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Abstract

Researchers strategically choose where to submit their work
in order to maximize its impact, and these publication de-
cisions in turn determine venues’ impact factors. To ana-
lyze how individual publication choices both respond to and
shape venue impact, we introduce a game-theoretic frame-
work—coined the Publication Choice Problem—that cap-
tures this two-way interplay. We show the existence of a pure-
strategy equilibrium in the Publication Choice Problem and
its uniqueness under binary researcher types. Our characteri-
zations of the equilibrium properties offer insights about what
publication behaviors better indicate a researcher’s impact
level. Through equilibrium analysis, we further investigate
how labeling papers with “spotlight” affects the impact fac-
tor of venues in the research community. Our analysis shows
that competitive venue labeling top papers with “spotlight”
may decrease overall impact of other venues in the commu-
nity, while less competitive venues with “spotlight” labeling
have a opposite impact.

Full version —
https://haichuan23.github.io/files/pub-choice- full.pdf

Dataset — https://github.com/Haichuan23/Pub-choice-data

1 Introduction

How to choose publication venues is a strategic choice
of researchers because they derive rewards from publica-
tions—particularly in prestigious venues—which are central
to a research career. As a result, researchers are often ratio-
nal about their publication strategies in response to venue
impacts. In turn, the average impacts of publication venues
are also subject to the strategic behaviors of researchers and
can co-evolve over time with such behaviors. For instance,
the rising popularity of machine learning conferences has
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been associated with a perceived decline in the average im-
pact of publications. Consequently, researchers might in-
stead choose smaller conferences that are considered more
selective and more impactful.

Inspired by the feedback loop in the job market signal-
ing game (Spence 1978), we propose the Publication Choice
Problem and analyze its dynamics and equilibrium. The
game consists of a continuum of researchers (agents) and
a set of publication venues, defined as follows.

* Researchers (agents). Each researcher in our model is a
principal investigator (PI), parameterized by a type rep-
resenting impact level and endowed with a uniform time
budget. The type captures the researcher’s productivity,
research taste, etc., which we assume is determined by
a researcher’s past actions and does not vary over the
time considered in our model. The uniform time bud-
get assumption reflects that PIs generally have a similar
amount of time available for research. Students help con-
vert the PI’s time into publications. A large group of stu-
dents does not increase the PI’s time budget but reduces
her publication costs.

* Publication venues. Each venue has a venue impact and
an intrinsic competitiveness level that reflects on the cost
of a publication for each researcher type on the venue.
The venue impact is defined as the weighted average of
researcher types who publish papers on the venue. The
publication cost captures the publication venue’s accep-
tance rate, location, preference over topics, etc., and does
not vary over the time considered in our model.

Researchers strategize to gain utility from publishing in
high-impact venues. The utility of the researcher can result
from the recognition of her paper by a venue where high-
impact type researchers publish. Each researcher solves a
utility maximization problem, with the actions being the
number of publications in each venue, and subject to the
constraint of total time budget. For example, consider an
Publication Choice Problem with two venues, venue 1 and
2. The researcher observes impacts of the two venues as
vy = 0.2 and v = 0.7. Assuming the researcher uses up



her time budget, she can choose to publish either (A) 3 pa-
pers on venue 1 and 1 paper on venue 2, or (B) 1 paper on
venue 1 and 2 papers on venue 2. The utility gained from
strategy (A) is lower than that of strategy (B), leading the
researcher to prefer the latter.

# publications

venue 1 | venue 2 Utility
Impact 0.2 0.7
Action 1 3 1 3-024+07=1.3
Action 2 1 2 2:-074+02=1.6

Table 1: The utility of two actions. Each action is a vector of
the number of publications (# publications) on each venue.

Upon observing venues’ impacts from the last round,
the researchers modify their publication strategies. In each
round in our model, researchers simultaneously choose the
number of papers to publish in each venue upon observing
the impact factor of all the venues. After all researchers pub-
lish their papers, the impact of each venue is updated to
the average type of researchers who publish in that venue.
These updates are then observed by the researchers in the
next round. An equilibrium is reached if venue impacts do
not change over rounds, i.e., when venue impacts align with
researcher actions.

By modeling and analyzing the Publication Choice Prob-
lem, we are able to reveal the effect of researchers’ strategic
publication behaviors on the publication venues’ impact. We
summarize our main results as below.

Equilibrium Existence A pure-strategy equilibrium al-
ways exists (Proposition 3.3). Moreover, under the
binary-type setting (researchers are either high-impact or
low-impact), there exists a unique pure-strategy equilib-
rium (Theorem 4.1).

Indicators of researcher’s impact level The total number
of publications is not monotone in researcher’s impact
(Proposition 3.4). However, the number of publications
on the best venue is monotone in researcher’s impact
(Theorem 3.1).

Spotlight Labeling When a venue labels some papers as
“spotlight” papers, there exists a threshold effect on the
venue impact (Theorem 4.3): a less competitive venue
improves the impact of all venues by setting up spotlight
labeling, while a more competitive venue decreases the
impact of all venues. In fact, the spotlight papers divert
the impact in a research community from regular venues
to the special spotlight papers, thus reducing overall im-
pacts.

The rest of the paper proceeds as follows. In Section 2, we
introduce the model of Publication Choice Problem. In Sec-
tion 3, we characterize equilibrium properties. Section 3.1
analyzes the best-response dynamic. Section 3.2 introduces
our key assumption on publication costs, provides justifica-
tion for it, and offers sanity checks of the model. Section 3.3
shows the equilibrium properties, including the existence of
an equilibrium and the signaling effect of publication num-
bers in researcher types. We focus on the binary-type setting

in Section 4. We are able to show the equilibrium uniquely
exists in Section 4.1. With the equilibrium uniqueness, in
Section 4.2, we focus on the venue organizer’s spotlight de-
sign problem and examine how switching to spotlight label-
ing may change the equilibrium outcome. In Section 5, we
summarize our contribution and discuss future work.

1.1 Related Work

The Science of Science. Our paper contributes to the “sci-
ence of science” literature, which studies the science of
research publication such as quantifying research impacts
(Wang, Song, and Barabasi 2013; Frank et al. 2019; Perry
and Reny 2016), designing better review systems (Su 2021;
Zhang, Schoenebeck, and Su 2024; Stelmakh, Shah, and
Singh 2021a; Lipton and Steinhardt 2019; Aziz, Micha,
and Shah 2023; Boehmer, Bredereck, and Nichterlein 2022;
Fromm et al. 2021; Payan and Zick 2022) and understand-
ing incentives/competition in academia (Zhang et al. 2022;
Heckman and Moktan 2020; Ductor et al. 2020; Manzoor
and Shah 2021; Stelmakh, Shah, and Singh 2021b). There
exists an extensive literature that models strategic behavior
in research publication and attempts to understand and im-
prove peer review processes (Zhang et al. 2022; Shah 2021;
Wu et al. 2024; Zhang, Schoenebeck, and Su 2024; Stel-
makh, Shah, and Singh 2021a; Lipton and Steinhardt 2019;
Wright, Thornton, and Leyton-Brown 2015; Jecmen et al.
2020; Meir et al. 2021). Our work also studies strategic be-
havior, but our focus is mainly on the impact on the research
community with multiple publication venues. Along this
line, the most relevant to us is the concurrent work of Ductor
et al. (2020), which similarly studies the evolution of publi-
cation venues in a research community. However, the goal of
Ductor et al. (2020) is completely different from ours, hence
their detailed modeling. Motivated by publication conven-
tions in economics, Ductor et al. (2020) study the evolution
of a research community with a single general-purpose pub-
lication venue and several field venues. However, motivated
by the publication patterns in machine learning (or Al, gen-
erally), our work does not focus specifically on the impact
of a general-purpose venue'. Instead, our model considers
the impact tiers of different venues, which applies to publi-
cation patterns in a general research field, such as sub-fields
in computer science and economics. Despite similarities in
some model components (e.g., the two-side model structure
and venue quality modeling), on modeling choice, Ductor
et al. (2020) models discrete submission strategy of general-
purpose or field venues, with multiple equilibria arising from
this discrete strategy space. Our work models the submis-
sion numbers to different venues as a vector in a continu-
ous submission space. We are thus able to characterize the
closed-form best response. Besides, the data sets and techni-
cal results are different.

Large Population Games. Our Publication Choice Prob-
lem is a game with a large population, which has been
studied in multiple research fields including mean field
games (Lasry and Lions 2007; Aumann 1975; Lauriere et al.

"ML conferences include diverse topics, making research fit-
ness less important for Al researchers.



2022; Perrin et al. 2020) and (non-atomic) congestion games
(Milchtaich 1996; Friedman 1996; Blonski 1999; Rough-
garden and Tardos 2004). Conceptually, of particular rele-
vance is the congestion games where too many players pick-
ing a certain action will render that action bad due to con-
gestion. Our Publication Choice Problem bears some simi-
larity but differs fundamentally in at least two key aspects,
which renders techniques in congestion games (e.g. poten-
tial function) inapplicable to our problem. First, the utility
from each venue does not depend on the total number of
players but rather on their average impact. Second and more
importantly, Publication Choice Problem allows heteroge-
neous player types while congestion game does not.

