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Internet growth seems to amplify the critiques to peer review mechanism: many re-
searchers maintain that Internet would allow a faster, more interactive, and more ef-
fective model of publishing. However, just removing peer review would lead to a lack
of quality control in scholarly publications. We propose a new kind of electronic schol-
arly journal, in which the standard submission-review-publication process is replaced by
a more democratic approach, based on judgments expressed by the readers. The new
electronic scholarly journal is described in both intuitive and formal ways.

1 Introduction: scholarly
journals and peer review

The communication mechanism that modern sci-
ence still adopts nowadays arose in the 17th Cen-
tury, with the publication of the first scientific
journals reporting, in paper form, the ideas, dis-
coveries, inventions, of researchers. Nowadays,
since about 1930, the dissemination of schol-
arly information is based on peer review: the
researcher that wants to disseminate her work
writes a paper and submits it to a scholarly jour-
nal; the paper is not immediately published, but
it is judged by some referees; if they judge it ad-
equate, the paper is published.

The peer review mechanism ensures a reason-
able quality of the published papers, and it is usu-
ally retained an adequate solution, though not the
ideal one. Indeed, the peer review mechanism can
be (and has been) criticized. Sometimes, the re-
viewing process takes too long, even one or two
years, so that the published paper describes some-
thing old. Sometimes the reviewers do not do a
good job, accepting a bad paper or not accepting
a good one, that after two years cannot be resub-
mitted because too obsolete. Sometimes, referees

introduce some bias in published papers: for in-
stance, in medicine field, papers describing neg-
ative results seem more difficult to publish than
paper describing positive ones. And one might go
on.

Internet has changed, and is changing, this situ-
ation [1, 2, 7, 11]. A peer reviewed journal can be
distributed by electronic means. The refereeing
process too can take place completely electroni-
cally, drastically reducing time and money: see,
e.g., JHEP (http://jhep.sissa.it) or Earth Inter-
actions [5] (http://EarthInteractions.org). Multi-
mediality can lead to a more effective communi-
cation [5]. Of course, there are also some draw-
backs of electronic journals (copyright problems,
legal validity, accessibility, and so on), and they
seem not to have a large impact by now [4], but
the general feeling is that this is a temporary sit-
uation, and we just have to wait some years for
overcoming these temporary problems.

Internet growth seems to amplify the cri-
tiques to peer review: many researchers main-
tain that Internet would allow a more fast, elas-
tic, interactive, and effective model of publishing.
Nadasdy [10] suggests substituting peer review
with democracy: each submitted paper is immedi-



2 Informatica 17 page xxx—yyy

ately published and readers will judge it, selecting
what they deem useful. Of course, the problem
with this approach is that the readers may not be
capable of correctly judging the paper: whereas
the referees are chosen among the experts in the
field, everybody can read and judge a paper pub-
lished on Internet.

Nadasdy’s proposal is not an abstract one.
In a few years, this model of publishing might
become a de facto standard, as witnessed by
two examples, already existing today: the “do
it yourself publishing” (authors publishing in
a web site their ideas), and public reposito-
ries of scholarly papers (where authors can pub-
lish papers classified in some categories—see,
e.g., http://ArXiv.org). The threat that these
(without-quality-control) mechanisms will replace
the (with-quality-control) peer review journals is
a real one.

A proposed solution is to replace peer review
with peer commentary: readers will write in a
public commentary their judgments on the read
papers. It seems a viable solution, but Harnad,
after some practical experience with this solution,
says that “peer commentary is a superb supple-
ment to peer review, but it is certainly no substi-
tute for it” [3].

We propose a more sophisticate mechanism.
We describe a new kind of electronic scholarly
journal, with the aim of changing the submission-
review-publication process, making it more auto-
matic, keeping anyway at a high level the qual-
ity of scientific papers, and providing also a way
of measuring in an automatic and objective way
the quality of researchers, extending and im-
proving the well known impact factor mechanism
(http://www.isinet.com/hot/essays/7.html). We
try to make a step further on the road suggested
by the not refereed journals just mentioned, and
to present a mechanism that avoids some of the
previously described problems.

