Incentivizing anonymous “peer-to-peer” reviews

Parv Venkitasubramaniam Anant Sahai
Electrical and Computer Engineering Electrical Engineering and Computer Science
Cornell University University of California, Berkeley
Ithaca, NY 14850 Berkeley, CA 94720
Email: pv4d5@cornell.edu Email: sahai@eecs.berkeley.edu

Abstract—The review cycle for papers takes way too long in First, Section Il shows how the proposed system can meet
many disciplines. The problem is that while authors want to the desired objectives of fairness to good scholarly aitze
have their own papers reviewed fast, that are often unwilling by assuring them of timely reviews. Second, Section IV uses

to review the papers of others in a timely manner. This paper losel lated del t h f it
explores what would be required to incentivize fast reviews using & C/0S€ly related model to argueé how referee anonymity can

a public reputation/scoring system that exploits the fact that the D€ preserved despite having public scores. Finally, Sedfio
referees are drawn from the same pool as paper authors. The concludes this article with some comments on the tension
challenge in maintaining a public reputation system is to ensure petween the two objectives.

that the identity of referees remain as anonymous as possible. A

model is proposed in this work, wherein authors have an incentive

to commit to reviewing papers and are rewarded for meeting A Related Work

this commitment in a manner that prioritizes their own papers . ;
for reviews. This ensures stability (bounded reviewing delays) At first glance, the problem of peer review seems to be

for all fair contributors while freeloaders face a potentially @ Problem of incentive misalignment in the classic “tragedy
unstable system. A naive implementation of the scoring system, of-the-commons” mold [2] — the pool of referee time is a
however, leaks information that would allow authors to infer the  [imited public resource (like a common grazing area) and thu
kely dentes of e efrees, i, dtorton to e observed_people inject more papers (catle) than the system camystab
anonymity while preserving the inceﬁtives for timely refereeing. serve leading t(,) delays. Peer rev'e,w _ha_s been thg subject of
numerous studies, but the space limitations restrict us fro
. INTRODUCTION doing complete justice to the literature her¢See [3]-[5]
. . " ._for a survey of peer review in general.) The slowness of
W'tl $ﬁ33|blebcompetlt|on flro_mt t?e lack of goo?] par_klrt1 eter-review is explicitly considered in the literattiraith
spaccre ¢ ke nurrln r?rr onerc]:ogrplalg (;irrr]natny reﬁairrclz ?rf/ilsw me even arguing that such delays serve as deterrents to
papers take an unreasonably fong ime 1o get 1airly reVIeWeg,q -\ mission (performing the role of a flow control signal

Arguably, the only reason that researchers do not compl 19 in TCP) in the absence of any other credible deterrent

more vocally about this is that each of us has the secret Sthuch submissions [10]. However, the community has also

of a few unreviewed papers sitting in our offices that WEnderstood there is an undersupply of reviewing time and

Just hav§ nqt gotten around.to yet.. Herein lies the Seem'ggplicit pricing mechanisms have been proposed using real
paradox: while we cannot build parking lots for ourselvées, t money [11], [12] as well as using non-cash tokens that

community of researchers is itself responsible for the gleer are eamed by reviewing papers and spent by submitting

review of_ its own papers. This article proposes a_nd analyig vers [10], [13]-[15]. Peer-pressure and status-conso@ss
a-rep.utat|on .based. system that could expedite this Progess, sulting from public reputations have also been discussed
aligning the incentives of reviewers and the community. .Iklo]

In the next subsection, we touch briefly on related wo

SIUdymg PEEr review and general peer-to-peer systems. Secz\As many point out, peer-review is surprisingly unstudiecegiiow central

tion I-B sketches the features of our proposed system i to our science-driven society. We suspect that a casebeamade that
incentivize timely peer-review. With the proposal in placepeer-review should join “law making” and “sausage making” ba fist of

a simplified mathematical model is described in Section |tpings that are best appreciated at a distance and shouldenstudied too
closely lest we and the public loose all faith in this impetfieeman process.

The analysis based on the model then proceeds in two stages; s ciear that the trend is getting worse, and that a largegfahe delay
is due also to requests for multiple revisions [6]. This istHar interpreted
1Clark Kerr's iconic 1957 remark [1] was that the alumni seem aoec as a cultural shift in the community away from coarse but irstiimg papers
mainly about athletics, the students mainly about sex, andathdty mainly towards more polished papers [7]. It is also clear that revitake a long time
about parking. To be realistic, the list of commonly aired camis also as papers have gotten longer, but that paper-length is matgénto account
includes (in no particular order) how hard it is to get furglimowadays, how for this delay which primarily seems to come from the fact thaakes time
we are all paid far too little in relation to our true worth vihnstudents these before a paper is even read [8], [9].
days are just not as strong as they were in the good old dagish@m hard 4The surprise for economists is why the system has not alrealiypsed
it is to get a good job for our students/postdocs. This papkétheve nothing without such cash payments since on the surface, the revieadd derive no
new to say about any of these other topics and the interesteter is referred private utility from reviewing. The answer has been to pdst the reviewer
to any casual gathering of more than three faculty members. cares about the quality of the journal for some idiosyncreg@son [11].