2 A Model of Publication Choice

Conventional Notations. Throughout the paper, we use the
following conventional mathematical notations. For any ma-
trix a € R™*", we use a; € R" to denote i-th row
vector and a.; € R™ to denote the j-th column vec-
tor. The “-” is used for inner product of vectors, whereas
“®” is for the Hadamard (entry-wise) product, i.e., a ©®
b = (a1b1,as2bs,---). For notational convenience, we of-
ten write inner product as a - b without explicitly using the
transpose notation.

We consider a game with a unit of continuum researchers
and finitely many publication venues, denoted by set V' =
{1,---, k}. Any researcher is characterized by a rype 6 € R,
the researcher’s impact factor, determined by her publica-
tion history, research taste, productivity, etc. Let © C R
denote the set of all possible researcher types, which is
assumed to be discrete. A generic researcher type is de-
noted as §; € © and has mass p(6;). We sort the param-
eters 61 < 0y < --- < 0, increasingly. We assume a re-
searcher’s type 6; does not change over the short term con-
sidered in our Publication Choice Problem, an assumption
justified by a simulation in which we initialize the venues’
impact at 50 random starting points. In all cases, the sim-
ple best-response dynamics converge rapidly—within only
a few iterations—to the equilibrium of the game (Table 2).
The full experimental setup is described in Appendix A.4.

# Rounds to Convergence | 4 5 6 7
Proportion 2% | 8% | 86% | 4%

Table 2: Rounds before converging to equilibrium.

We consider symmetric strategies in the sense that any
two researchers of the same type select the same publica-
tion strategy. Let vector a; € R¥ denote type 6;’s strategy
profile, where each entry a; ; is the number of publications
that a type 6; researcher publishes on venue j. We write the
strategy of all researcher types as matrix a.

In our model, a venue impact is tied to the types of re-
searchers who publish on the venue. Before reading each
paper in detail, the community tends to pay attention to
venues which high-impact researchers publish on. Thus, un-
der strategy profile a, the venue impact v; is modeled as the

weighted average type v; = % of researchers who

publish on venue j, where researcher types are weighted by
their number of publications on venue j.

We model the cost for researcher ¢ to publish one paper
on venue j as ¢; ;. Venues are sorted by their competitive-
ness in publication. Naturally, a more competitive venue is
assumed to have a higher publication cost for every type of
researchers.? Thus, ¢; ; increases in venue index j for each
researcher of type .

A Publication Choice Problem hence is specified by a tu-
ple (V, ©, u, ¢), with meanings summarized below.

0= (6;); researcher types (impact factors)
p = (u;); | density on each type ¢ in the community
= (a;,j)i,; | type ¢’s num of publications on venue j
c=(c;;)i; | type s costof publication on venue j
v = (vj); average impact of each venue j

Table 3: Notations for an Publication Choice Problem.

The researcher derives utility from publishing on venues
with higher impacts. Formally, fixing venue impacts v, the
researcher of type 6; publishes a@; = (a; ;); on each venue
j and gains utility u,;(a;,v) = (af - vﬁ)%. Following an
axiomatic characterization about how to count research im-
pact due to Perry and Reny (2016), we assume the util-
ity function takes the form of a S-norm. Specifically, Perry
and Reny (2016) proves that if a researcher’s impact func-
tion over publications satisfies monotonicity, independence,
depth relevance, and scale invariance, then the only function
format is the S-norm on the vector of citation numbers. Pa-
rameters «, $ decide the marginal utility gained from a pub-
lication and are homogenous across researchers. In the util-
ity function, aj' captures how a researcher normalizes and
counts publications, while v” calculates the utility gained
from each publication count. We make the following natural
assumptions on parameters «, J3:

* a € (0, 1), meaning that the researcher normalizes publi-
cation counts on the same venue in a marginally decreas-
ing way.

* 3 > 1, meaning that the utility v* from one publication
count is marginally increasing in the venue impact. The
reason for this is that a researcher is known for and typi-
cally cares more about her most impactful works.

Best Responses. Upon observing venue impacts v, re-
searchers strategize to maximize the utility from publica-
tion. The publication game in real life evolves dynamically:
the researchers observe the venue impacts from the previ-
ous round and decide their publication strategies for the cur-
rent round; the venue impacts are updated from researchers’
strategies and are observed again; a new loop of researcher
best response starts. We define the best response for each

2We do not model paper acceptance or rejection in our model.
When the acceptance/rejection decision is less random, the cost
is naturally deterministic. When the acceptance/rejection decision
shows a higher degree of inconsistency and arbitrariness, such as
in NeurIPS (Cortes and Lawrence 2021), the cost captures the ex-
pected cost for one publication. As long as the researcher pays
enough cost to surpass the venue’s basic quality requirement, she
can exploit the randomness in acceptance by submitting the same
paper to similar venues until the paper gets accepted.



researcher: fixing the venue impacts, each researcher ¢ opti-
mizes her publication utilities, subject to a total cost budget
constraint, in Program (1). We normalize the time budget of
all researchers to 1. Note that this normalization also works
for PIs with a large research lab, since a larger lab does not
increase the PI's budget but lowers publication cost.>

Irllzaiux al - P st.a;-¢; <1 )
The Equilibrium. We study the following natural equi-
librium concept with a continuum of researchers, adapted
from (Mas-Colell and Vives 1993). With a continuum of re-
searchers, the venue impacts are unaffected by any single re-
searcher’s strategy. The equilibrium condition requires that
when all researchers are best responding, their strategies are
consistent with the venue impacts. An equilibrium can be
viewed as a fixed point in the dynamic loop consisting of
best responses.

Definition 1 (Equilibrium with a Continuum of Re-
searchers). For any Publication Choice Problem
(V,©,u,¢) , an action profile a = {a;;}:; and venue
impacts v are a pure-strategy equilibrium if they satisfy the
following two conditions:

* [Best Response] The strategy a; of any type-8; re-
searcher is a best response, i.e. solves Program (1).

¢ [Consistency of Venue Impact] The venue impacts are
consistent with researchers’ strategies:

(a:*,j ©p)-0

v, = ————
’ (aijQIJ’)'l

for any venue j 2)

3 Properties of Publication Choice Problems

We analyze the equilibrium properties of the Publication
Choice Problem. In Section 3.1, we derive the closed form
of the best response problem for each researcher. In Sec-
tion 3.3, we derive properties of Publication Choice Problem
at equilibrium.

3.1 Characterizing Researchers’ Best Responses

We start by characterizing a researcher’s best response to
the venue impacts as a solution to Program 1. As shown in
Lemma 3.1, in the best response strategy of each researcher,
the published amount of papers is proportional to 1) the util-

T—a

ity v of publication count on each venue, and 2) the

1 . . .
marginal cost (¢; ;) == of one normalized publication count
ag'; in utility.

Lemma 3.1. Let v be the venue impact vector. Then the best

response of any researcher of type 0; can be characterized
in closed-form as follows:

1
— 1—a

(cij)oT U

Gij = T s

L1-
C, (e

The proof of Lemma 3.1 derives the closed form solution
for Program 1 and is deferred to Appendix B.1.

3Program (1) admits the same optimal solution as when the ob-

1
jective is the utility (a$ - v°)7 .

3.2 Natural Properties and Model Sanity Check

As a warm-up, this subsection exhibits a few natural prop-
erties of the equilibrium hence also serves as a sanity check
for the validity of our model above before we dive into more
evolved analysis afterwards.

Before analyzing the equilibrium of the Publication
Choice Problem, we introduce the following key assump-
tion, the Monotone Cost Ratio (MCR). Specifically, we as-
sume the relative cost between a low type and a high type
increases at higher/better venues.

Assumption 1 (Monotone Cost Ratio (MCR)). The cost ra-
tio between a low type and a high type increases with the
venue index j, i.e. for all l;ypes 0; < 0, of researcher, and
all venues j < j’, c”, < =

C;t ],

Intuitively, the MCR assumption means that high-type re-
searchers gain more relative advantage on more selective
publication venues. This is a widely adopted assumption in
principal-agent problem (Jehle and Reny 2011) and mech-
anism design (Bergemann and Viliméki 2002) to describe
the advantage of a more skilled agent. In these economic
applications, MCR is assumed to capture the intuition that
a higher or more qualified agent type will have increas-
ing advantage in generating higher-quality outcomes/prod-
ucts (sometimes also known as Monotone Likelihood Ratio,
or MLR, when exerted cost leads to ordered probabilistic
outcomes). Notably, MLR is a widely adopted assumption
in economic applications (see, e.g., the textbook (Jehle and
Reny 2011)) and even motivated much statistical study on
testing MLR properties (Karlin and Rubin 1956).

The following Proposition 3.2 shows that the MCR prop-
erty may be an intrinsic reason that different publication
venues often end up having different average impact in re-
ality — if the ratio f% was the same on different venue

J, then all venues will have the same average impact at any
equilibrium of the game.

Proposition 3.2. Suppose the cost ratio -+ = c(i;i’) is
LAV
a constant that is independent of the venue v;. Then the

Publication Choice Problem admits a unique equilibrium in
which all venues have the same average impact.

The proof of Proposition 3.2 is deferred to Appendix B.2.

