likely dimension, or sending a general message,

to strategically escape competition. In the latter case—i.e., when firms only react partially to

the received information—doubling of information is avoided, which implies that the consumer

receives messages that are of interest to her with a higher probability.

These results have implications for variety and diversity of media firms and platforms. Even

if different firms have access to the same information about consumers (users or viewers), they

will choose to differentiate, thus offering different values or experiences to consumers. This

occurs foremost if uniqueness of positions is important, which can be due, for instance, the

competitiveness of the environment. Consumer then obtain diverse views, which is valuable,

but do not benefit from competition between firms. However, if uniqueness of positioning or
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competition is not so important, then the equilibrium outcome leads to less media diversity.

The results in this paper open up for several interesting future avenues of research. One

is related to information acquisition. In the current model, firms passively receive information

about the consumer’s interest. However, a media firm has a constant information flow to updated

its beliefs about consumers’ preferences. In a more sophisticated environment, it would be

interesting to explore incentives to acquire information, keeping in mind the originality of the

current research, i.e., that there are different dimensions in which a firm could choose to invest

in information acquisition. How much new information would different media platforms choose

to acquire? And, perhaps more importantly, how will they choose to acquire information? Does

the trade-off between differentiation and value to consumers in terms of firm strategy identified

in this paper also influence the choice of information acquisition?

Another question future research may address is the role of online intermediaries in pro-

viding information to firms about a consumer’s preferred dimension. This is highly relevant

for media economics. In which platform business model is it beneficial for intermediaries to

acquire more precise consumer information and pass it on to firms active on the portal? What

are the implications for consumer surplus and overall welfare?

A relevant consequence of media firms’ choice between conformity and differentiation is

how the efficiency of the voting decision is affected through it in an electoral campaign. Such

a study would bridge a gap between media economics and political economics that has become

more important in a digital world.
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