Another class of systems where nodes simultaneously cdnstitute of Health (NIH) in the context of speeding up peer
sume and provide services are peer-to-peer systems in metew of grants [30].

working. In peer-to-peer systems, the problem of freeleade

who can consume more resources than they “earn,” has b&nOur proposed system

long recognized and protocols like BitTorrent use explicit Our proposed system for peer review is built upon a few
bartering (tit-for-tat) based incentives to enforce caafiee basic hypotheses:

behavior [16]-[18] to some success within a single transfer
Reputation systems [19]-[21] have become another importan
topic of study in light of eBay’s success, and it is natural
to combine them with peer-to-peer systems to help create
incentives for sharing even across different file transf22$—
[24]. The tension between incentives and privacy has alea be
addressed a bit within the file-sharing community, but mare i
the context of ecash-like systems [25], [26] and Sybil &isac
that rely on potentially cheap identities.

The existing literature, however, does not seem to address
the potential tension between public reputations and thd ki
of anonymity that is desired in the context of peer-reviews.
Since author identities and reputations for good work are
decidedly expensive, there is no need to fear Sybil attacks.
This makes the problem of scholarly peer review potentially
easier. Although there are some indications that anonymous

Although it takes a nontrivial amount of time to perform

a thorough review of a paper, a significant portion of the

current delay in reviewing a paper is the time that elapses
before the paper even gets read properly.

Human beings are more likely to meet commitments and
deadlines that are publicly proposed by themselves as
compared to those that are imposed by others.

« In practice, reviewing papers can be roughly divided into

two categories — “short-form reviews” that address the
clarity, style, novelty, and interest-level of the paperla
“long-form reviews” that validate the correctness of the
mathematical results in some detail. Short-form reviews
take less time and are also more subjective. It is here
that the experience and wisdom of the referee play a
larger role. Long-form reviews are more objective in
nature typically involving the correctness verification of

peer-review is not really necessary for quality purposés,[2
scholarly tradition favors it greatly. In peer-to-peer sharing

systems, the true identity of a peer is already hidden behir|1
an IP address, and protecting the IP address of a peer dﬁ’ﬁs

not always arise as a social necessity

Cash has the advantage of possibly motivating spee
reviews and doing so without being public (bank accounts afe
invisible). However, there are two major problems. The first
is budgetary: for the most part, we simply cannot afford to
pay enough to incentivize revieWsThe second issue is more
subtle — by paying cash for reviews we run the real ris
of destroying the “moral sentiments” of researchers. Samue
Bowles’ recent survey [29] reviews how experimental eco-

nomics strongly indicates that introducing monetary irnives

often degrades higher ideals, sometimes irreversibly.hWi

cash out of the running, it seems natural to study a ubfig” . . : :
g yap cEc_nnt the paper is available to the reviewer and will preshbimna

reputation based system. A diagnostic study of such n

financial incentives was recently conducted by the Nation

51f anonymous peering is desired, the traditional solutionilde to use an
anonymous routing strategy. Such systems have their owmdigiroblems
of reputations [28] that are again distinct from the ones éerpreview. In
particular, for anonymity purposes, the system likes to lzal of potentially
“free-loading” traffic within which to hide the truly secrégffic.

6To get a quick sense of why this is, consider the IEEE Inforomafiheory
society. It currently has a structural surplus of about ¥L@@r year and
publishes roughly 1000 journal papers per year. Assuming ¢hah needs
only two reviews, that gives $50 per review. This is cleart enough to
motivate a behavior change. If authors were asked to pay a ssiomifee,
this would almost surely be paid out of grants. A reviewinglégge enough to
motivate behavior change — say matching consulting rates —dveaguire
at least $500 per review and would result in significant tienssof money
from taxpayers to researchers that would not pass the “sestll’ it would
also raise problems with the educationally-useful praatickaving graduate
students and postdocs help with the reviews. A decent facudtmber would
then be compelled to share the reviewing money with the studenthis
point, the faculty member would have to file extra tax forms antife student
would have to deal with the taxes by treating this as self-egmént. Would
this run afoul of visa restrictions? All this just isn’t ptaml.