Before proceeding to the main equilibrium analysis, we
highlight several natural properties that a reasonable model
of publication choice should satisfy. These results serve as
a sanity check for our modeling assumptions; formal state-
ments and proofs are deferred to Appendix B:

* Monotone venue impacts Under Assumption 1, more
competitive venues receive higher impact when all re-
searchers best respond to the observed venue impacts
(See Proposition B.2 in Appendix B.3).

* Scale invariance of costs Scaling the entire cost matrix ¢
by the same positive factor leaves the equilibrium impact
unchanged (See Observation B.5 in Appendix B.4).

* Asymmetric growth of types In the binary-type setting,
increasing the density of high-type researchers raises the
equilibrium impact of all venues; increasing the density
of low-type researchers lowers it (See Appendix B.7).



3.3 Equilibrium Existence and Their Properties

We now turn to prove the general existence of an equilib-
rium and its various properties. Moreover, we show that the
number of publications on the top venue is monotone in re-
searcher impact type. However, the total number of publica-
tions across all venues is not necessarily monotone — that
is, there exist simple instances where a researcher with lower
impact has a larger number of publications in total.

We start our study by showing the existence of equilibria.

Proposition 3.3. Every Publication Choice Problem admits
a pure-strategy equilibrium.

The proof of Proposition 3.3 is deferred to Appendix B.5.

Our main finding of this subsection is the following prop-
erty which shows that the number of publications in the
most competitive venue is indeed monotonically increasing
in a researcher’s type and, moreover, this property holds in
a much stronger sense than merely at equilibrium. That is,
it holds for any a = argmax, 0. q4..c,<1(a;)® - v” that
is a best response to some venue impact vector v, regard-
less v is an equilibrium vector or not. This in some sense
justifies why some of the popular ranking systems (e.g., the
csrankings.org) choose to rank institutes’ impact based a se-
lected set of top venues. Recall that Proposition B.2 says the
most competitive venue coincides with the venue with the
highest impact. The proof of Theorem 3.1 is deferred to Ap-
pendix B.9.

Theorem 3.1. Under Assumption 1, consider any venue im-
pacts v and let a; be researcher type i’ best responses to v.
Then aj . > a; ;. for any two researcher types i and 1" with
0; > 0, (k is the most competitive venue).

Is the number of publications monotone in impact? In
the academic realm, publication count is commonly used as
one of the proxies for researchers’ impact.* This prompts an
examination of the extent to which the quantity of publica-
tions is related to a researcher’s type. The following example
show that the total number of publications is generally not
monotone in a researcher’s impact.

Proposition 3.4. There exists an Publication Choice Prob-
lem such that the total number of publications is not weakly
increasing in one’s type under the equilibrium.

Proof Sketch. We construct an example with two researcher
types (high and low) and two venues. In this instance, the
high type allocates more effort to the more costly competi-
tive venue, resulting in a lower total number of publications.
The detailed parameterization of this example is provided in
Appendix B.8. O

4 The Binary-Type Case: Equilibrium
Uniqueness and Spotlight Effects

In this section, we turn to a fundamental special case of the
binary researcher types, i.e., a high type and a low type.

*Whether this is a right metric is out of the scope of this paper’s
research, though we do observe the increasing use of the csrank-
ings.org website, which counts the number of publications at (only)
a selected set of top venues, as a proxy for different institutes’ im-
pact in different fields.

It turns out that in this case, we are able to further show
the uniqueness of its equilibrium. This uniqueness enables
clearer analysis of equilibrium properties and the effects of
introducing “spotlight” acceptance, which has become in-
creasingly popular in today’s AI/ML community. Our theo-
retical results further show how one venue switching to spot-
light labeling may lead to unintended consequences on the
impact of other venues.

4.1 Equilibrium Uniqueness

We show the pure-strategy equilibrium is unique when there
is a non-competitive venue that randomly or uniformly ac-
cepts all papers. For example, all researchers have the option
to publish their paper drafts permanently on Arxiv and not
on any other conferences or journals.

Assumption 2 (Non-competitive Venue). The least-
competitive venue 1 is non-competitive. That is, the cost for
publication is the same for all types: ¢; 1 = ¢, Vi.

Before proving the uniqueness of equilibrium, we need
to introduce the characteristic function of the Publication
Choice Problem. Let z = Z’Z — and fi = ‘;—*L’ We normalize

the impact for the low type to be 1, and the impact for the
high type 6. We define the following characteristic function.

Definition 2 (Characteristic Function). Given an Publi-
cation Choice Problem, the characteristic function of the
choice problem is defined by

B

f(x) — Z(CH,l)ﬁ . Ulm (.I _ CL,1 . bl—(x> ,

c
l H1
where each vj(x) = Trb,on With bj = (cL,ch,j)l *.

Idea of the Characteristic Function Our characteris-
tic function describes the dynamics in the game after re-
searchers best respond. The venue impacts can be charac-
terized by the action ratio on any one venue when all types
best respond, where we take the ratio on the first venue. The
input to the characteristic function is venue 1’s current action
ratio, and the output is the change in the action ratio after all
researchers best respond. The sign of the function character-
izes the direction of change in all venues’ impact. The zero
point corresponds to an equilibrium, where the action ratios
stop updating after best response.

In the following lemma, we summarize four key proper-
ties of the characteristic function, and we defer their formal
proofs to Appendix B.6.

Lemma 4.1. [Properties of the Characteristic Function]
The following four properties about the characteristic func-
tion hold.

1. A binary-type Publication Choice Problem is in equilib-
rium if and only if f(*21) = 0.

ar,1

2. If f (Zfll) < 0, when researchers update their actions

in response to current venue impacts, the impact of all
venues will increase after update;

I f (Zf—ll) > 0, when researchers update their actions
in response to current venue impacts, the impact of all
venues will decrease after update.




4. Under assumption 1 and assumption 2, the characteristic
Sfunction f is convex in x.

With Lemma 4.1, we can prove the uniqueness of the
equilibrium by showing f = 0 admits a unique solution.
The full proof is deferred to Appendix B.12.

Theorem 4.1. Any binary-type Publication Choice Prob-
lem with a non-competitive venue (Assumption 2) admits a
unique pure-strategy equilibrium.

We conjecture the equilibrium is also unique under many-
type settings (see Appendix A.2 for empirical evidence). We
leave its formal proof as future work.

Conjecture 4.2 (Uniqueness of equilibrium under many—
type setting). We hypothesize that the pure-strategy equilib-
rium is unique when there is a non-competitive venue that
randomly or uniformly accepts all papers.

Equilibrium uniqueness benefits comparative statics anal-
ysis and enables more interpretable policy insights in Sec-
tion 4.2.

4.2 The Effect of Discriminative Acceptance via
Spotlight Labeling

In this section, we first introduce a variant of Publication
Choice Problem for the impact of papers with spotlight la-
beling. Many publication venues nowadays started selec-
tively labeling publications as “spotlight” publications. Se-
lected spotlight papers are often tagged in poster sessions,
or presented in an oral session in addition to the poster ses-
sion. The spotlight labeling attracts more attention from the
research community, leading to a higher impact gained on
selected papers. We analyze the effect of switching to spot-
light labeling on the research community. Our analysis of the
equilibrium is restricted to a binary-type setting where we
can prove the uniqueness of equilibrium for the same reason
as in previous sections. We are able to compare the effect of
spotlight labeling in equilibrium only when the equilibrium
uniquely exists.

Unlike the establishment of a new venue of higher im-
pact, the impact attributed to a spotlight publication is in-
trinsically linked to the venue’s existing impact. Suppose the
program committee of venue j decides to separately label
some papers as “spotlight”, with spotlight papers a Q% of
the regular papers (€2; > 1). Our model assumes that the
impact of spotlight papers is decided by the average impact
v; on the regular session and fraction & of spotlight papers

because the majority of the audience are regular session au-
thors. On average, each spotlight paper gains an impact of
~(€;) times the impact of a paper in the regular session,
where the labeling effect v(€2;) > 1 is determined by €2;.
We use () to denote the vector (y(€Q1), - ,v(Q%)). In
Appendix B.10, we use empirical citation data on CVPR to
justify our assumption that v(€2;) > 1. Since the spotlight
impact is uniquely pinned down by the impact on regular
session v; and spotlight ratio {2;, we can express the overall

ey . Qi+v(Q5) .

venue equilibrium impact as o, Vi
We characterize the properties of the equilibrium when
a venue switches to spotlight labeling. The design space

for the venue organizer is the cost cf, ;» Vi and the fraction

1/, of spotlight publication (by changing paper selection
rules). Let a®; = (a7;); be the vector of spotlight pub-
lications by all agents on venue j. While the average im-
pact of the spotlight papers is y(£2;)v;, the spotlight papers
have an actual average impact without spotlight labeling of

s _ (aZ;01)0
vy = (af,0p)-1"
organizer faces constraints, including the following.

When choosing from the design space, the

* The actual impacts of the spotlight papers are higher than
regular papers. The actual impacts are the average impact
of a hypothetical venue, assuming spotlight papers are
selected for this separate hypothetical venue instead of
spotlights of the existing venue.

(@ Om-6  (a,;Op -6
(@, 0m-1 (a;0p 1

* It is harder to publish a paper labeled “spotlight” for all
types, i.e. c’; > ¢, ;.