This paper, that extends and revises previous
work [8, 9], is structured as follows. In Section 2,
the mechanism is described in an intuitive way.
In Section 3, the behavior of the whole system is
formally defined by means of some formulae. Sec-
tion 4 discusses some open problems and future
developments.
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2 General description

The basic idea is the following. Imagine a schol-
arly journal in which each paper is immediately
published after its submission, without a refer-
eeing process. Kach paper has a score, measur-
ing its quality. This score is initially zero, and
is later dynamically updated on the basis of the
readers’ judgments. A subscriber of the journal
is an author or a reader (or both). Each sub-
scriber has a score too, initially zero and later
updated on the basis of the activity of the sub-
scriber (if the subscriber is both an author and a
reader, she has two different scores, one as an au-
thor and one as a reader). Therefore, the scores of
subscribers are dynamic too, and change accord-
ingly to subscribers’ behavior: if an author with
a low score publishes a very good paper (i.e., a
paper judged very positively by the readers), her
score increases; if a reader expresses an inade-
quate judgment on a paper, her score decreases
accordingly, and so on.

Every object with a score (author, reader, pa-
per) has also a steadiness value, that indicates
how much steady the score is: for instance, old
papers will have a high steadiness; new readers
(authors) will have a low steadiness. Steadiness
affects the score update: a low (high) steadiness
allows quicker (slower) changes of the correspond-
ing score. A steadiness value increases as the cor-
responding score changes.

While time goes on, readers read the papers,
judgments are expressed, and the corresponding
scores and steadinesses vary consequently. The
score of a paper can be used for deciding to read
or not to read that paper; the scores of authors
and readers are a measure of their research pro-
ductivity, then they will try to do their best for
keeping their score at a high level, hopefully lead-
ing to a virtuous circle (publishing good papers
and giving correct judgments to the read papers).
A steadiness value is an estimate of how stable
(and, therefore, reliable) the corresponding score
is.

For understanding the details of the automat-
ically refereed journal proposed here, let’s follow
the events happening when a paper is read and
judged by a reader. The following scores and
steadinesses change:

— Paper. The paper score is updated: if the
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judgment is lower (higher) than the actual
paper score, the paper score decreases (in-
creases). The score of the reader determines
the weight of the judgment: judgments given
by higher rated readers will be more impor-
tant (will lead to higher changes) than judg-
ments given by lower rated readers.

The steadiness of the paper increases, since
the score of the paper is now computed on the
basis of one more judgment, and is therefore
statistically more reliable.

— Author. The author’s score is updated:
when the score of a paper written by an au-
thor decreases (increases), the score of the
author decreases (increases). Thus, authors’
scores are linked to the scores of their papers.

The steadiness of the author increases, since
the score of the author is now obtained with
one more judgment and is therefore statisti-
cally more reliable.

— Reader. The reader’s score is updated:
if one reader’s judgment about a document
is “wrong” (too far from the average), the
reader’s score has to decrease. Then, the
reader’s score is updated depending on the
goodness of her judgment (how much ade-
quate her judgment is, or how much it agrees
with the current score of the paper).

The steadiness of the reader increases, since
her score, computed on the basis of the good-
ness of her judgments, is obtained on the ba-
sis of one more judgment.

— Previous readers. The scores of the read-

ers that previously read the same paper are
updated: if a judgment causes a change in
a paper score, all the goodnesses of the pre-
viously expressed judgments on that paper
have to be re-estimated. Therefore, a judg-
ment on a certain paper leads to an updating
of the scores of all the previous readers of that
paper.
The steadinesses of the previous readers in-
crease since the goodnesses of the readers,
that lead to their scores, are obtained on the
basis of one more judgment.

The updating of the scores of the previous read-
ers deserve further explanation. After the paper
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score has changed, it is possible to revise the good-
ness of the old readers’ judgments, and to update
the old readers’ score consequently: for instance,
if an old reader r expressed a judgment j that
was “bad” (distant from the paper score) at that
time, but after that the paper score changes and
becomes more similar to j, then the score of  (s;)
has to increase. Let us take into account a simple
concrete example (see Figures 1, 2, and 3):

— At time %y, we have a paper p with score
sp(to), three readers ry, ro, and r3 with their
scores Sy, (t), Sry(to), and sy, (o).