technical contents.

t the heart of our proposal is a pair of centralized systems.
e first tracks the score or “reputation” of any given person
€ exact score will be made precise in the following section
%ut the idea is that it decreases with every paper submission
and rises with every acceptable review. The score of each re-
earcher is publicly available (in delayed or distortediaars),
and it quantifies the extent to which the person is a good
scholarly citizen who serves the community by performing
ti(eviews commensurate with the load imposed. The scores of
students are clones of their respective faculty advisastes
until they graduate, at which point they get their own idigti
The second system is only semi-public. This allows a
Eesearcher to offer a commitment for a long or short form
view. The commitment includes a starting date (at which

£ read immediately) and an ending date (when the review
IS due). Assuming that researchers precommit to the review
starting times based on their schedules, the length of this
period is likely to be small, possibly around two to three
weeks. The second system also maintains queuksNetflix)

for each researcher consisting of papers that await his/her
review. Papers are added to the queue by the editors in
response to an accepted request for a review and can be
removed at any time by either the reviewer or the editor. Bape
in the queue are prioritized by the averdgriblic scores of
the author$ as read from the first system. At the beginning of

"The purpose of this is clear — students will themselves girtiaap the
rewards of the papers they help review as students in the &ren higher
score. It also creates another powerful incentive for fgcmembers to keep
a high score — to avoid disadvantaging your own students.

81f a coauthor is the researcher’s student, it counts onlyresperson.

9This provides another incentive to authors. If your scorkoig you will
end up being less attractive as a coauthor.



a review slot, the system sends the highest priority paptreto indicator if the point corresponds to a submitted or revigwe
reviewer to read. There is also some indication to the editpaper:

of the expected time-of completion for the currently queued M, — { 1 7 belongs toR;(t)

papers (subject of course to pre-emption by a higher pyiorit -1 0o.w.

paper) of any reviewer. This allows the editors to balanee th

; ) ) Th res’ fr rchei is defin .
delays across the different reviewers and out of self-@ster e scores(t) of researchet is defined as

effectively offer people papers to review in proportion heit 1 ML
own desired number of papers to review. SHt) = aSi(rim)+ 7 > M,
Not every review request must be queued up within the j=m+l1
second system. It is intended mostly for long-form reviews. wherer; ir, <t < Timir+1- 1)

Short-form reviews might very well be accommodated Ofpe coefficienta € [0,1] is a discount factor for the
an interrupt basis and we believe that the existence of sYghearchers' past activities, aridis a strictly positive integer
a system for getting Iong-form reviews mlght_make editorfat denotes the length (in ticks of the point process) of the
more comfortable in asking for short-form revie¥sin the researcher’s current activity. i = 0, then S;(¢) measures

following sections, we consider a mathematical abstradtd e (normalized) difference between number of submitteti an
such a system of long-form reviews and study the feasility o iewed papers neglecting the researchers activities fi
the system by addressing two key questions: Does the sys

sufficiently incentivize the review process? Can the anatym
of reviewers be preserved under a public reputation systemZyii- \Wwhen a paper is submitted by researchégr review,

i,m;(t)"

II. MATHEMATICAL MODEL the editor finds K researchers to review the paper. The
submitted papers are classified into a finite set of categGrie
Reviewer Assignment __Score Updation based on the autht® area of research and keywords. Given

the paper’s category and using the scores and earliesablail
) review times of all researchers, the editor sends requests t
) other researchers unti{’ affirmative responses are receivéd
) For every submitted paper, the action of requests sent by the
) editor and the corresponding researchers’ decisions teeagr

or disagree are combined into the single probability mass
5 FEN function {p(r) : r C {1,--- ,n},|r| = K}, wherep(r) is
\:\“‘ ﬁt) ::.,'ﬁ" \“‘\i Pi) :Eg probability that the researchers_ﬁ_ﬂnave agreed tp review

; —_ paper. In general, the probability mass functigrir)}
depends on the category of the paper, the scores of researche
Fig. 1. Public Reputation based Review System. Queues pomdsto the at time of submission, and the next available review slots of
prioritized queue maintained for each reviewer in the system. researchers. In the subsequent analysis, we provide rcertai

ResearchersConsider a pool of. researchers working in anconditions under which a review assignment can be termed
area. Researchersubmits papers for review at random times2s “fair” to the pool of researchers.

which we model as a point proces’(t). The researcher The very purpose of quantifying the service of a researcher
also maintains a precommitted review slot schedule, mddelé to incentivize the review process. If two papers are agslg

by a point process;(t). The points ofR;(¢) represent the to a particular researcher for review, the system ensums th
starting times of the review slots. The review duration i€ paper submitted by a researcher with higher priority is
assumed to be a constshiD. The review reception times of always assigned to an earlier slot than the one submitted by a
papers submitted by researcheis denoted by point processlower-priority researcher.