3)

Venue j Spotlight 5
Research Spotlight Impact | Actual Impact
Impact v; (after labeling) (a;0n)-0
’Y(Qj) U5 (G:S,jGH)'l
Action a.; a:S J
Cost C.j cS J

Table 4: Notations for a venue j with spotlight labeling.

We make the following similar monotone cost ratio as-
sumption on the spotlight session due to a similar reason to
Assumption 1. In Appendix B.11, we show if publishing a
spotlight paper is relatively the same hard as publishing a
regular paper, the actual impact of spotlight papers as a new
venue will be the same as regular papers. This violates Con-
straint 3 that spotlight papers should gain more actual re-
search impact than regular papers on average. Assumption 3
states that publishing a spotlight paper should be relatively
harder for lower types than a regular paper.

Assumption 3 (Monotone Spotlight Cost Ratio). The rel-

ative cost for any low type to publish a spotlight paper is

higher than the relative cost to publish a regular paper. i.e.
S

for any two types 0; < 0;, CCS—J > Sl
i i3

Intuitively, the expected cost of publishing a spotlight pa-

per can dynamically change with the number of publica-

tions. In Appendix B.13, we solve the researcher’s utility

maximization problem with spotlight session and show that

the cost of publishing a spotlight paper can be fixed once the

cost of publishing a regular paper is fixed.

Characterization of equilibrium with spotlight labeling
In Section 4.2, we provide characterizations of the equi-
librium after switching to spotlight labeling. We focus on
a binary-type Publication Choice Problem in this section.
Corollary 4.2 shows the equilibrium is unique.

Corollary 4.2. Consider any binary-type Publication
Choice Problem with one venue using the spotlight label-
ing. Under Assumption 2 and Assumption 3, there exists a
unique pure-strategy equilibrium.



The proof of Corollary 4.2 is deferred to Appendix B.14.

The following theorem shows that, if the organizer cares
about absolute research impact but not relative impact in
the community, then less competitive venues are better off
switching to spotlight labeling. Otherwise, if the venue’s
regular venue is competitive enough, the spotlight session
attracts too much research impact that it hurts the average
research impact on every venue in the community.

Theorem 4.3. Consider a binary-type Publication Choice
Problem under Assumption 2 and Assumption 3. Then there
exists a threshold venue jo such that

e ifavenue j > jo (more competitive) switches to spotlight
labeling, the equilibrium impact of all venues decrease;

* ifavenue j < jo (less competitive) switches to spotlight
labeling, the equilibrium impact of all venues increase.

The proof of Theorem 4.3 reduces the problem to the
scaling effect of the equilibrium. If we view the spotlight
publications as attracted to a separate venue, the spotlight
venue changes the ratio of remaining types in the commu-
nity. When the remaining types in the community scale with
different proportion, the equilibrium impact of venues shifts
monotonically. We defer the proof of Theorem 4.3 to Ap-
pendix B.15.

—@— No Spotlight
Venue 1
- Spotlight
Venue 2
- Spotlight
Venue 3
- Spotlight

fuy
o

Impact Factor

A O ©

___..___

Venue Index

Figure 1: Impact factors of regular sessions with and with-
out a venue switching to spotlight labeling. Higher venue
indices correspond to more competitive venues.

Empirical: threshold effect of spotlight labeling holds
for many-type settings. Under Conjecture 4.2, we empiri-
cally show the threshold effect in a simulation with five re-
searcher types and three venues; the full setup appears in
Appendix A.3. Figure 1 compares the baseline equilibrium
impacts (solid blue line) with those obtained when a single
venue adopts spotlight labeling (dashed lines). When a more
competitive venue introduces spotlight labeling—shown by
the red (venue 3) and green (venue 2) dashed lines—the
impact factors at all regular sessions fall below the base-
line. This occurs because the spotlight session of a compet-
itive venue attracts disproportionately many high-type re-
searchers away from regular sessions. In contrast, when a
less competitive venue adopts spotlight labeling—shown by
the orange dashed line (venue 1)—the impact at venue 2
rises above the baseline. These results empirically general-
ize the threshold effect to the many-type setting.

Recall that Constraint 3 requires that spotlight papers have
a higher impact on average. One obvious strategy that orga-
nizers may use is to only select papers by researchers with
high research impact into the spotlight session, i.e. setting
costs cgr 5,5 < oo and ¢y, ; g = oo. We note that this strategy

leads to high-type researchers less willing to publish on reg-
ular venues, and decreases the impact of all regular venues
in the community.

Corollary 4.3. Under Assumption 2 and Assumption 3, for
a binary-type Publication Choice Problem with k venues,
where some venue j switches to spotlight labeling, If venue j
only labels papers from high-impact type 0y researchers as
“spotlight”, the equilibrium research impacts of all regular
venues will decrease.

The proof follows directly from the proof of Theorem 4.3.
Corollary 4.3 implies that the organizer should diversify the
set of authors with “spotlight” papers.

5 Simulations, Conclusions, and Future
Work

Summary of Simulation Results We empirically study
the Publication Choice Problem to validate our modeling
and results. Appendix A.l describes simulation setups. Ap-
pendix A.2 checks the uniqueness of equilibrium under
many-type setting. Appendix A.3 and Appendix A.4 de-
scribe the experimental setups for the many-type threshold
effect and the fast convergence result, respectively. Finally,
Appendix A.5 and Appendix A.6 analyze how varying rela-
tive costs and spotlight ratios influence the equilibrium out-
comes

Conclusion and Future Work This paper proposes a
game-theoretic model, the Publication Choice Problem,
that explains the interplay between researchers’ publication
choice and the evolution of publication venues’ impact. We
study the properties of the game in equilibrium from an ob-
server’s perspective of the research community.

Our results can be divided into two sets: results that an
observer of the research community should expect from
a game-theoretic model: the equilibrium existence and the
scaling effect, which justify our model choice; results that
shed light on the publication patterns: the monotonicity of
publication number in researcher type and the effect of spot-
light labeling. In future work, we will consider the optimiza-
tion problem of the venue organizers.

We outline several key observations whose formal results
are not included in the current version of the paper, which
we identify as future directions.

Theoretical Direction On the theory side, we leave the for-
mal proof for equilibrium uniqueness (Conjecture 4.2)
and the threshold effect (Theorem 4.3) under many-type
setting as future work.

Empirical Direction On the empirical side, our model is
not limited to analyzing the AI publication market. Ob-
servation B.5 in Appendix suggests that understanding
the relative cost of publication in different fields allows
our model to predict equilibrium outcomes in other dis-
ciplines. One future work is to gather more data and esti-
mate the spotlight advertisement effect . A closed form
function v may lead to new theoretical conclusions and
practical insights. Given the generality of our model, it
could assist a wide range of academic communities in
optimizing the impact of their publication venues.
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A Simulations

In this section, we empirically simulate Publication Choice
Problem to validate our model selection and results. Ap-
pendix A.l describes the experimental parameters for all
simulations. Appendix A.2 checks the uniqueness of equi-
librium and Appendix A.3 validates the threshold effect in
a many-type setting, extending our theoretical result under
a binary-type setting. Appendix A.4 validates that our Pub-
lication Choice Problem converges to an equilibrium very
fast, justifying our assumptions that publication costs and
researcher types remain constant in the game. Appendix A.5
focuses on assessing the influence of different relative costs
on venue impact factor at equilibrium. Appendix A.3 inves-
tigates the threshold effect of spotlight labeling in a many-
type setting and empirically examines the influence of vary-
ing spotlight ratios on venue impact in the equilibrium.
Appendix A.6 studies how the equilibrium outcome may
change if a venue chooses different spotlight ratios.

A.1 Parameter set-up for simulation experiments

Parameters listed in Appendix A.1 will be used for all ex-
periments in Appendix A. The time budget for all types of
researchers is normalized to 40, allowing us to interpret each
cost matrix cell as the mean weekly hours the PI spends as
publication efforts. We assume o« = 0.2, § = 2, and the
distribution of researcher types follows the pattern outlined
in Table 5, with more low-type researchers than high-type
ones.

Table 5: Researcher Type Distribution

Type 1 | Type 2 | Type 3 | Type 4 | Type b

0; = i2 1 4 9 16 25

Percentage | 50% 25% 15% ™% 3%

Our simulation stops if the Publication Choice Problem
reaches an e-Nash equilibrium, satisfying Stopping Criterion
in Definition 3.

Definition 3 (Stopping Criterion). An action profile a =
{ai ;}i; is a pure-strategy equilibrium if it satisfies the fol-
lowing conditions in the simulation

(e-Nash Criterion)

(a:,lel‘)'e 2
;(Uj - (a:,jQIJ/)']-) <e€

((@;)™ - v?) 5 > ((@;)* - vﬁ)% Vi (Best Response)
A.2  Uniqueness of Equilibrium in many-type

setting

We consider Publication Choice Problem with 5 researchers
and 3 venues, but the simulation we develop can be easily
extended to more researcher types and venues. In the sim-
ulation, we take ¢ = 10~°. Here we provide empirical evi-
dence that Publication Choice Problem has a unique equilib-
ria even in the many-type setting. To verify Conjecture 4.2
empirically, we fix all parameters of the model and randomly
select initial venue impacts from the type space © € [1, 25].

