
A theory of citations

Wojciech Olszewski∗

June 2017

Abstract

We propose a model in which researchers maximize their number of times they are cited in later

papers. The equilibrium is inefficient, because researchers distort their effort toward writing on popular

topics. This inefficiency is smaller when citations in higher-ranked journals carry a higher weight, or

when citations in time-remote papers carry a higher weight. We also discuss (a) the relation between

the quality of papers and the number of citations, (b) the relation between efficiency and the empirical

distribution of citations, and (c) the response of researchers motivated by citations to anticipated progress

in available research methods.

1 Introduction

Citations have always played an important role in making assessments in academia. Papers with an extremely

high number of citations have always been admired in some ways, and researchers have used citation frequency

in their evaluations of other researchers. In economics, there seems to have been a recent surge of interest in

using citations to assess researchers, academic journals, and various research institutions. Academic journals

have increased their emphasis on citation indices. References to citations have become more common in

peer evaluations. This trend may be related to researchers becoming more specialized, and finding it more

difficult to evaluate research which does not belong to their research area, or it may simply be related to a

need to search for more objective evaluation measures.

Of course, the use of citations for assessing researchers provides them with strategic incentives for seeking

projects that generate citations. The existing research on citations does not explore such strategic incentives,

but is focused instead on measurement issues. Various citation indexes have been proposed as measures of

scientific influence, among which the h-index (Hirsch, 2005) is probably the index most commonly referred

to. In a recent article, Perry and Reny (2016) propose their own index, and provide a summary of the
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literature on citation indexes. Other papers address the question of whether citation indexes can provide a

“compelling” assessment of scientists and academic departments (see Ellison, 2010 and 2012), or how to use

indirect citations to obtain a more accurate assessment (see Chung et al., 2017).

We are interested in how the importance of citations affects research. In the present model, we explore

the following basic trade-off in the context of citations: Researchers choose topics on which they write their

papers. They are divided into two extreme groups. Some researchers choose to write what they expect to be

better papers, while other researchers maximize the number of future citations. Researchers from this latter

group are willing to sacrifice some quality to write papers that they expect to be cited more frequently.

This creates a spillover effect, and more researchers from the latter group sacrifice even more quality to

write papers on popular topics. The resulting outcome is socially inefficient. The size of this inefficiency

depends on various factors, such as the relative strength of the incentives coming from citations compared

to the incentives coming from quality,1 the distribution of researchers’ talent (whether the talent is more

frequently topic specific, or is typically uniform across topics), or how prone a field is to trends. We provide

comparative statics with respect to such factors.

All our results follow from the trade-off between enduring quality and citation-seeking behavior. We

believe that this trade-off should be present in any study that models citation-motivated research. However,

a plethora of other motives, such as wanting to pioneer research in unexplored areas or motives unrelated

directly to citations, may be important for answering particular questions. Despite this, our basic model

provides numerous insights regarding practical issues.

One can, for example, wonder whether assigning a higher weight to citations in papers published in

higher-ranked journals would enhance efficiency. Our model predicts that it would do so in fields in which

higher-quality researchers execute ideas which they find more valuable, and lower-quality researchers “shop”

for projects that will generate citations. The reason is that the spillover effect is weaker when citations are

weighted, because the average quality of researchers seeking citations is lower than the average quality of all

researchers. In addition, the researchers who sacrifice typically publish in lower-ranked journals.

Another set of potentially interesting questions concerns research dynamics. For example, one can wonder

how the flow of papers on various topics would respond to a revival of interest in certain areas. We show

that researchers motivated by citations switch to writing on topics in which breakthroughs are likely to occur

(e.g., due to new techniques or technology, or the anticipated availability of new data sets), and they do

so as soon as they anticipate such breakthroughs. Paradoxically, the inflow of papers on such topics at the

time a breakthrough begins to be anticipated may exceed the inflow of papers on such topics at the time the

breakthrough actually occurs. Our model predicts that this paradox is likely to be observed when researchers

need not sacrifice much quality to write papers that they expect to be cited more frequently. Intuitively,

the anticipated inflow of papers on some topic in some period T provides incentives to researchers living

in period T − 1 for writing on this topic. And if there are many researchers affected by these incentives,

1 In terms of our model, this is the relative size of the two groups of researchers.
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researchers living in period T −2 are provided even stronger incentives for writing on this topic. As a result,

stronger incentives are transmitted to earlier periods.

After defining “better papers” as those which are cited with higher probability by each later paper on

the same topic, we show that, perhaps surprisingly, better papers are not necessarily cited more frequently

than others. Finally, we argue that citation frequency is a more reliable signal of quality in the case of older

rather than newer papers, because more immediate citations are more likely to be affected by temporary

trends in research, and not perfectly correlated with social values.

The rest of the paper is organized as follows. We first present our basic model in Section 2, and discuss

its equilibria in Section 3. (Some of this discussion is relegated to Appendix.) This is followed by the results

on comparative statics. The most substantive part of our analysis is contained in Sections 5 and 6, in which

we apply our model to answer some specific questions of practical importance. We discuss some extensions

in Section 7.

2 Basic Model

A random i.i.d. number of researchers live (are active) in each period. This random number is allowed

to have an infinite expected value. A researcher may conduct research (which, in our model, corresponds

to writing one paper) on one of two topics: topic X or topic Y. For example, if the population represents

macroeconomists, then each one may work on modeling the life-time income process, or study issues related to

public debt (among a variety of other possible topics, which for simplicity are excluded from the basic model).

Alternatively, if the population represents microtheorists, each of them may work on either mechanism design

or repeated games (again, among a variety of other topics).

We assume that the two topics cannot be told apart by the market. That is, the market cannot divide

the papers for those on X and those on Y, and compare the numbers of citations across researchers writing

on X, and separately across the researchers writing on Y. In practice, the market can tell topics apart to

some extent. However, a very fine classification of topics would be probably impractical, or even impossible.2

Each researcher is characterized by a 3-dimensional type. First, she may be partisan or strategic. (In

other words, she may be internally or externally motivated.) The researcher is of the former type with

probability 1 − p and of the latter type with probability p. In addition, she is characterized by the social

value of her papers (qX , qY ) ∈ [0,∞)2. That is, if the researcher writes a paper on topic i = X,Y , this

paper’s social value is qi. In particular, a researcher may have an advantage in writing on topic X (qX > qY ),

or an advantage in writing on topic Y (qX < qY ). Her type is each researcher’s private information. (In

fact, for the purpose of this analysis, whether a researcher is partisan or strategic;could be either private

2 How, for example, would one classify a paper looking for an optimal mechanism in a setting in which agents have some

behavioral biases? Would one compare it with other papers on the former or the latter topic? Or would this be a separate class

of papers? However, by splitting topics in this manner, one could easily end up with few papers on most topics.
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or public information.) We will from time to time call (qX , qY ) the researcher’s type, if it follows from

the context whether we mean a strategic or partisan researcher. The distribution of vectors (qX , qY ) has a

Lebesgue-measurable density f , which is commonly known among the researchers.

We assume that a paper on topic i = X,Y by a researcher of type (qX , qY ) would (in expectation) be

cited qi times in each later period if all researchers were writing on this topic, but would not be cited at

all if all subsequent researchers were writing on the other topic. And proportionally, if a fraction MX of

researchers in a later period writes on X, and a fraction MY of researchers in a later period writes on Y,

then the paper is expected to be cited MXqX and MY qY times, respectively.

This assumption means that in the absence of strategic researchers (i.e., when all researchers were par-

tizan), citations would the correct, and precise, measure of social value. Of course, one can consider other

measures of social value which may not be aligned in this way with citations. Such measures would, however,

introduce some exogenous inefficiency to our model, since pursuing social goals would not imply maximizing

the number citations, even in the absence of any strategic considerations. In contrast, our basic model will

exhibit only endogenous inefficiency coming from strategic considerations.

A partisan researcher is assumed to write on the topic with a higher q, that is, on topic X if qX > qY

and on topic Y if qX < qY . The choice of topic when qX = qY will be irrelevant. A strategic researcher is

assumed to choose the topic which generates a higher expected payoff. Her payoff is given by

(1− δ)
∞�

n=1

δnτn, (1)

where δ stands for the common discount rate, and τn is the number of times the researcher is cited in period

n. That is, a strategic researcher chooses a topic for her paper based on her beliefs regarding the fractions

of researchers who will be working on each topic in later periods.

Notice that by maximizing the absolute number of citations, researchers also maximize their expected

ranking with respect to the number of citations within their cohort (that is, among the researchers living at

the same time).