P!(t). Note that the reviews may not arrive in the same order m
as the submitted papers.
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. | NCENTIVIZING THROUGH PUBLIC REPUTATION:
STABILITY AND DELAY

Reputation/Score Based on the number of submitted and Homogenous Poisson Researchers

reviewed papers, each researcher has a time varying satre thin order to gain insights about the functioning of such
guantifies his/her service in the system. Specifically, wilnde a reputation based system, we analyze the special case of
a marked point procesgr; ,, My} wherer; ;, is the union of a homogenous researcher ppakhere all researchers have
points of the processe®;(t) and R;(t). The marker is an perfectly aligned interests, and every submitted paper is a

10Furthermore, useful unsolicited reviews of the preprintst thppear on 12For the purpose of avoiding conflicts-of-interest and seliew, the
arXiv.org can also be given credit by the associate ediitis has the benefit author’s identity is required to determine the appropriaigewers.
of giving people some amount of proactive control over theares without 13In reality, once a system like the one proposed is availableyight
having to wait to be asked for a review. make sense to have some redundancy in the system by askiregthan K
Liconstant review times are used merely for ease of presentatioresults  reviewers and then removing the paper from their queues ormegé reviews
can be extended to any delay distribution with bounded stippo are received. For simplicity, we do not consider this case.her



single author paper in an identical area of study. In thi® cagperforms reviews commensurate to the submission rate, then
¢ = {1,---,n}, and every paper submitted by researcherhis/her queue should be stable.

belongs to category. In general, the submission rates of re- Specifically, we define a review assignment functifi
searchers would be in an uncountable subspace of the gositiv be afair review assignmenif all researchers with scores
reals. However, for analytical purposes, we consider aefinigreater than or equal t& have publication stability.

set of possible submission rates, and we divide researcher$heorem 1:In a homogenous Poisson pool of re-

into a finite number of groups, such that all researchers $earchers, les; > S, > ---S’. Define F% as the set of all

a group have identical paper submission rates. Edte the review assignment functionf; that satisfy the following cri-
total number of groups, and all researchers in grgigubmit teria. Let fz (i, S,M)} = {p;(r)} andR’; =Ry {1, -k}
papers according to independent Poisson processes ofsatel. For everyi < k,

Let {R, C{l,---,n}:g=1,---,G} denote the partition Z pi(r) = 1.
of researchers into the corresponding groups. We model the (i k) !
prespecified review slot schedule(¢) of researchei to be ) T
an independent Poisson processes of rate 2. Foreveryi <k,icg
k
B. Publication Stability under Priority Assignments Z pi(r) = G)‘9|:R9| Hi .
At any given timet, the papers submitted by researchers to rc{1---k}:jer 2g=1 |53§/\)\g/ Zlﬁk»l#’lex’é H
the editor that have not yet been reviewed, can be treatedzasor everyi > k
a set of queues. Lef);(¢t) denote the length of the queue AR, | _
containing papers submitted by researchierbut not yet Z pi(r) < =712 Hi
reviewed. rC{1.--k}:jer Zg':1 |Rg|Ag Zl#i H
Definition 1: We define a researcheéito havepublication If m = argmax{i : 5, > K} > 1. and|R| > 2, then any

stability if and only if the queuea);(t) is stable. fr € T is a fair review assignment.
The score, as defined in (1), is highly time-varying for ani,o¢: “Refer to the Appendix. 0
finite 7, and since the review assignment is a function of the gpove theorem states that there is a class of review

the score, the system of queues would exist in a perpetuallysignments that guarantee fairness to researchers. iféreacr
transient mode. To facilitate mathematical analysis dfity,  inat define the class of review assignment can be explained

we consider the steady-state score defined as: intuitively. First, the papers submitted by researcher® wh
Si(t) = lim SiL(t). review commensurately with their submission rate, are only
a—0,L—oc0