Because of the e-stopping criterion, the simulation doesn’t
numerically reach the same equilibrium each time. We treat
the equilibrium impact of venues as a vector, calculate the
Euclidean norm between two simulation instances, and con-
clude they reach a different equilibrium if the Euclidean
norm is larger than 1 x 1072, Otherwise, we say the two in-
stances reach the same equilibrium outcome. Across 50 sim-
ulation instances, the model consistently reaches the same
equilibrium outcome. When venues begin spotlight labeling,
the model still always converges to the same equilibrium.
While formal proof of equilibrium uniqueness is established
only for binary-type settings, our empirical findings support
the validity of Conjecture 4.2. The formal proof for many-
type settings is left for future work.

A.3 Simulation Setup for Spotlight Labeling in
Many-Type Settings

This section describes the parameter choices used in our

many-type simulations of the threshold effect of spotlight

labeling.

Spotlight labeling parameter set-up Venue organizers
choose the spotlight ratio 1/€2; and the relative increase in

CS
spotlight paper cost (selection rule), i.e., 7; ; = ﬁVz, 7. We
assume that
rij=a; (N+1-1i) )

where a; > 0 is a constant. Note, r; ; is decreasing in
researcher impact which satisfies Assumption 3, and the
square term captures the exponential advantage gained by
high-impact researchers on spotlight publication. Once the
venue organizer fixes the spotlight ratio, one can solve for
a; and thus pin down the paper selection rule by Equation
(29). This function form of the selection rule has the advan-
tage of fixing r; ; /15 ;¥i, j, j'.

Based on our empirical study of spotlight labeling effect
in Appendix B.10 using CVPR citation data, we further as-
sume v(2;) = (log(€2;))?, where p > 0 is a constant. The
logarithm reduces the large variance of spotlight ratios we
observe in empirical data on CVPR. Note (€2;) > 1 and
is increasing in 2;. Throughout the following analysis, we
use p = 1.77, the best-fit value for CVPR citation data from
2014 to 2019. We use the cost function specified in Equa-
tion 5, and we consider the following cost parameter choice
(z = 1,9 = 0.6), where the relative cost grows fast. We
set 1/Q; = 24%, the average spotlight ratio on CVPR from
2014 to 2019.

A.4 Simulation Setup for Convergence of
Publication Choice Problem

This section describes the experimental setup used to assess
the convergence speed of Publication Choice Problem.The
simulation parameters are specified in Appendix A.1, and
we use the same e-stopping criterion as other experiments
(Definition 3). In the simulation, we take e = 107°. We
randomly select initial venue impacts from the type space
© € [1,25], and we plot the histogram for 50 instances of
Publication Choice Problem in Table 2. The x-axis repre-
sents the number of rounds before Publication Choice Prob-



lem converges, and we observe all experiments converge
within 7 rounds for all simulations. This empirically shows
the fast convergence speed of Publication Choice Problem,
which justifies our assumption that we only consider Publi-
cation Choice Problem in a short time span.

A.5 Influence of Relative Cost on Equilibrium
Outcome

Observation B.5 reveals that relative cost determines the
equilibrium venue impacts. In this section, we investigate
the effect of varying relative costs on equilibrium venue im-
pacts under the many-type setting. Observations across dis-
ciplines reveal variations in publication strategies and the
impact of venues. For instance, researchers in Economics
tend to publish fewer papers than their counterparts in Com-
puter Science, and the disparity in publication cost and im-
pact between top-tier and other venues is greater in Eco-
nomics. This prompts the question: by simulating different
relative costs between venues, can we observe varying equi-
librium outcomes in Publication Choice Problem that reflect
the diversity of publication patterns across disciplines in re-
ality? To explore this, we assume uniformity in researcher
types across disciplines and conduct experiments to evalu-
ate the influence of the relative cost on venue impacts in the
equilibrium. We present experiments with parameters spec-
ified in Appendix A.l. We denote the (4, j)-th entry of the
cost matrix as follow:

c;i=1 ifj=1
- 5)
cy=ei ifj>1

, where 4, 7 are the type and venue indexes respectively
and g > 0 is a constant specifying the growth rate of rel-
ative cost. We assume the presence of one non-competitive
venue across disciplines, exemplified by the Social Science
Research Network for social sciences and Arxiv for natu-
ral and mathematical sciences. Since Observation B.5 shows
that the absolute cost does not impact equilibrium, W.L.O.G
we normalize the cost on the non-competitive venue to be 1.
The square term on the exponential power emphasizes the
exponential change of relative cost between venues and re-
searcher types. Note that ¢; ; is increasing in j, decreasing
in 4, and satisfies Assumption 1. The relative cost ratio is in-
creasing in g. We demonstrate the cost parameter choices in
Table 6.

Table 6: Parameters for Relative Cost

Growth rate of relative cost
Low g=0.2
Relatively Low g=20.3
Relatively High g=04
High g=0.6

Higher relative cost leads to a larger discrepancy be-
tween venue impacts in the equilibrium. Figure 2 illus-
trates the equilibrium venue impacts under different relative
cost growth rates. As the plot clearly demonstrates, lines

with higher relative costs lie above those with lower rela-
tive costs on venues 2 and 3, suggesting that disciplines with
higher relative costs yield greater impacts at more competi-
tive venues. This is because higher relative costs deter low-
type researchers from submitting to competitive venues, en-
hancing their impact factors. At the same time, higher rel-
ative cost prompts low-type researchers to target less com-
petitive venues, lowering their impact factor as the blue line
lies above the other lines on venue 1 in Figure 2. Our find-
ings suggest that by calibrating the relative cost parameter g
for each discipline, our model can be effectively generalized
to study a range of equilibrium outcomes of the Publication
Choice Problem for different disciplines.

1119 o~ Low(g=0.2)

Relatively Low (g = 0.3)
—&— Relatively High (g = 0.4)
| —®— High (g = 0.6)

104

Impact Factor
~
N

3
Venue 1 Venue 2 Venue 3
Venue

Figure 2: Venue Impacts in the Equilibrium Under Different
Relative Cost Growth Rates

A.6 Impact of Different Spotlight Ratio

In this section, we study how the equilibrium venue impacts
will change if the venue sets up a different spotlight ratio. We
assume the same spotlight selection rule as in Appendix A.3,
and we consider the following cost parameters: (z = 1,9 =
0.4).

A lower spotlight ratio will have more influence on
the other venues’ equilibrium outcome. We let different
venues switch to spotlight labeling, testing spotlight ratio
5%, 25%, and 80%. In Figure 3a, we observe that the blue
line (5% spotlight ratio) lies below the other two lines at
venue 3. This decline demonstrates that a less competitive
venue (venue 1 in our example), by setting a very low spot-
light ratio, can make its spotlight session comparable to the
more competitive venues, thereby attracting high-impact re-
searchers away from the competitive venues. This design
choice reduces the impact factor of the regular sessions at
more competitive venues. When more competitive venues
switch to spotlight labeling, they siphon attention from high-
type researchers, diminishing the impact of regular sessions
across all venues. In Figures 3b and 3c, we observe that
lines representing lower spotlight ratios are positioned be-
low those with higher spotlight ratios. This decline in im-
pact reveals that the lower the spotlight ratio at competi-
tive venues, the greater the adverse effect it will have on
the impact of other venues. Moreover, the gaps between



lines are larger in Figure 3c compared to those in Figure
3b, which suggests that the negative impact of spotlight la-
beling on other venues intensifies with the venue’s compet-
itiveness. This observation makes sense, as the more com-
petitive the original regular session is, the more attention its
spotlight session will attract from high-type researchers, di-
verting their contributions away from other venues.

B Missing Proofs
B.1 The proof of Lemma 3.1

Lemma 3.1. Let v be the venue impact vector. Then the best
response of any researcher of type 0; can be characterized
in closed-form as follows:

. 8
_ (cig)™ Ty
Qi = o B

Proof. We prove the proposition by solving each re-
searcher’s utility maximization problem using the La-
grangian multiplier method. We write the Lagrangian of the
maximization problem in Program (1):

L(ai, Ai) = (@:)® '”yﬁ TAi-(1—a;i-c)

Because the researcher can always derive marginal utility
from publication, they will all choose to exhaust their budget
set. Setting the First Order Condition and Budget Constraint
we have:

J
ai-cizl

o - (am)a’1 P - Ai-¢ij =0,V (First Order Condition)
(Budget Constraint)

(6)
To solve the maximization problem, we first solve the first-
order condition in (6) for any j.

1
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—1 _ 7 (2¥] _ 1 1,7
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Plug the action into the budget condition in (6):
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After getting the expression for \;, we plug it back in Equa-
tion (7) to get the expression for a; ;.