3 Equilibria

3.1 First-best outcome

The social optimum is attained when each researcher writes on the topic that gives her an advantage. This

is topic X if qX > qY , and topic Y if qX < qY ; this social optimum would be attained if all researchers were

partisan. To see why strategic researchers may have distorted incentives, consider a researcher maximizing

(1) who happens to live in a society in which all other researchers are partisan. Which topic would such

a researcher choose? Denote by µX and µY the measures of sets {(qX , qY ) ∈ [0,∞)2 : qX > qY } and
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{(qX , qY ) ∈ [0,∞)2 : qX < qY }, respectively. That is,

µX =

�
∞

0

��
∞

qY

f(qX , qY )dqX

�
dqY ,

and

µY =

�
∞

0

��
∞

qX

f(qX , qY )dqY

�
dqX .

If µX = µY , then the strategic researcher would make the same choice as a partisan researcher of the

same type (qX , qY ). But if µX > µY , then the payoff of a strategic researcher of type (qX , qY ) from writing

on topic i is δqiµi; this means that such a researcher would write on topic Y only when

qY
qX

>
µX
µY

> 1.

That is, strategic researchers have incentives distorted toward writing on X. Symmetrically, strategic re-

searchers have incentives distorted toward writing on Y when µX < µY . Throughout the paper, we assume

that µX > µY . It will be convenient to normalize µX and µY to the values such that µX + µY = 1.

3.2 Description of equilibria

In the previous subsection, we informally argued that if µX �= µY , then the efficient behavior is not an

equilibrium. The game has, however, an inefficient equilibrium and, for some primitives of the model, even

multiple equilibria. We must first formally introduce our equilibrium concept. A strategy prescribes a

decision regarding the choice of topic for each type of each researcher, contingent on the past choices of other

researchers. This implicitly includes the calendar time of making the decision. Strategies are assumed to be

Lebesgue measurable, i.e., the set of types choosing each topic is Lebesgue measurable.

If a strategy is independent of the past choices of other researchers, then we call the strategy history-

independent. History-independent strategies may, however, depend on calendar time. If, in addition, the

strategy is independent of calendar time, then we call the strategy stationary.

In equilibrium, the prescribed strategies must give each type of strategic researcher an expected payoff

which weakly exceeds the expected payoff from choosing the other topic, given that other researchers make

the prescribed decisions. If an equilibrium strategy profile is history-independent or stationary, then we call

the equilibrium history-independent or stationary, respectively.

We restrict our attention to studying history-independent equilibria. The reason for this is that in the

present model past choices of other players have no direct payoff implications for the players in a continuation

game. So, their past choices could serve only as some kind of sunspots. Alternatively by conditioning on the

past play, players living in future periods would be providing incentives to players living in earlier periods,

despite the fact that the actions of players living in earlier periods have no direct payoff consequences for

players living in future periods. History-dependent equilibria may or may not exist, depending on the

parameters. We informally describe a history-dependent equilibrium in Appendix. However, we think that

history-dependent equilibria are less reasonable, and thus disregard them in the main text. Equilibria in
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history-dependent strategies would seem more reasonable in a richer model (not studied in the present paper)

in which players’ research on a topic depends on previous research on the topic.

We begin the analysis with two examples.

Example 1. In this example, we explore a special case of our model in which only one researcher lives in

each period. Suppose that p = 1/2, i.e., the chance that each researcher is strategic or partisan is fifty-fifty;

and suppose that the density f is equal to 4/3 on {(qX , qY ) ∈ [0, 1]2 : qX > qY }, and is equal to 2/3 on

{(qX , qY ) ∈ [0, 1]2 : qX < qY }. Then, qi, i = X,Y , represents the probability that a researcher who writes

on topic i will be cited by a later researcher who writes on the same topic. (Recall that no researcher will

ever be cited by later researchers writing on the other topic.)

We will explore only stationary equilibria. Denote by MX an equilibrium probability that a researcher

writes on topic X, and by MY = 1 −MX the equilibrium probability that a researcher writes on topic Y.

Due to the presence of partisan researchers, both MX and MY are positive. The types (qX , qY ) such that

δqXMX = δqYMY , or equivalently, such that

qY =
MX

MY
qX

are indifferent between writing on X and writing on Y. The segment of points (qX , qY ) that satisfy this

equation divides the square [0, 1]2 into two parts. All strategic researchers with type (qX , qY ) to the right of

this segment write on topic X, and all strategic researchers with (qX , qY ) to the left write on topic Y.

Case 1 (MX/MY ≤ 1). In this case,

MX =
1

2

4

3

1

2

MX

MY
+
1

2

4

3

1

2
.

The first component of the right-hand side represents the probability that a researcher is strategic and writes

on topic X, and the second component represents the probability that a researcher is partisan and writes on

topic X.

Since MY = 1−MX , this equation says that

MX =
1

3

MX

1−MX
+
1

3
.

It is easy to verify that this quadratic equation has no solution. Therefore, there is no equilibrium in this

case.

Case 2 (MX/MY > 1). In this case,

MY =
1

2

2

3

1

2

MY

MX
+
1

2

2

3

1

2
.

Since MX = 1−MY , this equation says that

MY =
1

6

MY

1−MY
+
1

6
.
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It is easy to verify that this quadratic equation has this unique solution:

MY =
3− 2

√
3

6
.

Therefore, there is a unique stationary equilibrium, up to the choices of types such that qXMX = qYMY ,

which have measure zero. This equilibrium is depicted in Figure 1.

In the equilibrium, the types below the line with slope MX/MY = 2 +
2
√
3 write on topic X, and types

above that line write on topic Y. The area between this line and the line with slope 1 represents inefficiency,

or more precisely, the types making inefficient decisions. These types have an advantage in writing on Y but

for strategic reasons write on X.

Example 2. Suppose again that p = 1/2, i.e., half of the researchers are partisan, while the other half

are strategic. Suppose also that the density f is equal to e−x−y multiplied by 4/3 on {(qX , qY ) ∈ [0, 1]2 :
qX > qY }, and multiplied by 2/3 on {(qX , qY ) ∈ [0, 1]2 : qX < qY }. Thus, µX = 2/3 and µY = 1/3.

We will again explore only stationary equilibria. As in Example 1, denote by MX an equilibrium fraction

of researchers who write on topic X, and denote by MY the remaining fraction of researchers, who write on

topic Y. The indifferent types (qX , qY ) are such that δqXMX = δqYMY , or, equivalently, such that

qY =
MX

MY
qX .

The line of such points (qX , qY ) divides the quadrant [0,∞)2 into two parts. All strategic researchers with

(qX , qY ) below this segment write on topic X, and all strategic researchers with (qX , qY ) above it write on

topic Y.

Consider the following two cases:

Case 1 (MX/MY > 1). In this case, we have that

MY =
1

2

2

3

�
∞

0

�� y
MY

MX

0

e−xdx

�

e−ydy +
1

2

2

3

1

2
.

The first component of the right-hand side represents the probability that a researcher is strategic and writes

on topic Y, and the second component represents the probability that a researcher is partisan and writes on

topic Y.

Integrating, we obtain the following formula:

�
∞

0

�� y
MY

MX

0

e−xdx

�

e−ydy =MY ,

so that

MY =
1

3
MY +

1

6
=
1

4
,

which is consistent with MX/MY > 1.
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Figure 1. The unique stationary equilibrium strategies for the uniformly distributed types



Case 2 (MX/MY ≤ 1). In this case,

MX =
1

2

4

3

�
∞

0

�� x
MX

MY

0

e−ydy

�

e−xdx+
1

2

4

3

1

2
,

which yields

MX =
2

3
MX +

1

3
= 1,

which contradicts the assumption that MX/MY ≤ 1.
Therefore, the model has a unique stationary equilibrium (up to a type set of measure zero), in which 75

percent of researchers work on topic X, and the remaining 25 percent work on topic Y. In contrast, in the

efficient outcome, only 2/3 of researchers would work on topic X, and the remaining 1/3 would work on topic

Y. The inefficient decisions are made by strategic researchers with types (qX , qY ) between lines qY = qX and

qY = 3qX .

In order to characterize equilibria in the general case, it will be convenient to first introduce some notation.

Given a history-independent strategy profile, let M t
i be the expected fraction of researchers who choose topic

i = X,Y in period t. This number is independent of the history of play, because we are studying history-

independent strategies. When strategies are also stationary, then M t
i =Mi is constant-over-time. Given any

(history-independent, but not necessarily stationary) strategies of researchers living in periods t, t+1, ..., let

M
t
i = (1− δ)

∞�

n=t

δn−tMn
i .

This value is often called in the literature the “occupation measure” - in this case - of topic i from time t on,

and it represents the weighted average of Mn
i over periods n = t, t + 1, .... If the strategies are stationary,

then M
t

i =Mi. Finally, let

gX(MX) := pPr{(qX , qY ) : qXMX > qY (1−MX)}+ (1− p)µX

and

gY (MY ) := pPr{(qX , qY ) : qYMY > qX(1−MY )}+ (1− p)µY .