reviewed by those with a substantial review rate. Second,
We assume an infinitely backlogged system, or in oth#dre group of a reviewer is first chosen with a probability
words, every researcher always has a paper to review. pooportional to the net arrival rate in that group. Withire th
the pool of homogenous Poisson researchers, the steady fabup, the paper is assigned to a reviewer with a probability
score for would then be given by the difference between thgiroportional to his/her standing in the group.
review and submission rates, normalized by the rate of theThe strategy of assigning papers of the safé¢ & K)
joint process:S;(t) = Z% Note that this would be the researchers within their pool is a conservative strategy th
score had the authors been awarded points for review slissufficient for fairness. In general, since the review saié
rather than completed reviews. Sinfg(t) thus defined is a some researchers would be higher thénthis pool of stable
one-one function of the ratix% irrespective of timet, for researchers can be expanded to include some lucky resesarche
the reminder of the stability analysis, we shall use= §* whose scores are barely enough to share the demands of
to denote the score of researcher the high-scoring researchers, and can stand to benefit from
the altruism of those researchers. Using the same class of
Fairness in Review AssignmensSince the choice of agreeingreview assignments from Theoreim the following theorem
to review a paper is a researcher’'s prerogative, we considbaracterizes the size of this expanded stable researobgr p
a probabilistic model where reviewers are assigned indepamd also provides the condition for instability.
dent of the next available slot times. In the special case ofTheorem 2:In a homogenous Poisson pool of re-
homogenous researchers with steady state scores, we @onsidarchers, les} > S} > ---S/ and let the number of groups
the class of review assignment functions of the fofm : G = 1. Under any review assignment Hﬁ% where
R"xR"x @€ — PE whereP™ ¥ is the simplex of probability m—1
mass functions over cardinalitk’ subsets of reviewers. If M* = arg max{m : Z % < K}, 2)
the list of scoresS = {s1,---,s,}, the list of review P Zj:l S; — S

slot ratesM = {p1,---, un}, then fp(S,M,7) = {p(r)} all researchers if1,--- ,M*} have publication stability. A
is the probability that the paper of categoiyis assigned researcher would not have publication stability if:

to researchers iw. The review assignment function should A K

depend on the rates and scores in a manner that would engurelU™* = arg min{k : S < Z Si}.

Wfa » o . . . 1 M K
fairness” in distribution of papers — as long as a researche =i M s))—s; ik




Proof: Refer to the Appendix. O of researchers increase or decrease their scores, cotiseder
Note that due to the definition dffgf*, the stable pool application of Theorem 3 to the following example. Consider

of researchers(1,---,M*} in Theorem 2 are guaranteedstable pool ofM researchers who submit papers at the rate of
publication stability irrespective of the scores of resbars 1 paper every six months, and each paper is to be reviewed by
{M* 4+ 1,M* + 2,--- ,n}. This safe poolcontains some K = 1 reviewer. Let% researchers precommit to review slots

researchers who review fewer thdt papers per submitted at the rate of once evedymonths, while the other half commit
paper and yet have stability. Theoréneffectively divides the at a rateu less than once every months. Then Figure 2.b
pool of researchers into four categories. The highest oagegplots the delays of the high priority (very safe) and low pitio

of researchers are theafe researchersvhose score exceedsresearchers a/§ increases to the fair six-month threshold and
K. As long as this pool is large enough, these researchers laggond.

guaranteed stability irrespective of what the actual scafe
the researchers are. The next category aréuttley researchers
who barely meet the criteria to enter the safe pool altho
their scores do not excedd. These researchers are vulneral
to be removed from the safe pool if the scores of hig
researchers decrease toward the safe thresholH.ofince
the threshold for instability may not always be equal
M* +1, some researchers who do not have a sufficient s . ——— : —
to enter the safe pool, might still be stable if there are gho..  Steady State Score Months/Review

residual slots in the system to guarantee their stabilibese (@) (b)

researchers belong to the Cate_gory fafeloaderswho are ig. 2. a) Delay versus score in a safe pabl= 1 review/6 monthsu
vulnerable to become unstable if the score of any research@ges fromi reviews months tol review20 months. b) Delay of group of
reduces. The last category is thatwfstable researchensho researchers as their scores jointly decrease.

face an unbounded delay in receiving reviews.

Average Delay
5 o
Average Delay
o ®o B
g .8 8

s
3
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C. Why Increase Score: Delay Reduction IV. ANONYMITY IN A PuUBLIC REPUTATION SYSTEM

Although the minimum score required by a homogenous The proposed public reputation system provides additional
pool of researchers for guaranteed stability/is one of the information to authors about the activity of researchers at
key incentives for increasing the score beyond the minimudifferent points in time. This additional information obtad
is reducing the delay in receiving reviews. As the score oftArough submission and review reception times can be
researcher increases, his/her submitted papers are giyleerh used to ascertain, or at the least narrow down, the set of
priority at every reviewer’s queue thereby reducing theralbe possible reviewers for any particular paper. For example, i
delay in review reception. The following theorem charaets the proposed system updates the scores of reviewers (which
mathematically the delays faced by researchers in the sale pare available in the public domain) instantaneously upon

as a function of all their scores. reception of a completed review, the identities fo all rexges
Theorem 3:In a stable pool of researchefs,---,M*}, can be determined perfectly. Theorefore, unless the scores
with scoresS] > S5--- > S’,., the average delay incurredof reviewers are “distorted”, no anonymity is achievable in
by researchet < M* (when K = 1) is given by: the system. In this work, we study the achievable anonymity
in a system where the scores of reviewers are allowed to be
1 1 updated after a bounded delay.