Aij = —a B

10

—— 1/Q=5%
9] 1/Q=25%
—— 1/Q=80%

Impact Factor

Venue 1 Venue 2 Venue 3

(a) Venue 1 Switches to Spotlight Labeling

10
—— 1/Q=5%

91 1/Q=25%
—— 1/Q=80%

Impact Factor

Venue 1 Venue 2 Venue 3

(b) Venue 2 Switches to Spotlight Labeling

10
—— 1/Q=5%

91 1/Q=25%
—— 1/Q=80%

Impact Factor

Venue 1 Venue 2 Venue 3

(c) Venue 3 Switches to Spotlight Labeling

Figure 3: Figure 3a-3c
show the impact factor of the regular session of each venue
in the equilibrium when the venue organizer selects
different spotlight ratios



B.2 The proof of Proposition 3.2
Proposition 3.2. Suppose the cost ratio ~-- = c(i;1') is

a constant that is independent of the venue v;. Then the
Publication Choice Problem admits a unique equilibrium in
which all venues have the same average impact.

Proof of Proposition 3.2. The proof hinges on the following
useful Lemma B.1, which characterizes the equivalent con-
ditions of constant relative cost on all venues and cost matrix
having rank 1.

Lemma B.1. The following three statements are equivalent:

1. the cost ratio between a low type and a high type does not
change with the venue index j, i.e. for all types 0 < 6y
of researcher, and all venues j < j/, <o = -

Citj
2. cost cj' is mlitltlpllcatlve separable in agent type i and
venue index j;
3. The cost matrix of Publication Choice Problem has rank
one.

>
C7/ 7/

Because the cost ¢ is multiplicative separable in ¢ and 7,
we rewrite the cost matrix as ¢ = &g - &,, where ¢g = (&, ),
¢, = (€, ); are attributes associated with agent types and
venues. Consider equilibrium best response in Lemma 3.1:

- S 1
_ (Ci,j) a—1 . ij _ (Cei . C’Uj) a—1 . Uj
Qij = = 5 = T - = B
cz_"“ LT« (091' . cv)a—l .pT-a
1 B
IR
= . 7@7%. €

697', é;_l LT

Then, consider the equilibrium venue impacts as in Equa-
tion (2).

1 B
L Gol ypime
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§ = - 5
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and is invariant of venue index j.

B.3 The proof of Proposition B.2

Proposition B.2. Under Assumption 1, venue impact v;
monotonically increases in the venue index j after all re-
searchers best respond to the venue impact in the previous
round.

Before we prove Proposition B.2, we need to introduce
Lemma B.3, which shows the invariance of action ratio
across any two venues by two fixed researcher types.

Lemma B.3. Fix any two researchers with type 0; and 0;.
The action ratio on any two venues is only differed by a con-
stant factor depending on their cost amount on the venues.
z’,j)ﬁ(ci,u)ﬁ

_1_ _1_
( » ,j)a71 '(Ci,1))a71

Formally, (- 4t ])/( ai U”) =

Proof. By rearranging the best response in Lemma 3.1, we
can write the following two equalities for researcher i’’s ac-
tion on venue j and v respectively,

a 8 C. . V. — B
o and ¢/ ' -vT-a =
Qq,j QAq,v

1
=1
Cc?, oV

Note the left-hand side of both equalities are the same.
Similarly, by rearranging the best response in Lemma 3.1,
we can write the following two equalities for researcher ’s
action on venue v and v respectively,

a 8 C; SV —o B c; * Uy
¢t vte =24 and ¢
;. Q0
By dividing the action of ¢ and j on the same venue, we
obtain the following equality:

1 1 1 _1
(cirj) =T /(Cz‘,j)"‘*l _ (erw)™ T (cip) =T
Qaj’ g ;5 Qi oy 7%}

After rearranging the terms, we get the desired equation:

_1 1
(cirj)==T(cip)o—T

air g\, Girw
(—=H)/(=) = : 1 ®)

@ij v (e )T (Ci) T
This completes the proof of the lemma. O

Proof of Proposition B.2. The proof is a direct comparison
between venue impacts. Consider any two venues with in-
dices 7 and v, we want to show that if venue j is more
competitive than venue v, then venue j will have a higher
impact than venue v. Formally, if j > v, then v; > v,,. Con-
sider any two distinct researchers with type 6; < 6;/. Denote
the proportion of their types as p; and p; respectively. By
Lemma B.3, we have:

1 1
it g\ o Qi (cirg) ™ T (ciw)T
@ij  iw (Cz'/,j)”‘l “(Ciw)aT
By Assumption 1, we have v Plug this inequality
back to 8, because 0 < a < 1 we have
Qi j * Qi > Qij - Qif o
Because 0;; > 0, this further implies that:
Qirj - Qi - O + a5 a0 > a5 - air - B + ai
(10)

Inequality 10 will be the key for proving the theorem later.
The impact of venue v and v are
ew) -0 o )0
(a’wﬂ l‘l') and (a’~; lJ’)
(@.,; p)-1 (@ -p)-1

, respectively. We want to show that venue w’s impact is
larger, which is equivalent to showing that

((a.;-p)-0)- (a0 p)-1)>
((a:m : ,LL) ’ 0) ) ((al,j ’ IJ’) : 1) (1m)

c Qi Hi



‘We rewrite the left-hand side of 11 as:

g A5 * it p -6y e
p=q

+ Y (i @i 0+ ap - aig - 0n) - g (12)

4,3:60; <01

We rewrite the right-hand side of 11 as:
Z Qg5 * A’y * 0;r - g g

=17/

+ Z (@i - Qi - O + airj - @i - 0;) - prifptir (13)
4,3:0; <61

The first terms in 12 and 13 cancel out with each other. In-
voke 10, we know that Vp, ¢ with 6; < 6;, we have:

Qir g~ Qi Bir + @i Qi o0 > a5 5 a0 +ai a0 0;

Hence, inequality 11 is true. Therefore, the impact of venue
7 is higher than the impact of venue v. Since j and v are ar-
bitrarily chosen, it satisfies that the venue impact v; mono-
tonically increases in venue index j.

B.4 The effect of uniformly scaling-up the
community size

Given the fast-growing AI/ML community today, a natu-
ral question one may have is how the venue impact would
change as the number of researchers grows in the field. Ob-
servation B.4 shows that if each researcher type scales lin-
early by the same factor, the venue equilibrium impacts re-
main the same. We discuss the effect of non-uniform scaling
for binary-type setting in Theorem B.1.

Observation B.4. The equilibrium impact of venues re-
mains the same when the number of researchers of different
types is simultaneously scaled by the same factor m > Q.

Proof. After scaling all types by the same factor, the density
of each type does not change. Hence, the equilibrium impact
of venues remains the same. O

Scaling all entries in ¢ uniformly is the same as scaling all
researchers’ budgets, and is also equivalent to scaling their
community size proportionally, which does not affect equi-
librium outcome by Observation B.4. In addition, the fol-
lowing Observation B.5 reveals that the relative cost, rather
than the absolute cost, determines the equilibrium outcome
of Publication Choice Problem.

Observation B.5. The equilibrium impact of venues re-
mains the same when the cost matrix c is scaled by the same
factor.

B.5 The proof of Proposition 3.3
Proposition 3.3. Every Publication Choice Problem admits
a pure-strategy equilibrium.

Proof. We prove the proposition via the Brouwer fixed-
point theorem. Define

fv) = ((a:’l Op)-0

(a:,k © p’) -6
(a1 o) 1 ) (19

’ (a:,k‘ Q“') -1

where a. ; is researchers’ best-response strategy on venue
j after observing v. Intuitively, the function f updates the
venues’ impact factors after collecting researchers’ publica-
tion strategies. Consider the function on the space of pos-
sible researcher impact level, f on {©|min{6;,---,0,} <
©,; <max{6,---,0,}}. The space is closed and bounded
in R", and thus it is compact. Moreover, the space is also
convex. f is continuous. Therefore, by Brouwer’s fixed-
point theorem, there exists a fixed point where f(v) = wv.
Because researchers’ publication strategy reaffirms the im-
pact level of all venues, the system has reached the equilib-
rium where all agents are best responding. O

B.6 The proof of the properties of the
characteristic function (Lemma 4.1)

Lemma 4.1. [Properties of the Characteristic Function]
The following four properties about the characteristic func-
tion hold.

1. A binary-type Publication Choice Problem is in equilib-
rium if and only if f(*21) = 0.

ar,1

2. If f (Zf i) < 0, when researchers update their actions
in response to current venue impacts, the impact of all

venues will increase after update;

3Iff (Zi’ i) > 0, when researchers update their actions
in response to current venue impacts, the impact of all

venues will decrease after update.

4. Under assumption I and assumption 2, the characteristic
Sfunction f is convex in .

Proof. We prove each property separately.

Proof for property 1 Proving the first property is equiva-
lent to showing the following two key points:

1. the zeros of f(x) satisfies the equilibrium condition of
the ratio of publications on the first venue

2. the equilibrium condition of the ratio of publications on
the first venue implies the equilibrium condition of Pub-
lication Choice Problem

We prove by looking at the equilibrium condition of the
ratio of publications on the first venue, where the LHS and
the RHS of the equation correspond to the ratio of publica-
tions before and after the impact update,respectively:

1 _a =
a1 (ema\ 0 [ Xile) Ty (15)
ar.1 B CL,1 e %
’ ’ dolemn)==T -

B

Multiply both sides of Equation (15) by >, (cx,1) = v
we obtain:

8

1
B a-1
CLH’l. (CH,l)ﬁ'vllia _ (CH,I) j :(CL7l)ﬁ.Ul17(!
l

ar,1 . CL,1
(16)




Let x = 221 Move the RHS of Equation (16) to the LHS

ar,1
and define

) =3 (o) e0  (2) S e
l

17)

With some algebra, we can show Equation (17) is exactly
the characteristic function defined in Definition 2. Therefore,
we have shown that zeros of the characteristic function sat-
isfy the equilibrium condition of the ratio of publications on
the first venue.