Notice that functions gX and gY are fully determined by the distribution of researchers’ types. The value of

gi(Mi), i = X,Y , represents the expected fraction of researchers writing on topic i in the current period if,

on average, this fraction in future periods is expected to be Mi.

The settings from Examples 1 and 2 had unique stationary equilibria. Below, we provide a condition

on the primitives of our model (Assumption 1) under which the model has a unique (history-independent)

equilibrium, and this equilibrium is stationary. We will assume this condition through the main text. In

Appendix, we will characterize equilibria in the general case when the condition may not satisfied.

Assumption 1. Function gX has a unique fixed point.
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Since MX +MY = 1, it follows that gY (MY ) + gX(MX) = 1. So, this is equivalent to assuming that

function gY has a unique fixed point. Notice that gi(Mi) always has a fixed point Mi. Indeed, function

gX is continuous (because the distribution of types (qX , qY ) is continuous), and gX(0) > 0 and gX(1) < 1

(because of the presence of partisan researchers).

For some distributions of researchers’ types, gX has multiple fixed points. But for many “regular”

distributions of interest - including uniform and exponential ones (as we have seen in Examples 1 and 2) or

normal ones truncated to the quadrant qX , qY ≥ 0 - the function gX has a unique fixed point. In contrast,

the densities of distributions with multiple fixed points must have multiple “ups and downs.” This is our

motivation for making Assumption 1 throughout the main text. In addition, our characterization of history-

independent equilibria from Appendix shows that MX must converge over time to a fixed point of gX , even

when the distribution of researchers does not satisfy Assumption 1. That is, MX is approximately a fixed

point of gX in the long run in all (history-independent) equilibria.

The following proposition characterizes the equilibria of our basic model under Assumption 1. Its proof

is relegated to Appendix.

Proposition 1 The model has a unique equilibrium. This equilibrium is stationary. In the equilibrium, Mi

is the fixed point of gi. A researcher chooses topic X when MXqX > MY qY , and chooses topic Y when

MY qY > MXqX . When MXqX = MY qY (an event of probability 0), a researcher is indifferent between the

two topics.

4 Comparative statics

Before we address more substantial questions, we perform some comparative statics. We begin with studying

the effects of an increase in the fraction of partisan researchers in the population, and of an increase in the

asymmetry across topics. The former increase is modeled by decreasing p. In the latter case, we wish to

increase the ratio of µX to µY without introducing any changes in the relative density across types such that

qY > qX , or across types such that qY < qX . Therefore, the latter increase will be modeled by multiplying

the density f on the set {(qX , qY ) : qY > qX} by an α < 1, and multiplying the density f on the set

{(qX , qY ) : qY < qX} by β > 1 such that αµY + βµX = 1.

Proposition 2 (i) If p′′ < p′, then M ′′

Y > M ′

Y . (ii) For any α < 1, Mα
Y /µ

α
Y < MY /µY ; in particular,

Mα
Y < MY .

Proposition 2 (i) implies that an increase in the fraction of partisan researchers in the population leads

to a more efficient outcome. This happens for two reasons. The first is due to the direct effect: the fraction

of partisan researchers is higher, and such researchers make efficient decisions. The second reason is due to

the strategic effect: a smaller set of strategic researchers whose advantage is in writing on topic Y strategize

by writing on topic X instead.
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By Proposition 2 (ii), an increase in the asymmetry across topics reduces the set of types of strategic

researchers whose advantage is in writing topic Y who do write on topic Y. Proposition 2 (ii) shows even

more: the size of this set decreases even as a fraction the set of all researchers with an advantage in topic

Y, though the size of this latter set also decreases. This strategic effect reduces efficiency. But the direct

effect of shrinking the fraction of researchers with advantage in topic Y in the population enhances efficiency.

So, the total effect on aggregate efficiency is ambiguous. For example, the strength of the direct effect

depends on the distribution of types who originally strategize (that is, the distribution f contingent on the

set {(qX , qY ) : qX < qY < MXqX/MY }), whereas the strength of the strategic effect is independent of this

distribution.

Proof. It follows from equation gY (MY ) = MY and Assumption 1 that the graph of gY intersects the

diagonal from above to below at MY < 1/2. When p decreases, the graph of gY for MY < 1/2 moves up,

because Pr{(qX , qY ) : qYMY > qX(1 −MY )} < µY for MY < 1/2. So, the unique fixed point MY of gY

becomes larger.

When the density f on the set {(qX , qY ) : qY > qX} is multiplied by an α < 1, the graph of gY moves

down for all MY . So, the unique fixed point MY of gY becomes smaller. Moreover, the values of gY for all

MY ≤ 1/2 are scaled down by α. Since gY (1/2) = µY , αgY (1/2) = µαY , and MY = gY (MY ), we would have

Mα
Y /µ

α
Y = MY /µY if Mα

Y were equal to αgY (MY ). However, Mα
Y < MY , so Mα

Y = αgY (M
α
Y ) < αgY (MY ),

which implies that Mα
Y /µ

α
Y < MY /µY .

4.1 Uniform talent across topics versus topic-specific talent

An interesting comparative statics question is whether fields in which talent is uniform across topics are more

efficient than fields in which talent is rather topic specific. One can also interpret this question in terms of

entry costs.

That is, in some fields of research, it takes time until researchers learn enough to write papers; this

typically occurs in more mature fields, which have also become more specialized over time. In such areas,

the fact that researchers almost invariably write on more specialized topics could be interpreted to mean

that their talent is more topic-specific.

We model fields in which talent is less uniform across topics by moving the mass of (qX , qY ) away from

the diagonal. More precisely, for any pair of random variables (q′X , q
′

Y ) and (q′′X , q
′′

Y ) that take values in

[0,∞)2, we say that (q′′X , q
′′

Y ) is obtained from (q′X , q
′

Y ) by moving mass away from the diagonal if (q′′X , q
′′

Y ) =

(q′X , q
′

Y ) + (εX , εY ), where (εX , εY ) is a random variable, which depends on the realization of (q′X , q
′

Y ), and

which has the following properties, which are illustrated in Figure 2:

(i) When the realization of (q′X , q
′

Y ) is such that q′X > q′Y , then εX takes only nonnegative values and εY

takes only nonpositive values; and

(ii) when the realization of (q′X , q
′

Y ) is such that q′X < q′Y , then εX takes only nonpositive values and εY

takes only nonnegative values.
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Although the distribution of (εX , εY ) depends on the realization of (q′X , q
′

Y ), we will omit this relation

in our notation.3

This notion is a two-dimensional version of the simple mean-preserving spread in Diamond and Stiglitz

(1974).4 Their concept, defined for one-dimensional random variables with cdf’s H and G, requires that

G(t) ≤ H(t) for all t ≥ t∗ and H(t) ≤ G(t) for all t ≤ t∗ for some t∗. It can be shown that (q′′X , q
′′

Y ) is

obtained from (q′X , q
′

Y ) by moving mass away from the diagonal if and only if the probability of any set

of the form {(q′′X , q′′Y ) : q′′X > q∗X and q′′Y < q∗Y }, where q∗X > q∗Y , is higher than the probability of the set

{(q′X , q′Y ) : q′X > q∗X and q′Y < q∗Y }, and the probability of any set of the form {(q′′X , q′′Y ) : q′′X < q∗X and

q′′Y > q∗Y }, where q∗X < q∗Y , is higher than the probability of the set {(q′X , q′Y ) : q′X < q∗X and q′Y > q∗Y }.

Proposition 3 If (q′′X , q
′′

Y ) is obtained from (q′X , q
′

Y ) by moving mass away from the diagonal, then M ′′

Y >

M ′

Y .

In one interpretation, there is more strategizing when talent is uniform across topics than when talent

is topic specific. A larger number of researchers makes inefficient decisions. Indeed, the set of types who

write on the topic which is not to their advantage is larger in the former case than in the latter case. And

if (q′X , q
′

Y ) makes an efficient decision, so does (q′′X , q
′′

Y ) = (q
′

X , q
′

Y ) + (εX , εY ). Of course, this strategizing

is inefficient. However, the total effect on aggregate efficiency is ambiguous, because moving mass away

from the diagonal has a direct negative effect on the efficiency of individual decisions. More specifically, the

efficiency loss coming from the types who in both cases write on topic X but have an advantage in writing

on topic Y is larger for (q′′X , q
′′

Y ) than for (q′X , q
′

Y ).

It is easy to see that the total effect on aggregate efficiency is indeterminate. For example, the total

effect is negative when “moving away from the diagonal” is nontrivial only within the region of types who

strategize. In such a case, there is no strategic effect, but the direct effect is negative. Conversely, the total

effect is positive when moving away from the diagonal only takes mass away from the region of types who

strategize to the region of types who behave as partisan researchers. In such a case, both the direct effect

and the strategic effect are positive.