Di = s——7%5 2. =

Dithi<m SN e \ 1=
iki<m PN 5y 7= X1-081=57 ) author as EavesdropperEvery author observes the processes

1 {P;(n), P!(n),S;(n)} which are time-discretized versiofis
<7 T : - . (3) of the processeqP;(t)},{P/(t)} and {S;(t)} respectively
L= Y SI=S) T Tigki<m S1 from Figure 1. In other wordsX;(n) = ffTT_T Xi(t)p(dt).

Proof: Since the arrival and service times are exponentiallyé assume that an author who is serious about determining
distributed, the delay is a straightforward applicatiorstzfn- the identity of a reviewer would monitor these quantities fo
dard results in prioritized queuing systems, where\af7/1  the entire duration of operation of the system. The authors
queue serves two arrival processes with different prsifi  know the probability distribution of assigning reviewers,

By scheduling review slots at a higher rate, any researcrféld the (possibly random) strategy used in updating the
can increase his/her score beyond the preva'ent hlgh chqﬁgres of reVieWerS, but are unaware of the realization ®f th
to be guaranteed highest priority and as a result, obtain ti@@domnesses involved.
minimum possible delay in the system. This is evident from
Figure 2.a, where the delay of a researcher is tracked ag, , _ _ _ L

From a practical perspective, when arXiv entries, websitegournal

his/her score increases in a f'Xeq pool of researchers. fginotes are the sources of information, these quantiteemdeed observable
further understand the benefit of higher scores when a graaiy in slots.



Score Updation For a given delay constrainy, consider a cycle. At each updation slot, the author observes atength
deterministic strategy where scores of reviewers are epdatector containing the present scores of theesearchers. Let

periodically every N time slots. The author, therefore, isU = {us,---,u,, 6} be the set of update vectors observed
aware of the total number of reviews performed by eaaturing the cycle. Therefore, the total observation of thinau
researcher within (periodic) —slot windows. during the cycle isy = {T?, T",u,c}, based on which the

aposteriori probability of a paper being assigned to a vesie
Anonymity A key source of information to the authorscan be computed as follows.
is the order in which completed reviews are received. ToLet L(T"|T?,R) be the likelihood that review reception
understand this idea, consider a simple scenario where talies equall” given the arrival times of papefF? and the
researchers have identical scores which are high enough ftlexiewer assignment iR = {ry,r2,--- ,7,} (r; denotes the
every submitted paper gets reviewed in negligible time, armdentity of the reviewer for papef). Let w(i, R) = sup{j :
the order of reception of reviews is identical to the order gf < 4,r; = r;}. Then, L(T"|T?,R) =
submission. Then, as the deldyin score updation increases,
the number of reviews performed by each researcher would pel li—1 9 (’55 — max(t7, tL@,;g))) t7 = max(t], ¢, g))Vi
nearly the same, thereby providing maximum anonymity. | 0.W.
general, the orde_:r of review reception does_ provide infoiona whereg is the discrete-time approximation of the distribution
about reviewer identities. However, as will be demonsttate, ... . i
) . . ! . L of “inter-review” times:
in the subsequent discussion and simulations, this infiboma A
becomes negligible as the updation delay increases. 3(k) = { e r=ITIT(1 — e=rT) | — [2] >0, ©)

Consider the joint paper submission proceB¢n) = 0 otherwise

UPi(n). For thej™ paper inP(n), let g;(r) be the apos-  nte that every realization of the pali*, R would corre-

teriori probability that papeyj was reviewed by the subset Ofspond to a unique sequence of upddtesTherefore
researchers. The aposteriori probability is computed based on '

the complete observation of the author. Lgtbe the entropy: L(T"|T?, R, U) = { L(T7|T?,R) T",R,U consistent

0 otherwise
r=- Z g;(r)log g;(r). 4)