By equilibrium condition, we know that for any venue 7,
the following equation on action ratio is true:

aH,;j — CHACL,j \ L

ar,j CL,1CH,j

It implies that if the action ratio on the non-competitive
venue is fixed, the whole action profile is fixed. Hence, for
any binary-type Publication Choice Problem, an action pro-
file is in equilibrium if and only if f(z) = 0.

Proof for properties 2 and 3 Now we consider re-
searchers best responding to venue impacts. Suppose the
current action profile has f (aH +) < 0. Fixing v as a func-

tion of the current action proﬁle After best responding, the

new action profile has z’ satlsfylng best-responding

condition Equation (15). Thus 1t follows that ' > x. The
impact on all venues will increase. The case for the current
action profile f (" 2H.1 ) > 0 can be proved in the same way.

Proof for property 4 (convexity of the characteristic
_1
function) Notice that f(x) = cf;; >, hi(x), where

a ey

CH,l a—1 CL,l a—1 %
hl(l') = |T-CH1 ( ) —cr1- | — v,
CH,1 CL,1

(18)

We calculate 7} (z):

hi' (@)

- Cr,i ,CHl\_1_

=ji- B/ TR (0 - 1)
Cr,1 CH,1

_B_

1 fi- (Sl omiymgge\ 70

CcrL,1’ CH,1

1+ﬂ’(CLl CHL)%D‘x

cr,1’ CcH

CLiy—e. CLl CHl\ L
cpa(—=)>—"1 -
CL,1 CL,1 CH,1

A1+ 0)(1 - a) + 27 <jj—i/j§—i>*e<1 —a))

Recall that 0 < o < 1 and 6 > 1. It’s easy to check that all

terms in A" except for (—cL’l(ZLL"i )aoT 4 CH’l(cZi)ﬁ)

are positive. Hence we only need to show this remaining

CH,I CL.l\ 32y CH,1
i 50 <T1)“ < (CHl) . When ¢y > cp1,

(—ep1(ZL)a=T 4 ey (2L )afl) is also always positive.

CL,l H,1
Hence, h} is the summation and multiplication of positive
terms, so h;’ > 0, implying f is convex. O

B.7 The proof of Theorem B.1

We show the effect of scaling the density of high-type re-
searchers and low-type researchers non-uniformly.

Theorem B.1. Under a binary-type Publication Choice
Problem, with a non-competitive venue as in Assumption 2.

o [f the density of high-type researchers is scaled up, then
the equilibrium impact of all venues will increase after
scaling.

o [f the density of low-type researchers is scaled up, then
the equilibrium impact of all venues will decrease after
scaling.

Proof. For the proof of Theorem B.1, we Write characteristic
function as a function of two variables = 2 and fi =

ZH with the same formula as Definition 2. Suppose 0, o
and venue impacts v(xo, fig) satisfy f(xo, fip) = 0, which
are equilibrium outcomes. We begin by considering the case
when the density of high-type researchers is scaled up. For



any i > fig, * = xo-% keeps the same equilibrium impacts:
v(x, i) = v(xo, fio). Note here z < zg. It suffices to show

fz, i) <0,

i.e. x is lower than the equilibrium action ratio.
We notice that

fla, i) = (eun)=t 'Uz% (z =577,

l

cr,j _1
o )T== . We want to show that
H,j

[, i) < f(zo, fio) =0

Fix any [, we have that

where b; = (

1+bj'170'ﬂ0~19
L+0bj 20 fuo
1+4bjox-i-0
RS
= u(z, 1)
Hence, under x, 1, v; holds fixed for all [. Therefore, to

compare f(xg, fip) = 0and f(x, 1), we only need to inspect
the scaling changes to x — bfo‘. First, we observe that

b (5% -1
o — bl_a ’

Uz(l”o,MO)

x—b " T

xro — bl_a To
Whenever xy > —bfo‘, and recall that x < x(, we have

r—b% oz b (-1 =

E— <

o — bl_a xo To — bl_a o

Hence, the positive terms are scaled by a factor strictly
smaller than % Meanwhile, whenever xg < —b;a,

b w BE-D)a

— — >
o — bl « Zo To — bl « Zo

Hence, the negative terms are scaled by a factor strictly
larger than f—o Thus, the positive terms in f are scaled by
a factor strictly lower than the negative parts. We know
f(x, i) < 0. The case for i < fip can be derived in the
same way. O

B.8 The proof of Proposition 3.4

Proposition 3.4. There exists an Publication Choice Prob-
lem such that the total number of publications is not weakly
increasing in one’s type under the equilibrium.

Proof. We verify this observation by constructing such an
example with binary researcher types, one has a higher im-
pact than the other, and two venues. When 0y >> 6, and
the cost is very high at the top conference, the high-type
researcher may invest time in publishing on the top venue
while the low-type researcher will focus on the easier one.
Because of the high cost of publishing on the better venue,
the high-type researcher may publish less in the end.

To construct a more natural example, we re-scale the time
budget for all researchers to 40, so we can interpret the total
budget as the weekly time that a lab Principal Investigator
can devote to research. Therefore, each cell in the cost ma-
trix can be interpreted as the mean weekly hours required for
publication efforts. Following the calculation which derives
Lemma 3.1, the best-response action for each researcher will
also be scaled by 40. Let 0 = 20, 0, = 1, uy = 1,
wr = %, v1 = 1, and vy = 20. Consider the following cost
matrix:

Table 7: Cost Matrix

Venue 1 | Venue 2
O 1 15
0r, 1 40

By Theorem 4.1, this Publication Choice Problem will
converge to the following unique equilibrium:

Table 8: Actions in the equilibrium

Venue 1 | Venue 2
Oy 12.03 1.87
0r, 14.19 0.65

Calculation shows thatay, -1 > ay - 1. O

B.9 The proof of Theorem 3.1

Theorem 3.1. Under Assumption 1, consider any venue im-
pacts v and let a; be researcher type i’ best responses to v.
Then a; k> a;‘,7 i Jor any two researcher types i and i’ with
0; > 0, (k is the most competitive venue).

Proof. The proof directly compares different researcher
types’ actions on the top venue.

By B.2, we know that the venue with the highest impact
is the venue with the greatest venue index k when all re-
searchers best respond. High type researcher will publish

a—-1_T—«

C; v . .
a;r = —t—=——, and low type researcher will publish
Cia—l .vil—a
1 B
c.‘,’flvkl «
ay ), = —+——5—. Comparing a; ; and a; j is equivalent

cStyT-a
as comparing the following two terms:

1 B 1 3

c;’; .Uklfa -ci‘?’l LvI-a (19)
and
1 B 1 B
R I T (20)

Rearrange (19) we obtain:
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Rearrange (20) we obtain:

8 L s
vkl,fa . Z(Cz‘/,k)“*l . (Ci’l)a—l . ,Ull*a
l
s 1 £
= vy, Z(Q/k -CiJ)cxfl iy, (22)
l

By Assumption 1, we have c¢; 1 - ¢y < cig - ¢y,

0 < a < 1, hence (¢ - ci/,l)ﬁ > (e ci,l)ﬁ.
Meanwhile, c¢;;; > c¢;; because 67 > #'. Hence, we
have Equation (21) > FEquation (22). This implies that
Equation (19) > Equation (20). Rearrange the terms and
we get:

1 B 1 1 B 1
_1. 1—a —1 B a—1 8

ik = C:k vy, .ci‘f wT—a > ci’, .Ukl -c; WI—a =

B.10 Empirical justification of spotlight signaling
effect based on CVPR data

We use empirical citation data on CVPR to justify our as-
sumption that v(£2;) > 1. We fit the spotlight signaling ef-
fect v(€2;) using empirical data. We use the average citation
number to approximately assess the average impact of regu-
lar publications and spotlight publications.

average citation on spotlight of venue j in year t
1Y) =

average citation on regular of venue j in year t -
(23)

Figure 4 illustrates the citation metrics against €); for the
venue on Computer Vision and Pattern Recognition (CVPR)
spanning 2014 to 2019. It is observed that larger, multidis-
ciplinary venues like NeurIPS, which often give preference
to methodological and theoretical contributions for spotlight
sessions, tend to receive fewer citations compared to ap-
plied research, thereby affecting the citation ratio index neg-
atively. Therefore, we posit that venues like CVPR, focused
on specialized fields, offer a citation ratio index that more
accurately reflects the signaling effect of spotlight sessions.
CVPR seems to be actively experimenting with their spot-
light session during the period of investigation. They add
spotlight sessions along with oral sessions in 2016, but later
delete the spotlight session in 2019. The spotlight ratio also
varies a lot throughout the period, with the spotlight ra-
tio 1/€; takes value from 11.9% (2015) to 32.0% (2016),
with the average spotlight ratio being 23.8%. We consider
log(€2;) to reduce the large variance between different years.