Proof. Observe that Pr{(q′X , q′Y ) : q′YMY > q′X(1 −MY )} < Pr{(q′′X , q′′Y ) : q′′YMY > q′′X(1 −MY )} for all

MY . Indeed, for any given MY , when we add (εX , εY ) to (q′X , q
′

Y ), (i) we may move some mass from the

region of types who choose X to the region of types who choose Y; or (ii) we may move some mass within the

region of types who choose X. However, we never move any mass from the region of types who choose Y to

the region of types who choose X. This argument is illustrated in Figure 3. So, the graph of gY moves up for

all MY when we replace random variable (q′X , q
′

Y ) with random variable (q′′X , q
′′

Y ). This yields M ′′

Y > M ′

Y .

3 Actually, as Satoru Takahashi has been pointed out to the author, the following proposition requires a weaker assumption:

it is sufficient to assume that (q′′X , q
′′

Y ) = (q
′

X , q
′

Y ) + (εX , εY ) where (εX , εY ) is such that (a) when q′X/q
′

Y > 1, then q′′X/q
′′

Y >

q′X/q
′

Y ; and (b) when q′X/q
′

Y < 1, then q′′X/q
′′

Y < q′X/q
′

Y .

4 Another version of a simple mean-preserving spread, closer in form to the version used in the present paper is used in

Klabjan et al. (2014).
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Figure 3. For the lower (qX′,qY′), adding (εX,εY) results in the effect described in (i); 
and for the upper (qX′,qY′), adding (εX,εY) results in the effect described in (ii).



5 Implications

In this section, we discuss some practical implications which follow from our analysis.

5.1 Are better papers cited more frequently?

We will consider the papers of higher social value to be “better papers;” these are defined in the model as

the papers having a higher q. So by definition, they have an advantage in terms of citations. They are more

likely to be cited by subsequent cohorts who write on the same topic. This does not yet mean that they are

on average cited more frequently in equilibrium.

First, the fraction of papers of quality q with an advantage in Y may increase in q, which more negatively

affects the average number of citations of papers with a higher q, even in the absence of strategic researchers.

But even when we assume away this exogenous effect (that is, when we assume that the fraction is constant

across all q), there is a strategic effect which may reduce, and even overturn, the direct effect. Specifically,

there is an outflow of potential papers of any quality q on topic Y to papers of lower quality on topic X, and

an inflow of papers of quality q on topic X from potential papers of higher quality on topic Y. This outflow

and this inflow are depicted in Figure 4. They both increase the average number of citations per paper of

any quality q, but the strength of the strategic effect may be different for different q’s. The way in which

the strategic effect varies with q depends on the distribution of types.

To obtain some insight we will assume that the density f is obtained from a density f ′ that is symmetric

across the diagonal, by multiplying f ′ on the set {(qX , qY ) : qY > qX} by an α < 1, and multiplying f ′ on

the set {(qX , qY ) : qY < qX} by the β such that α(1/2) + β(1/2) = 1, that is, β = 2− α. This assumption

implies that the fraction of papers of quality q with an advantage in Y would be constant across q’s in the

absence of strategic researchers.

Let F (y | x) be the cdf that corresponds to density f , conditional on x. Then, the average number of

citations per paper of quality q is given by

q ·
MY αF

�
MY

MX

q | q
�
+MX(2− α)F (q | q) +MXα

	
F
�
MX

MY

q | q
�
− F (q | q)




αF
�
MY

MX

q | q
�
+ (2− α)F (q | q) + α

	
F
�
MX

MY

q | q
�
− F (q | q)


 ,

where αF
�
MY

MX

q | q
�

represents the mass of papers of quality q on topic Y, (2−α)F (q | q) represents the mass

of papers of quality q on topic X written by researchers with an advantage in X, and α
	
F
�
MX

MY

q | q
�
− F (q | q)




represents the mass of papers of quality q on topic X written by researchers who would write higher-quality

papers on topic Y.
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Figure 4. A strategic outflow and inflow of papers of a certain quality



The following condition guarantees that the strategic effect increases by more the number of citations

per paper for lower values of q. In other words, the strategic effect works against quality.

Condition 1 For any c < c, the ratio
F (cq | q)
F (cq | q)

increases in q.

Condition 1 is implied by the increasing likelihood ratio, and is satisfied by many commonly used distri-

butions, including exponential distributions and normal distributions truncated to the positive quadrant.

Proposition 4 Suppose that Condition 1 is satisfied. Then, the fraction of papers on topic X, among all

papers of quality q, decreases with q.

Since a paper of quality q on topic X is cited more frequently than a paper of quality q on topic Y,

this result implies that the strategic effect works against quality. For higher values of q, the reduction in

the number of citations per paper is greater. Put together with the direct effect that the papers of quality

q are cited by subsequent cohorts more frequently, the relation between the average number of citations

and the quality of papers is indeterminate. One can verify that the direct effect dominates for exponential

distributions and normal distributions, but it is not difficult to construct examples in which higher quality

papers have a lower average number of citations.

Proof. The fraction of papers on topic X among all papers of quality q is given by

(2− α)F (q | q) + α
	
F
�
MX

MY

q | q
�
− F (q | q)




αF
�
MY

MX

q | q
�
+ (2− α)F (q | q) + α

	
F
�
MX

MY

q | q
�
− F (q | q)


 ,

which is equal to

(2− 2α) + α
F
�
MX

MY

q | q
�

F (q | q)

α
F
�
MY

MX

q | q
�

F (q | q) + (2− 2α) + α
F
�
MX

MY

q | q
�

F (q | q)

.

Denote F
�
MX

MY

q | q
�
/F (q | q) by φ(q), and F

�
MY

MX

q | q
�
/F (q | q) by ψ(q). Since MX > MY , by virtue

of Condition 1, φ decreases in q, and ψ increases in q. Rewriting the formula for the fraction of papers on

topic X among all papers of quality q, we obtain

(2− 2α) + αφ(q)
αψ(q) + (2− 2α) + αφ(q) .

The derivative of this function is

α2φ′(q)− α(β − α)ψ′(q)− α2φ(q)ψ′(q)
[αψ(q) + (β − α) + αφ(q)]2 < 0.
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It follows from the proof that Condition 1 plays a double role in our result. It implies that (i) the outflow

of papers of quality q on topic Y, and (ii) the inflow of papers of quality q on topic X both work against

quality, and each affects more positively papers of lower quality.

5.2 Should citations in higher-ranked journals carry higher weight?

In this, and some other subsequent subsections, we will explore the possibility of somewhat modifying the

researchers’ payoff, by counting citations in a different manner. We interpret this analysis as a comparison

of various customs or standards in academia (or in a particular profession). We refrain, however, from a

full-fledged mechanism-design exercise, since our model is too simple for this kind of exercise. Our entire

analysis is based on some basic trade-off between quality and popularity, and this trade-off may not be

crucial, or even present, if the researchers’ payoff depends on other performance measures.

In addition, we will no longer assume in this subsection that only researchers know their qX and qY . We

will assume instead that if a researcher writes a paper on topic i, her qi becomes public information. The

rationale for making this assumption is that once a paper is disseminated, there is no reason to think that

the author has much private information concerning the quality of her paper; typically, at least some other

researchers are able to estimate the quality, and they can publicize this information, for example, by means

of their peer reviews.

We are interested if the society can benefit, that is, enhance efficiency, by increasing the weight assigned

to citations in papers with a higher q. In one interpretation, the question is whether by increasing the weight

of citations in papers published in journals of higher reputation will enhance efficiency. Alternatively, would

it be more efficient to refer to Web of Science instead of Google Scholar, as the former source seems more

selective than the latter in counting citations?

To address this question, suppose that citations are weighted by the quality of papers which cite them.

This quality is publicly revealed, for example, by the ranking of the journal in which a paper is published.

More specifically, let w : [0,∞) → [0, 1] be a strictly increasing function, and redefine the payoff function

(1) by assuming that a citation in a paper of quality q contributes, w(q) to the payoff. That is, the payoff is

now given by

(1− δ)
∞�

n=1

δnχnw(qn),

where qn is the quality of the paper from period n; and χn = 1 if the paper from period n is on the same

topic as a given paper, and χn = 0 if the paper from period n is on the other topic. Up to now w(q) was

equal to 1 for all q.

Proposition 1 generalizes to the new payoffs as follows: As before, let MX be the fraction of researchers

writing on X, and MY be the fraction of researchers writing on Y. Let

NY =

� 1

0




y�

0

w(y)f(x, y)dx



dy − p
� 1

0






y�

yMY /MX

w(y)f(x, y)dx




 dy (2)
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and

NX =

� 1

0




x�

0

w(x)f(x, y)dy



dx+ p

� 1

0






y�

yMY /MX

w(x)f(x, y)dx




dy (3)

be the payoff of researchers writing on X and on Y, respectively, in a period in which the types (qX , qY )

above the line qY =MXqX/MY write on Y, and the types below this line write on X.