LT =K Using the above equation, the aposteriori probability that

paper: was assigned to reviewgris given by

Qi(j) = L(Tz = j|TT7 Tp7U7 C)
A(N) = liminf ST 5) _ Yra (U(TT R U) (I, pi(r)
J—oo Jlog (1) Lr (L(T7TP, R, U) ([[; pi(r))

The normalization in (5) ensures that the anonymity lieghere p;(r;) is the probability that a paper of category
in [0,1]. A(N) = 0 implies that all reviewers are perfectlyls assigned to reviewer; (obtained fromfz, see Section
identified by every author, whilel(N) = 1 implies that for Ill). The conditional entropy and the anonymity can then be
every paper, the set of reviewers are equally likely to be agpmputed using (4) and (5).
K —length subset of researchers. Using the derived expressions, we use simulations to

The observations of the authors can be divided into indepélgmonstrate the gain in anonymity due to delayed updation.
dent Cyc|es in time, where eadyde of observation begins SpeCiﬁca”y, consider a system where the total arrival odte
when the first paper arrives into a system of empty queuapers are according to Poisson process of xatéor ease of
(after an idle period ofV slots), and the cycle ends when alFomputation, we assume that each paper is reviewed by one
queues are empty again for a periodes'ots_ For Poisson Of 2 reVieWerS, neither Of Whom are authOI’S Of any Submitted
processes, the arrival and departure processes withretiff Paper> Researchers commit to review slots according to
cycles are iid and it suffices to consider the observatiohiwit Poisson processes of equal rate The probability that any
a generic cycle. Our goal is to demonstrate the efficacy BRPer is assigned to researcherfor review is given by
the simple delayed updation strategy, and for that purpogél) = pVi. From M/M/1 queue analysis, we know that
we focus on the scenario when each paper is assigned e length of cycles grows exponentially with'—. Hence,
reviewer (K = 1). It is intuitive that if K > 1, the reviewers for computational purposes, we divide the cycle into time-
can only have higher anonymity. periods of lengthN’ slots, and mandate that the review

Let n, be the number of papers that arrived in a Cyc|é9ception times of papers that arrived within ea¢hslot time
and letT? = {t!,--. ,» } be the arrival slots of the papersper_iod fall within the same time-period (by suitably a(jviagc
(wlog, t; = 0) within the ?:ycle. LelC = {c1,- - ,c,, } denote TEVIEW slots that cross over). Further, let the updatioragel
the categories of the papers that arrived during the cyaé. LIV be an integral multiple ofV’. While this truncation only
T" = {t7,--- ,t;, } be the review reception slots of the papers . _ _ _

L » . - Note that in reality, the pool of reviewers would be much lartan 2,
within the cycle. We know that the updation slots are peuod'and this represents the bare minimum required for any positioaymity to
although an updation slot may not coincide with the start oft@ achieved in a public reputation system.

We define the anonymityl (V) provided by the system is:




approximates the original system, it is easy to see thatias{l,---,m}, there are at leas? researchers from each

N'’, N increase, the difference in sample paths of the truncatgobup g (groups with0 researchers in the pool are precluded).

and original systems becomes negligible. Without loss of generality, let researcherbelong to group

1. Then, researcher will have publication stability iff the

virtual queues at every researcher{i2,--- ,m} containing

~ ose] only researchets papers is stable under a review assignment

in 3%. Let Q; ; denote the queue at researcheagontaining

I e only researchern’s papers. Consider ang € {2,--- ,m}.

= The arrival process of research&s papers into researcher

k's queue is a Poisson process, specifically, a thinned versio

o ulpdatezDela)jN p T T /4)\ FRF I of the A\; process with the thinning coefficient given by
@ N M(b) ZSQ{ZW,m}:kE_Spl(S)' Since researgher has the highest

priority, (); . Will be stable iff the arrival rate of researcher
Fig. 3. a) Anonymity versus updation delaj: = 4/N’,2u = 5/N’, 1 is less than the slot rate at researchetlet g; denote the

N’ = 500. b) Anonymity versus Scorex = 4, N’ = 500. group of researcher and let
Figure 3.a plots the anonymity as a function of the ratio .
N/N'. This ratio represents the number of independent win- IF — { |]ijo 9i 7 9i
. . 7, _
dows of observation between two successive score updates / [Rg.l =1 g5 =y

by the system. The anonymity increases with the increase . ) . )
in updation delay, and approaches the apriori entropy base e divide this analysis into two cases depending on whether
purely on the review assignment probabilities. That theosipr '€S€archek belongs to groupy, = 1 or not. If researchek
entropy is an upper bound is immediately obvious, as th&!0Ngs to groug, then@y, is stable iff
entropy conditioned on the observations is always less than m

the unconditional entropy (without having observed theresco MK AL, M <
updates). Figure 3.b shows that anonymity increases as the Zfzz AgIRg| + A 17, ZZ—G% Wi
review rates increase. The intuitive argument is that agwnev ‘ ' '
rates increase, there is less chance of completed revieiws awhich is true if:

ing out of order, which reduces the information availablé®

authors. This behaviour suggests that increasing anopymit Z i > K\
an additional incentive for researchers to have higherescor