Since we have limited data points, we do not draw con-
clusions on the form of v(£2). We list this as a future work to
do. One possible function form is v(2) = (log(£2))?, where
p > 0. We find the best fit for the CVPR datais p = 1.77.

Data Source The list of CVPR accepted papers was
sourced from the Digital Bibliography & Library Project
(DBLP), an extensive database in computer science. Cita-
tion data for each CVPR accepted paper was retrieved from
Google Scholar using the service provided by SERP API,
and the spotlight designation was confirmed through the
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%'k Figure 4: CVPR Spotlight and Regular Session Citation

Data Comparison

CVPR program website. CVPR has both spotlight sessions
and oral sessions, and we don’t distinguish between them
and mark both sessions as spotlight. We only include citation
data whose citation number falls between 5th and 95th per-
centile each year. We then calculate the citation ratio index
by (23). During the six years, the spotlight ratio 1/€; takes
value from 11.9% (2015) to 32.0% (2016), with the average
spotlight ratio being 23.8%. For each of the six years stud-
ied, the citation ratio index consistently exceeds 1, support-
ing our model’s assumption that y(€2;) > 1. Furthermore,
our data suggest a general trend where (€2;) increases as
Q; does.

B.11 The justification for Assumption 3

The venue organizer must choose the cost for spotlight ses-
sion carefully. The following Proposition B.6 shows if pub-
lishing a spotlight paper is relatively the same hard as pub-
lishing a regular paper, the actual average impact of spotlight
papers as a new venue will be the same as regular papers.
This violates Constraint 3 that spotlight papers should gain
more actual impact than regular papers on average. Propo-
sition B.6 motivates our Assumption 3 on feasible spotlight
publication costs.

Proposition B.6. If for any two types 0; < 0, the cost ratio

on spotlight paper remains the same as the cost ratio on
S - ,
regular session, i.e., CC;" = cc’%, then the spotlight papers
il

i’,j

and the regular papers have the same actual average impact.

Proof. Define cf ;= Cij " Tijs where 7; ; is the relative
increase in cost for publishing a spotlight paper. If r; are the
same for all researchers, then we can factor out the cost ratio
term and cancel them when calculating the average impact.



Formally, Vj we have
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Hence, the average impact on spotlight papers will be the
same as regular papers without scaling. O

Given Proposition B.6, we introduce Assumption 3 as a
natural design choice of venue organizers to ensure spot-
light papers have a higher actual research impact than regu-
lar venue papers. Assumption 3 states that publishing a spot-
light paper should be relatively harder for lower types than a
regular paper.

B.12 Proof of Theorem 4.1

Proof. Recall that we only need to prove the characteris-
tic function has a unique zero point to show the uniqueness
of equilibrium. We show f(z) = 0 has a unique solution
on [0, 00) by inspecting the geometry of the characteristic
function f(z). The following observations hold:

e f(0) <0, f(1) > 0,limy— 00 f(x) = 00.
* f(z) is convex on x > 0 by property 4 of Lemma 4.1.

Thus, f(z) = 0 admits a unique solution in [0, 00). O

B.13 The proof of one-shot spotlight cost design

Proposition B.7. Suppose for researcher of type i, the cost
for publishing a regular paper on venue j is ﬁxed atc; ;. Let
the cost for publishing a spotlight paper be c . For venue
J» fixing the cost c; of regular paper publlcatlons and the
fraction Q% of spotlight papers, the cost for publishing a
spotlight paper can be set invariant of the venue average
research impact and publication numbers.

Proof. To prove the proposition, we first solve the re-
searcher’s utility maximization problem. Then we calculate
the ratio of spotlight papers and regular papers and notice
it’s invariant of the dynamic venue average impact.

Define c i = Cij " Tijs where 7; ; is the relative increase
in cost for pubhshmg a spotlight paper.

The researcher’s utility maximization problem is as fol-
lows:

max (@) v+ (af)" - (1(0) 0 v)")*

s.t. ai~cl-—|—af-cf§1

where @ € (0,1) and 8 > 1.

Set up the Lagrangian and we get the following solutions:
s
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Now, we can calculate the ratio of spotlight papers and
regular papers and set it to Qi

S
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Note 7. ; is the fixed point of Equation (28), which does not

involve v; hence r is invariant to the dynamic venue impact.
O

B.14 The proof of Corollary 4.2

Corollary 4.2. Consider any binary-type Publication
Choice Problem with one venue using the spotlight label-
ing. Under Assumption 2 and Assumption 3, there exists a
unique pure-strategy equilibrium.

Proof Define c o = Cij Tig where r; ; > 1is the relative
increase in cost for publishing a spotlight paper.

The proof follows the same idea as Theorem 4.1. Con-
sider the same construction of characteristic function f and
decompose f into linear combination of functions h;. The
venue j with spotlight has

a

C ; O‘% B

H.1

D\ a—1 _a B
—cna (CLJ> (14 (9, )lﬂarg T Ujl*a
CL,1

By defining ¢i1 = ¢;1((1 + ¥(%, )%7‘“ Y)) fori €
{L, H}, we see that ¢g1 > €11 and the same form of A, in
proof of Theorem 4.1 follows. Thus, h; is convex. O



B.15 The proof of Theorem 4.3

Theorem 4.3. Consider a binary-type Publication Choice
Problem under Assumption 2 and Assumption 3. Then there
exists a threshold venue jo such that

* ifavenue j > jo (more competitive) switches to spotlight
labeling, the equilibrium impact of all venues decrease;

* ifavenue j < jo (less competitive) switches to spotlight
labeling, the equilibrium impact of all venues increase.

Proof. We prove this by inspecting the extra cost each type
invests on spotlight papers. If a high type spends more bud-
get on publishing spotlight papers than a low type, the equi-
librium is the same as scaling down the high type’s budget
by a < 1 factor on regular venues, and also the same as
scaling down the fraction of high types in the population. By
Theorem B.1, the research impact of all regular venues are
reduced.

Define c . = Cij " Tij, Wwhere r; ; is the relative increase
in cost for publishing a spotlight paper.

First notice that the relative increase in cost on spotlight
paper is fixed once (2; is fixed by Equation (29).

Now we analyze the equilibrium ratio of cost that each

type invests on spotlight papers. Define x = a’z 11 .
ag ;- cy
Hj “Hj _ @HjCHj THj\_o: 7I(CHJ 7“H,j)ﬁ
- o , - o .
ar.; CL.j CLjCL,j TL,j CLj TLyj

(30)

We would like to know if aHJi”;J

7.i°CL.j
ZIL{—’J : ?L{—’])lw into the function f we defined in
J

proof of Corollary 4.2, if f (z) > 0, then the equilibrium

> 1 or not. Plugging

=

S
CHj  TH T2 aHJ H.g
x < (CLJ TL]) « has af oS < 1, implying all venues

have increased average impact. Otherwise, f(r) < 0 im-
S S
plies % > 1, and all venues have decreased average
LjCL,j
impact.
Consider the characteristic function f(z). For venue j
switching to spotlight labeling, by definition,
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Define the only differing term for different j as
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The value of x is decreasing in venue index 7, together with
the fact that h;(x) and h; g(z) are linear functions of «,
implies that there exists a threshold index jg, such that for

J > jo, f(z) <0, while for j < jo, f(x) > 0. O
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Library Project (DBLP) and Google Scholar. We will also
make the dataset available upon publication of the paper.

All datasets that are not publicly available are described in
detail, with explanation why publicly available alternatives
are not scientifically satisficing.NA

Does this paper include computational experiments? Yes
Clarification: Our contribution is a game theoretical model
of the co-evolution between researchers’ publication choices
and venue impact. We did simulations for our model and
include the results in Appendix A, and there is no learning
component in our work.

If yes, please complete the list below.

This paper states the number and range of values tried per
(hyper-) parameter during development of the paper, along
with the criterion used for selecting the final parameter set-
ting. NA

Any code required for pre-processing data is included in
the appendix. No

All source code required for conducting and analyzing the
experiments is included in a code appendix. No

All source code required for conducting and analyzing the
experiments will be made publicly available upon publica-
tion of the paper with a license that allows free usage for
research purposes. Yes

All source code implementing new methods have com-
ments detailing the implementation, with references to the
paper where each step comes from NA

If an algorithm depends on randomness, then the method
used for setting seeds is described in a way sufficient to al-
low replication of results. NA

This paper specifies the computing infrastructure used
for running experiments (hardware and software), including
GPU/CPU models; amount of memory; operating system;
names and versions of relevant software libraries and frame-
works. No

Clarification: We don’t need to train any models. We only
run simulations of our game-theoretical model, which can
be easily run on a personal laptop.

This paper formally describes evaluation metrics used and
explains the motivation for choosing these metrics. Yes

This paper states the number of algorithm runs used to
compute each reported result. Yes

Analysis of experiments goes beyond single-dimensional
summaries of performance (e.g., average; median) to include
measures of variation, confidence, or other distributional in-
formation. Yes

The significance of any improvement or decrease in per-
formance is judged using appropriate statistical tests (e.g.,
Wilcoxon signed-rank). No

This paper lists all final (hyper-)parameters used for each
model/algorithm in the paper’s experiments. NA