The first term in both formulas represents the expected payoff when all researchers with an advantage

in topic i write on topic i; this payoff is decreased for i = Y and increased for i = X by the second term,

which represents the flow of researchers with an advantage in topic Y who choose to write on topic X.

Functions gi, i = X,Y , are now defined by

gwi (Ni) := pPr{(qX , qY ) : qiNi > qjNj}+ (1− p)µi.

We also assume that there are unique values Mi such that Mi = gwi (Ni) for Ni, i = X,Y , as defined by

(2) and (3). This assumption guarantees the uniqueness of the (history-independent) equilibrium. In this

equilibrium, the types (qX , qY ) above the line qY = MXqX/MY write on Y, and the types below this line

write on X.

Weighting citations has three effects: The first effect reflects exogenous differences in the distribution of

q’s across topics. If, for example, there are many types with a high qY but only few types with a high qX ,

then weighting citations naturally reduces inefficiency, because it increases the payoff to writing on topic Y,

and decreases the payoff to writing on topic X. In some extreme cases, it may even reverse the direction of

the flow of researchers, resulting in researchers with an advantage in topic X writing on topic Y. We will not

attempt to quantify this effect; instead, we will consider a setting in which this effect does not appear, and

describe the two remaining, strategic effects.

Specifically, let f ′ be a density on [0, 1]2 that is symmetric across the diagonal, that is, f ′(x, y) = f ′(y, x),

and let f(x, y) = αf ′(x, y) for y > x and let f(x, y) = βf ′(x, y) for y < x, where α(1/2) + β(1/2) = 1.5

Consider an auxiliary scenario under which citations are weighted by w, but the papers on topic X of the

researchers with advantage in Y are assigned the same weight as would be assigned their papers on topic Y.

That is, each such researcher still writes a paper of quality qX , but being cited in that paper is weighted as

it were a paper of quality qY . Of course, quality qY is not publicly observed. One can temporarily interpret

the auxiliary scenario by assuming that papers on X by researchers with an advantage in Y are published in

journals of a higher quality than they deserve. However, we will interpret the auxiliary scenario in another,

more realistic manner in the context of our results.

5 Our results require making only a weaker assumption that

�
1

0




y�

0

w(y)f(x, y)dx



 dy/
�
1

0




y�

0

f(x, y)dx



 dy =

=

�
1

0




x�

0

w(x)f(x, y)dy



dx/
�
1

0




x�

0

f(x, y)dy



dx.
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We will explore the relation between:

• Mo
X/M

o
Y be the equilibrium ratio of the probability of writing on X to the probability of writing on Y

when all citations are counted equally;

• Mw
X/M

w
Y be the equilibrium ratio when citations are counted with weight w;

• Ma
X/M

a
Y be the equilibrium ratio under the auxiliary scenario.

The three superscripts o, w, and a refer to ‘original,’ ‘weighted,’ and ‘auxiliary,’ respectively. We de-

compose the change from Mo
X/M

o
Y to Mw

X/M
w
Y into (i) the change from Mo

X/M
o
Y to Ma

X/M
a
Y , and (ii) the

change from Ma
X/M

a
Y to Mw

X/M
w
Y .

The effect of change (i), from the original scenario to the weighted scenario, depends on how the average

quality of types with an advantage in Y who write on X (under the original scenario with equal weights)

compares to the quality of all types with an advantage in Y. More precisely, we make the following claim:

Claim 1 (a) If the distribution of qY contingent on types with an advantage in Y who write on X first-

order stochastically dominates the distribution of qY contingent on types with an advantage in Y, then

Mo
X/M

o
Y ≤Ma

X/M
a
Y .

(b) Conversely, if the distribution of qY contingent on types with an advantage in Y first-order stochas-

tically dominates the distribution of qY contingent on types with an advantage in Y who write on X, then

Ma
X/M

a
Y ≤Mo

X/M
o
Y .

This claim implies that the auxiliary scenario is less efficient than the original scenario in case (a), and

is more efficient in case (b).

Proof. We will prove the first part of the claim. The second part can be proved by analogous arguments.

The assumption that the distribution of qY contingent on types with an advantage in Y who write on X

first-order stochastically dominates the distribution of qY contingent on types with an advantage in Y means

that
� 1

0






y�

yMY /MX

w(y)f(x, y)dx




 dy/

� 1

0






y�

yMY /MX

f(x, y)dx




dy >

>

� 1

0




y�

0

w(y)f(x, y)dx



 dy/

� 1

0




y�

0

f(x, y)dx



dy.

By symmetry,
� 1

0




y�

0

w(y)f(x, y)dx



dy =

� 1

0




x�

0

w(x)f(x, y)dy



 dx.
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This implies that

Na
Y

Na
X

=

� 1
0




y�

0

w(y)f(x, y)dx



dy − p
� 1
0






y�

yMY /MX

w(y)f(x, y)dx




 dy

� 1
0




x�

0

w(x)f(x, y)dy



dx+ p
� 1
0






y�

yMY /MX

w(y)f(x, y)dx




 dy

<

because

<
Mo
Y

Mo
X

=

� 1
0




y�

0

f(x, y)dx



dy − p
� 1
0






y�

yMY /MX

f(x, y)dx




dy

� 1
0




x�

0

f(x, y)dy



 dx+ p
� 1
0






y�

yMY /MX

f(x, y)dx




dy

.

Thus, gwY (N
a
Y ) < gY (M

o
Y ) = Mo

Y and gwX(N
a
X) > gX(M

o
X) = Mo

X ; this in turn implies that Ma
Y < Mo

Y and

Ma
X >Mo

X .

The effect of change (ii), from the auxiliary scenario to the weighted scenario, is always positive in terms

of efficiency

Claim 2 Mw
X/M

w
Y ≤Ma

X/M
a
Y

This is so simply because the quality of papers of researchers with an advantage in Y who write on X is

lower compared to what it would be if they were writing on Y.

The intuition for the two effects can be explained as follows. In our model, more researchers have, by

assumption, an advantage in X than an advantage in Y. This provides incentives for strategic researchers

with an advantage in Y to write on X; as a consequence, the researchers whose advantage in Y over X is not

too high write on X. This in turn magnifies the incentives for writing on X, and the researchers with an even

higher advantage in Y write on X. This process must stop, however, since the researchers with a sufficiently

high advantage in Y will never write on X. This is a consequence of the presence of partisan researchers.

The incentives for writing on X are magnified more for a strictly increasing function w than for a constant

w if the quality of researchers with an advantage on Y but writing on X is high compared to the population,

and conversely the incentives are magnified less if the quality of researchers with an advantage on Y but

writing on X is low compared to the population. This is the first of the two effects, described above in (i).

In addition, the incentives for writing on X are magnified less with a strictly increasing function w, because

switching topics burns some value in terms of citations compared to a constant w; or in other words, the

positive externality imposed on the researchers writing on X by those who switch from Y to X is diminished.

This is the second of the two effects, described above in (ii).

This discussion is summarized by the following proposition.
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Proposition 5 (a) If the quality qY of researchers with an advantage in Y first-order stochastically domi-

nates the quality of researchers with an advantage in Y who write on X under a constant w, then replacing

a constant w with a strictly increasing w enhances efficiency.

(b) If the quality qY of researchers with an advantage in Y is first-order stochastically dominated by the

quality of researchers with an advantage in Y who write on X under a constant w, then the effect of replacing

a constant w with a strictly increasing w is indeterminate.

In particular, we can conclude that in areas in which researchers of relatively low quality are “shopping”

for topics, putting a higher weight on citations in higher-quality journals enhances efficiency. This is so

because both described effects work in the same direction. In turn, if researchers of relatively high quality

are shopping for topics, then the two effects work in the opposite direction, and the total effect of putting a

higher weight on citations in higher-quality papers is ambiguous.

How may we know whether shopping for topics is positively or negatively correlated with quality? In

the present model, we may never learn about this correlation. However, both in practice and in many richer

models, we often receive independent signals of researchers’ quality.

One might say that if qi is revealed, and payoff schemes other than (1) are allowed, then we can restore

the efficient outcome by compensating researchers for their publications instead of rewarding their citations.

Indeed, if strategic researchers were rewarded in our model according to the quality of journals in which

their papers are published, they would make the same decisions as partisan researchers, and the outcome

would be fully efficient.

However, the quality of journals seems a better measure at the aggregate level than at the individual

level.6 More importantly, as we have already argued, our basic model is not designed for studying a variety

of issues that arise when the researchers’ payoff is a function of the ranking of journals in which their papers

are published.