/\1[f7k
- : .
> =2 ARG+ A (|Ra[™ — 1)

ie]ﬁk
V. CONCLUDING REMARKS

o _ . ince u; > K\ for all i € R¥ and |I, 1] = |RP| — 1,
. Th|s ar_t|clle has explored a way to |nqent|V|ze good SChy’IarEsearchen will have publication stability if
citizenship in the context of peer review — authors shou

review papers commensurate with the number of papers that AT

they submit. To do this, a system of public reputations for ZG AR _F)\ (R | 1) <1

authors has been proposed in combination with a peer-review 9=2"9""g 120

system that gives a higher priority to authors who havgnich is true. If researchek belongs to groud +# 1, then

reviewed relatively more papers. A crude analysis of thﬁ‘y replacing; (|R,, | — 1) by A|R,, | and ¥, by I¥, in the
system shows that this indeed incentivizes reviewing to the e argument, the proof follows. ' ’

extent that authors care about the reviewing delays that the Any researcher ins € {2, --
papers experience. To maintain the anonymity of the remwestability it VE < m: ’
we argue that the scores should be distorted in some way. In -

FhIS abstract, the process was distorted by sample-artiAgol Ag Ag 7 - " s—1 Ao g 177, (5%

it at a slow enough rate. However, we have not analyz RS S K SV -
the possible tension between this distortion and the asthor—¢ ol R3] Zieﬁ;’; Hi i=1 2g Al ZK?Z’; Hi
desire for guaranteed low delay. This would probably rezjair

transient analysis to complement the steady-state céitnta ~ YV& know that

- ,m} will have publication

here. We suspect that the distortion would cause authors to _ Ao I 1
want to overprovision reviews slots to a small extent to give Vi, k, Z—M < &
themselves a “safety margin.” JERG AL
APPENDIX: PROOFS Therefore, queué); , would be stable if
A. Proof of Theoreni s
’ / ’ / ’ Z L <1 O
Let 51 > S5 > - >S5 > K > S_mJrl > -8 b_g S AR S
the scores of the: researchers. According to the condition, j=1 49799



B. Proof of Theoren2 [6]

1. When G 1, all researchers have identical paper7;
submission rates\. We know from the previous proof that
if the number of researchers with score greater thais at [
least2, then the stable researcher pool is non-empty. It is easy
to see that showing/* > i is equivalent to every pair of [9]
queuesQ); ;, Q;,; being stable; every researchger< ¢ has a 10]
higher priority thani, and hence encounters a higher servidd
rate thani at researcherk < i. Further, due to the prioritized [11]
and proportionate reviewer assignmentQf ; is stable then (2]
the sets of queue§Qy; : k < i} and {Q; : k < j} are
all stable. Therefore, to determine ifis an element of the [13]
stable pool, it is sufficient to consider the stability cdiwdis
of queuesR); ;—1,Q;—1,. Queueq); ;_; is stable iff:

(14]

i—2 (15]
A B kY L < [16]
j=1Hj o1 2= Mg s
i 1 1 [17]
Y e <
s=1,s#i—1 ijl 55' =5 K
P : : i 1 1 (18]
Similarly Q;—1,; is stable iffy_ _, ., , ST S S ®

Since the scores are strictly decreasing, it'is easily shiban
this condition subsumes condition (7). Furthermore, sthee
conditions are necessary and sufficient, the definitiod/of
in the theorem represents the stable pool of researchdrs. 20]

2. According to the review assignment, the papers submitted
by every researcher outside the stable researcher pool2i$
proportionately assigned to all possible reviewers. Due to
the proportionate assignment, and the fact that the size of
the stable pool is determined by exhausting the slots B#]
high-scoring researchers, the stability criterion thaulddoe
violated for researchef > M* would correspond to a queue
Qr,; wherej < M*. Q. ; would be unstable iff:

(19]

(23]

0 M " k-1 "
At S _H
Yy ; PO TR TR yrt) g 124

Sincep; > p;+1Vi, the above inequality holds if
k—Mx*—1 1
= o o >1- G .
>ic1 S — Sk =372 = i
Rearranging terms,the theorem is proved.

(25]

O e
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