Finally, it should be mentioned that in our analysis we disregard the fact that journals are typically keen

to publish papers with a higher expected number of future citations, since their ranking depends on the

citations of the papers that they publish. This fact affects our analysis quantitatively, but as far as editorial

decisions also take into account quality, it seems not to affect the analysis qualitatively.

5.3 What does the distribution of citations say about efficiency?

Some fields, even within the same discipline, differ substantially in the distribution of citations across papers.

In some areas, the top numbers of citations are fairly small but are attained by a larger number of papers;

6 More specifically, the possibility of publishing in a journal may strongly reflect the taste and views of the current editors,

which makes it easier to publish certain kind of papers even when their social value is lower. Over time, those tastes and

views are likely to average out (at least to some extent), which makes relying on citations with higher weights assigned to

higher-ranked journals more effective than relying on the ranking of the journal in which a paper is published.
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in other areas, many papers are cited seldom but a few papers are cited very frequently. Therefore, it would

be useful if we could draw some conclusion regarding efficiency only from the distribution of citations.

In our model with two topics per field, the distribution of citations is binomial: the papers on topic X

are cited more frequently, and the papers on topic Y are cited less frequently. Therefore, one can compare

only the differences between the most and the least cited papers, or equivalently, the average numbers of

citations. (Of course, the numbers must be expressed in percents of all citations if we compare fields that

differ in the number of researchers.)

It turns out that, according to our model the least efficient fields are those with moderate average numbers

of citations (or differences between the most and the least cited papers). We will illustrate this conclusion

by the following example.

Example 3. Consider a modified setting from Example 2. As in Example 2, assume that p = 1/2,

i.e., a half of researchers are partisan, while the other half are strategic. Suppose also that the density f

is equal to e−x−y multiplied by a ∈ (0, 1) on {(qX , qY ) ∈ [0, 1]2 : qX < qY }, and multiplied by 2 − a on

{(qX , qY ) ∈ [0, 1]2 : qX > qY }. In Example 2, a = 2/3. The average number of citations (and, similarly, the

difference between the more and the less cited papers) decreases from 1 to 1/2 when a increases from 0 to 1.

As in Example 2, we compute the unique (history-independent) equilibrium, and compute that the

aggregate inefficiency is equal to
2a(a− 1)2
(2− a)2 .

This value initially increases and then decreases, reaching its maximum at a = (5 − 2
√
17)/2, that is, at a

just lower than 1/2.

This modification of the setting from Example 2 corresponds to rising asymmetry across topics (when a

decreases from 1 to 0). The intuition is the following: When a is close to 1, we observe little inefficiency.

Asymmetry creates a negative strategic effect on efficiency; however, rising asymmetry mitigates the strategic

effect, bringing the outcome back to full efficiency when a is close to 0.

Similar conclusions (about inefficiency first increasing and then decreasing) hold true when we modify

the setting from Example 2 in another way, by considering b ∈ (0, 1) the density f which is equal to e−x−y

multiplied by (2/3)/(1 − b) on {(qX , qY ) ∈ [0, 1]2 : b < qX/qY < 1}, and multiplied by (4/3)/(1 − b) on

{(qX , qY ) ∈ [0, 1]2 : b < qY /qX < 1}. This modification corresponds of course to talent becoming more

uniform across topics (as b increases from 0 to 1).

The observation from Example 3 generalizes as follows: Suppose that the fractions of partisan and

strategic researchers are constant across fields. That is, assume that it is not the case that some fields

attract more partisan researchers, while other fields attract more strategic researchers. Suppose instead that

fields differ with respect to asymmetry of topics. For example, in some fields research is focused around some

central topics, while in other fields researchers work on a wider variety of topics. Alternatively, suppose that

in some fields talent is more uniform, while in other fields talent is more topic specific. For example, this
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may be the result of different levels of maturity of fields, and different time investment required to begin

producing valuable research. In both these cases, the lowest efficiency corresponds to intermediate average

numbers of citations. As in Example 3, fields at the extremes (with the lowest or the highest average numbers

of citations) are almost efficient, while the fields in the “middle” are the least efficient. Of course, for some

distributions f it may not be the case that inefficiency monotonically increases until it reaches the maximum,

and then monotonically decreases, as it happened in Example 2. There may be several ups and down as we

move from one extreme to the other.

5.4 Other potential ways of removing or reducing inefficiency

If we could tell topics apart, the inefficiency could be easily removed by comparing citations divided by the

average number of citations on a given topic. However, as we have argued earlier, a very fine classification

of topics would most likely be impractical, and perhaps even impossible. So, this will rather not completely

remove the inefficiency.

One can also argue that the inefficiency would be removed if instead of counting citations (discounted by

the period in which the citation arrived), we would count citations divided by the number of cited papers in

the paper in which the citation appears. This argument is indeed correct for the present version of the model.

This way of counting citations may also affect incentives in practice if papers on trendy topics tend to have

unusually long lists of references. However, determining this correlation is a matter of (future) empirical

research, so we are not drawing any (premature) conclusions here.

Nevertheless, we would simply like to point out that a slightly modified version of our model is consistent

with no correlation, which makes the new way of counting citations just described totally ineffective. For

example, suppose there is a number of neutral topics, on which no researcher from our group writes a paper.

Some other researchers write papers on neutral topics, and they cite only other papers on neutral topics.

Assume also that each paper on X or on Y cites the same number K of past papers by giving priority to

papers on the same topic and then adding enough papers on neutral topics to bring the number of references

cited up to K.

Then the size of the reference lists is the same across topics. Yet the chance of being cited is still affected

by quality and the number of people writing on the topic, in the same way as in the present version of our

model.

6 Dynamic analysis

Up to now, we have been assuming that the distribution of types is constant over time. We will relax this

assumption in the present section. Of course, since there is a huge variety of ways in which the distribution

can change over time, we will not be able to derive any general results. However, some important insight

can be obtained by studying the dynamic evolution of asymmetry across topics without any changes in the
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relative density of types which have an advantage in X, or of types which have an advantage in Y. We will

assume that the distributions have constant fractions of partisan and strategic researchers, but that the

density f over types (qX , qY ) changes over time. More specifically, some constant-over-time density f ′ is

multiplied at time t by an αt on the set {(qX , qY ) : qY > qX}; and on the set {(qX , qY ) : qY < qX} is

multiplied by βt such that αtµ′Y + β
tµ′X = 1.

6.1 Anticipated inflow of ideas on a topic

We will first study the dynamics of research in response to the news that an inflow of ideas is going to occur

at some future date. For example, one may think about the invention of a technology that generates big

data sets. In this case, we may not yet know in which way these data sets can be used, but we can anticipate

that, sooner or later, researchers will find ways of using these data sets to answer important questions.

Some insight will be obtained by studying the process such that µY = µX = 1/2 and αt = 1 in all periods

except period t = T > 1, in which αT = α < 1 (and so, βT = β = 2 − α > 1). Similar insight would be

obtained by studying a more general process such that αt gradually, geometrically increases till time T , and

gradually, geometrically decreases from time T on.7

Since researchers are forward-looking, the decisions of researchers living in periods t = T, T + 1, ... are

fully efficient. They choose the topic whose q is higher. So, MT
X = β, MT

Y = α, and Mk
X = Mk

Y = 1/2 for

k = T +1, T +2, ...; and M
T
X = (1− δ)β(1/2)+ δ(1/2), M

T
Y = (1− δ)α(1/2)+ δ(1/2), and M

k
X =M

k
Y = 1/2

for k = T + 1, T + 2, .... For researchers living in periods k = 1, ..., T − 1, the following holds:

Mk
X = pPr

�
(qX , qY ) : qXM

k+1
X > qY

�
1−Mk+1

X

��
+ (1− p)(1/2), (4)

Mk
Y = pPr

�
(qX , qY ) : qYM

k+1
Y > qX

�
1−Mk+1

Y

��
+ (1− p)(1/2); (5)

and

M
k

X = (1− δ)Mk
X + δM

k+1

X ,

M
k
Y = (1− δ)Mk

Y + δM
k+1
Y .

Thus, Mk
X , Mk

Y , M
k
X , and M

k
Y for k = 1, ..., T − 1 are determined recursively. An argument analogous to

that from the proof of Proposition 1 shows the uniqueness of the (history-independent) equilibrium.

Since MT
X = β > 1 and MT

Y = α < 1, it follows from (4) and (5) that MT−1
X > 1/2 and MT−1

Y < 1/2,

and by recursion, it follows that Mk
X > 1/2 and Mk

Y < 1/2 for k = 1, ..., T − 1.
In one interpretation, the inflow of new ideas on topic X takes place in period T , but strategic researchers

begin switching to topic X from period 1, that is, from the time this inflow is first anticipated. The next

proposition shows that under some condition, this strategic effect is so strong that over time we observe a

7 We conjecture, but have not proved formally, that similar insight could also be obtained for stochastic processes such that

αT decreases to α randomly, and then increases to 1, also randomly.
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declining flow of papers on topic X. That is, the inflow of papers is the largest at the time researchers begin

anticipating the new opportunity, rather than at the time when this opportunity actually becomes available.

Proposition 6 Suppose that

pPr {(qX , qY ) : [(1− δ)α+ δ]/[(1− δ)β + δ]qY < qX < qY } > β − 1/2. (6)

Then, Mk
X >Mk+1

X for all k = 1, 2, ..., T − 1.

So, the anticipated inflow of ideas on a topic is always preceded by an inflow of papers on this topic.

And Proposition 6 shows that the number of papers on the topic written before the inflow of ideas occurs

may even exceed the number of papers written at the time the inflow of ideas occurs. The extreme scenario

described in Proposition 6 is more likely to take place in fields in which talent is uniform across topics,

because Condition (6) requires that a sufficiently large mass of types (qX , qY ) be concentrated close to the

diagonal, and, more precisely, in the region {(qX , qY ) : [(1− δ)α+ δ]/[(1− δ)β + δ] qY < qX < qY }.
Intuitively, the anticipated inflow of papers on topic X in period T provides incentives to researchers

living in period T − 1 for writing on X. And if there are many researchers affected by these new incentives,

researchers living in period T −2 are provided even stronger incentives for writing on X. As a result, stronger

incentives are transmitted to earlier periods.

Proof. The probability of writing on topic X in period T exceeds 1/2 by β − 1/2. In period T − 1, the

probability of writing on topic X is

pPr {(qX , qY ) : qX [(1− δ)β + δ] > qY [(1− δ)α+ δ]}+ (1− p)(1/2),

because M
T

X = (1− δ)β(1/2) + δ(1/2) and M
T

Y = (1− δ)α(1/2) + δ(1/2).
This number exceeds 1/2 by

p[Pr {(qX , qY ) : qX [(1− δ)β + δ] > qY [(1− δ)α+ δ]} − 1/2].

Now, the result for k = T −1 follows from 1/2 = Pr {(qX , qY ) : qX > qY }. By backward recursion, the result

extends to k = 1, ..., T − 2.

Finally, we modelled an inflow of ideas as an uniform increase of density across types (qX , qY ) such that

qX > qY . One could also think of a breakthrough which consists of a number of very good ideas on topic X,

that is, the ideas with high qX ’s. In such a case, not only is the number of papers in periods preceding the

breakthrough is higher, but also their average quality falls below the average quality of papers at the time

the breakthrough actually occurs.

6.2 Assigning different weights to citations in different periods

There seem to be good reasons to believe that citations are a better signal of quality (social value) for older

than for newer papers. For example, immediate citations may be more a result of current fashion, or the
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authors’ position in the profession, and thus may be less correlated with actual quality. In addition, social

value is better assessed only after some time. Our model is in fact based on this view.

In this section, we address the question as to whether it would be more efficient to assign lower weights

to citations in papers that appear shortly after a cited paper, and higher weights to citations in papers that

appear long time after the given paper.

To make the analysis simple, we will consider only symmetric Markov processes, and will restrict attention

to symmetric equilibria. More specifically, let f be a density over types (qX , qY ) symmetric across the

diagonal. That is, f(qX , qY ) = f(qY , qX), in particular, µX = µY = 1/2. For t = 1, 2, ..., let αt = α < 1 or

2 − α > 1; note that α(1/2) + (2 − α)(1/2) = 1. If αt = α, then αt+1 = α with probability θ > 1/2, and

αt+1 = 2−α with the complementary probability of 1−θ. Symmetrically, if αt = 2−α, then αt+1 = 2−α with

probability θ, and αt+1 = α with probability 1−θ. The density f t in period t on the set {(qX , qY ) : qY > qX}
is equal to f multiplied by an αt, and on the set {(qX , qY ) : qY < qX} is equal to f multiplied by 2 − αt.

That is, if αt = α, there are more researchers with an advantage in topic X, and if αt = 2 − α, there are

more researchers with an advantage in topic Y.

In order to conduct our analysis, we must generalize some concepts and results of our basic model to

the present dynamic setting. As in Section 3, we restrict attention to equilibria in which the strategies are

independent of the past choices of other researchers. However, we assume that researchers learn about the

current state of the Markov process, and are allowed to condition their choices on this state. Let M t,j
i be the

expected fraction of researchers who choose topic i in period t, when in period t there are more researchers

with an advantage in topic j. Given the strategies of researchers living in periods t, t+ 1, ..., let

M
t,X

i = (1− δ)
∞�

n=t

δn−tEtM
n,jn
i ,

where Et denotes the expected value taken at time t of Mn,jn
i , which depends on the state jn of the Markov

process in period n. That is, M
t,X

i is the occupation measure of topic i starting from time t, when in period

t there are more researchers with an advantage in topic X. One can define M
t,Y
i analogously. Obviously, we

have that M t,j
X +M t,j

Y = 1 and M
t,j
X +M

t,j
Y = 1 for j = X,Y .

We call strategies symmetric (across topics) if, whenever a researcher of type (qX , qY ) chooses topic X

(topic Y ) in state j = X, then a researcher of type (qY , qX) chooses topic Y (topic X) in state j = Y .

In this case, we also have that M t,X
X = M t,Y

Y , M t,X
Y = M t,Y

X , and M
t,X

X = M
t,Y

Y , M
t,X

Y = M
t,X

Y . For any

stationary strategies, M t,j
i and M

t,j
i are independent of t. If strategies are symmetric and stationary, we

denote M
t,X

X =M
t,Y

Y by M+ and M
t,X

Y =M
t,Y

X by M−. Of course, M+ +M− = 1.

Finally, let

g+(M+) = (1− δ)[pPr{(qX , qY ) : qX [θM+ + (1− θ)(1−M+)] > qY [θ(1−M+) + (1− θ)M+]}

+(1− p)(1− α/2)] + δ[θM+ + (1− θ)(1−M+)]
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and

g−(M−) = (1− δ)[pPr{(qX , qY ) : qX [θ(1−M−) + (1− θ)M−] < qY [θM
− + (1− θ)(1−M−)]}

+(1− p)(α/2)] + δ[(1− θ)(1−M−) + θM−],

where operator Pr refers to the distribution with density f multiplied by α on the set {(qX , qY ) : qY > qX},
and multiplied by 2− α on the set {(qX , qY ) : qY < qX}.

We now make the following assumption (which is similar to Assumption 1 in Section 3):

Assumption 2. Function g+ has a unique fixed point.

Since M++M− = 1, it follows that g+(M+)+ g−(M−) = 1. It would therefore be equivalent to assume

that function g− has a unique fixed point. Notice that both g+ and g− always have a fixed point, since each

of them is continuous, exceeds 0 at 0 and falls below 1 at 1. The following proposition characterizes the

symmetric equilibria under Assumption 2. Its proof is analogous to the proof of Proposition 1.

Proposition 7 The model has a unique symmetric (history-independent) equilibrium. This equilibrium is

stationary. In the equilibrium, M+ is the fixed point of g+. A researcher living in a period in which the

state of the Markov process is X (is Y) chooses topic X when M+qX > M+qY (when M−qX >M−qY ), and

chooses topic Y when the opposite inequality holds.

We can now address our question. We use an increase in the discount factor δ to model the higher weights

assigned to citations in papers that appear in more remote periods.8

Proposition 8 The unique fixed point M+ of g+ decreases (and thus the unique fixed point M− of g−

increases) when δ increases. This means that the unique symmetric equilibrium becomes more efficient.

Proof. Rewrite equation M+ = g+(M+) as

[1− δθ + δ(1− θ)]M+ − δ(1− θ)
1− δ = pPr+(1− p)(1− α/2), (7)

where Pr := Pr{(qX , qY ) : qX [θM+ + (1− θ)(1−M+)] > qY [θ(1−M+) + (1− θ)M+]}, by first subtracting

from equation M+ = g+(M+) expression δ[θM+ + (1 − θ)(1 −M+)], and then dividing the equation so

obtained by (1− δ). Since, by Assumption 2, M < g+(M) for M <M+ and M > g+(M) for M >M+, the

8 Our modelling approach is as follows: Let r be a (constant over time) ratio of the weight of a citation made n+ 1 periods

after a given paper has appeared to the weight of a citation n periods after. Further, let w be the weight of an immediate

citation. Then, the payoff of a strategic researcher is

(1− δ)
∞�

n=1

wδnrnτn =
w(1− δ)

(1− δ/)
(1− δ/)

∞�

n=1

(δ/)nτn,

where δ/ = δr. Normalizing this payoff by w(1− δ)/(1− δ/), which bears no loss of generality as only relative payoffs matter

in the present analysis, we obtain that raising the ratio r is equivalent to raising the discount factor δ/.
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graph of the LHS of (7) intersects the graph of the constant RHS of (7) at the unique fixed point M+ from

below to above.

Notice further that the RHS of (7) is independent of δ, while the derivative of the LHS of (7) is positive

in δ for all M+. This means that the point M+ at which the graph of the LHS intersects the graph of the

RHS decreases when δ increases.

Proposition 8 captures the intuition that by assigning a higher weight to citations in papers which appear

in more remote periods, we remove the incentives coming from current trends, i.e., choosing the topic that

others currently choose. And this provides incentives for choosing what is likely to have more social value.

One may also be tempted to address the more general mechanism-design question of characterizing the

optimal intertemporal pattern of weights. We find this question interesting and important, but obtaining

any reasonable insight requires assuming a more concrete payoff function. We view (1) from Section 2 as

a “first-order” approximation of researchers payoffs. In practice, researchers are not directly interested in

maximizing citations of their papers, but in other goals which can be partially achieved by means of a higher

number of citations. In particular, our analysis is rather "local"; changing δ by a little makes sense, but

studying deltas of an arbitrary value makes no sense. One should instead assume that the marginal payoff

of a citation diminishes with the number of previous citations, even within a period.

We conjecture that in such a richer model there would exist an optimal moment from which we should

count citations. The reason is that delaying this moment makes the choice of topics more efficient; however,

doing so also reduces the incentives for conducting any research at all, at least in a model in which researchers

face some cost of conducting research and have the option of not conducting any research at all.

7 Extensions

In the present paper, we opted for a basic model with only two topics. This model captures the trade-off

between pursuing quality research and studying trendy topics. We believe that this trade-off is fundamental

in all settings with strategic researchers seeking citations. However, since many features of such settings have

been omitted, the model has numerous possible extensions. In a version of the model with more than two

topics, stationary equilibria may induce interesting configurations, and other history-independent equilibria

may exhibit interesting dynamic patterns.

One important extension would have new topics arriving over time, possibly with other topics becoming

obsolete. Numerous intriguing questions could be addressed in such an extension. For example, what types

of researchers would be most keen on advancing new ideas, which go beyond the existing paradigms? What

kind of dynamics would emerge? Would the innovation rates be efficient? Designing such a setting requires

a theory of topic arrivals, taking a position on their social value, and specifying the ways in which the

distribution of researchers’ types evolves with topic arrivals. This more ambitious and more difficult task is

left for future papers.
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Our theory assumes that papers are rather independent objects. It seems more realistic that new papers

build on the existing papers. This is, for example, a standard approach in the recent literature on innovation

and patents. So, it would be another important extension, and a promising direction of future research, to

incorporate closer relations between various papers.

One could also consider relaxing some of our strong assumptions. For example, the distribution of

researchers’ types and the social values of ideas may in practice be stock-dependent, with early research

conducted by a few pioneers having little value by itself, but inspiring lots of later research with more

substantial value added, until their original ideas become exhausted and their value becomes marginal. It

could also be true that the execution of more socially valuable projects may take more time; this may suggest

that it would be socially desirable to pay attention only to a few the most highly cited papers of an individual

researcher.
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9 Appendix

9.1 A characterization of history-independent equilibria

The following proposition characterizes the equilibria of our basic model in the general case, without making

Assumption 1.

Proposition 9 In any equilibrium,

M
t

i = (1− δ)gi(M
t+1

i ) + δM
t+1

i , (8)
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the sequence (M
t
i)
∞

t=1 monotonically increases or decreases, and converges to a fixed point Mi of function gi.

Proof of Proposition 8: Notice that the payoff of a strategic researcher with type (qX , qY ), living

in period t, from writing on topic i is δqiM
t+1
i . Therefore, the expected fraction of researchers who choose

topic i = X,Y in period t is given by M t
i = gi(M

t+1

i ). Thus, by definition, M
t

i and M
t+1

i must satisfy (8).

It follows immediately from definitions that if M
t+1
i > M

t+2
i , then M t

i > M t+1
i and M

t
i > M

t+1
i ; and

if M
t+1
i < M

t+2
i , then M t

i < M t+1
i and M

t
i < M

t+1
i . Therefore, sequence (M

t
i)
∞

t=1 must be increasing or

decreasing. In either way, the sequence must converge to a number between 0 and 1. By definition, so does

sequence (M t
i )
∞

t=1, and the limit of these sequences must be a fixed point Mi of gi.

This completes the proof.

Clearly, any sequence (M
t
i)
∞

t=1 that satisfies equation (8) determines the following equilibrium: A re-

searcher living in period t chooses topic X when M
t+1
X qX >M

t+1
Y qY , and chooses topic Y when M

t+1
Y qY >

M
t+1
X qX ; when M

t+1
X qX = M

t+1
Y qY (which event has probability 0), a researcher living in period t is indif-

ferent between the two topics. In addition, any sequence (M
t
i)
∞

t=1 that satisfies equation (8) is monotonic,

increasing or decreasing, so it converges to a fixed point of gi.

Thus, Proposition 8 provides a complete characterization of history-independent equilibria.

In Figure 5, we depict a sequence (M
t
i)
∞

t=1 such that the equilibrium determined by this sequence is

not stationary. To construct such a sequence, we start from any point M
1

i higher than some fixed point of

(1−δ)gi(M)+ δM , and such that the graph of (1− δ)gi(M)+ δM at M
1

i lies above the diagonal. This point

determines M
2

i by equation (8). At M
2

i the graph of (1−δ)gi(M)+δM still lies above the diagonal, and M
2

i

lies between M
1

i and the fixed point of (1− δ)gi(M)+ δM which is the closest to M
1

i from the left. This M
2

i

in turn determines M
3

i , and recursively, the remaining elements of the sequence. The sequence converges to

the fixed point of (1− δ)gi(M) + δM (and thus a fixed point of gi(M)) which is the closest to M
1

i from the

left.

In fact, we can construct all equilibria either in the above way, or by starting with any point M
1

i lower

than some fixed point of (1−δ)gi(M)+ δM , and such that the graph of (1− δ)gi(M)+δM at M
1

i lies below

the diagonal.
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 the graph of (1-δ)gi(Mi)+δMi 

Mi
3  Mi

2  M i
1
 

Figure 5. The construction of a nonconstant sequence (Mi
t)t=1

∞ satisfying the conditions 
of Proposition 8



Finally, we provide the proof of Proposition 1.

Proof of Proposition 1: In a stationary equilibrium, M
t
i and M

t+1
i are equal to Mi. Equation

(8) therefore reduces to Mi = gi(Mi). By Assumption 1, this implies the uniqueness of the stationary

equilibrium. To complete the proof of Proposition 1, we must show that under Assumption 1 the model has

no (history-independent) equilibrium other than the stationary equilibrium determined by the fixed points

MX and MY .

Suppose that M
t+1
i for some t is higher than the unique fixed point Mi. Since the graph of gi intersects

the diagonal only once from the left to the right, it follows from (8) that M
t

i < M
t+1

i , and therefore sequence

(M
t
i)
∞

t=1 increases, and cannot converge to Mi. Similarly, if M
t+1
i for some t falls below the unique fixed

point Mi, then it must be that M
t
i >M

t+1
i , and therefore sequence (M

t
i)
∞

t=1 decreases, and cannot converge

to Mi. Thus, M
t+1
i = Mi for all t, and so does M

1

i . As a result, the equilibrium coincides with the unique

stationary equilibrium.

9.2 History-dependent equilibria

In this subsection, we informally describe a history-dependent equilibrium. To provide a simple example,

assume that the distribution of types f is symmetric across the diagonal; this implies, in particular, that

µX = µY . Assume also that only one researcher lives in every period.

The strategies are defined as follows: If all researchers in the past have chosen topic X, then the researcher

living in the current period chooses topic X when qX/qY > γ for some γ < 1, and chooses topic Y when

qX/qY < γ. Similarly, if all researchers in the past have chosen topic Y, then the researcher living in the

current period chooses topic Y when qY /qX > γ, and chooses topic X when qY /qX < γ. If in the past

there were researchers writing on X, as well as researchers writing on Y, then the strategic researchers living

in the current period choose the topic in which they have an advantage, that is, they behave as partisan

researchers. Similarly, the strategic researchers living in the first period behave as partisan researchers.

These strategies are an equilibrium, for some distributions f , since the researchers with a small disad-

vantage in i, i = X,Y , are still willing to choose i, if all past choices were i, since they expect that more

than half of researchers will choose i in the future. The distribution f must be such that there is a sufficient

mass of types close to the diagonal qY = qX to ensure that the researchers with a small disadvantage in i

who write on i provide sufficient incentives for writing on i to such researchers from earlier periods.

In turn, contingent on any mixed past choices, players play a symmetric stationary (history-independent)

equilibrium. Obviously, the player living in the first period is indifferent between the two choices.
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