— At the following time instant ¢, > to (Fig-
ure 1), reader r reads paper p expressing the
judgment j,, ,(t1) (continuous double arrow
line in figure). This causes the updating of
the scores of p and r1 (dashed line in figure):
we obtain s,(¢1) and s, (t1).

— At time t2 > t1 (Figure 2), reader ry reads
p expressing jp, »(t2). The scores of p and ry
are updated consequently, leading to s,(t2)
and sp,(t2). But also the score of r; has
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to be updated (dotted line in figure), since
the goodness estimated at time t; for j,, ,(t2)
with respect to sp(¢1) has to be re-estimated
now that the score of p is s,(t2).

— At time t3 > ty (Figure 3), r3 reads p ex-
pressing jp, »(t3). This changes the score of
p (sp(t3)), the score of r3 (s,(t3)), and the
scores of the previous two readers (s,,(ts3)
and s, (t3)).

In other words, the goodness of a reader’s judg-
ment is an approximation of the ideal goodness,
defined as the difference between the reader’s
judgment and the final score of the paper (i.e.,
the score obtained when the last judgment on that
paper has been expressed). Since the final score
is obviously not available when the judgment is
expressed, it has to be guessed (updating of the
reader), but this guess is revised and refined as
time goes on and tends to = +oo (updating of
previous readers).

3 Invariant properties

In this section, we will present some formula, in
order to formally specify how to compute the val-
ues of the scores and steadiness of paper, author,
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reader, and previous readers, depending on the
expressed judgments.

Let’s start with some notation. We will denote
with:

— t and t; the discrete time instants. We as-
sume that t;11 immediately follows ¢;, and
that between ¢; and t;1; only the explicitly
specified events will happen.

— 5,(t),8p(t), 84(t) the score of a reader, a pa-
per, and an author, respectively, at time t.
We will sometimes omit the time indication
when this does not rise ambiguity. The val-
ues for s)(t) and s4(t) are in the range [0, 1]
(0 is the minimum and 1 the maximum),
whereas the values for s,(t) are in the range
10,1]. This difference will be explained in
Section 3.3.

— 0,(t),0p(t), 04(t) the steadiness of a reader,
a paper, and an author, respectively, at time
t. All the steadiness values are in the range
[0, +-o00].

— Jjrp(t) the judgment expressed at time ¢ by
reader r on paper p.

— t,p the time instant of the judgment ex-
pressed by r on p (we are implicitly assuming
that each reader can judge each paper only
once). We will write j,, instead of j, (¢, p).

3.1 Paper

Given a paper p, its score is the weighted mean of
the judgments previously expressed by readers on
p. The weight of each judgment is the score that
the reader has when she expresses the judgment,
to give more importance to the judgments given
by better readers.

Definition 1 (Paper score s,) Given a paper
p, the set R,(t) of readers that expressed a judg-
ment on p before time ¢, and the time instants
of judgments expressions t, ,, we have Vr € R)(t)
the judgment j,, expressed by r on paper p and
the score s,(t,,) of r at time t,,, i.e., the score
that the reader has when she expresses the judg-
ment. We can then define the score of paper p at
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time t as:

Z Sr(trp) - Jrp

reERp(t)

> seltep)

reRy(t)

sp(t)

Remark 1 Consistently with Formula 1, the
score of the paper before any judgment is ex-
pressed on it is zero.

Remark 2 The score s,(t) of a paper is modified
only when a judgment on p is expressed.

Remark 3 In Formula 1, each judgment is
weighted on the basis of the score that the reader
has when she expresses the judgment (s,(t,p)).
The alternative of using the score that the reader
has “now”, i.e., when the mean is calculated
(sr(t)), seems less preferable since the reader’s
competence has probably changed in this period.

Let’s now see how to measure the steadiness of
a paper. The steadiness of a paper has to measure
how stable its score is. To define it, a first attempt
might be as the number of judgments expressed
on that paper. However, it seems reasonable that
a judgment expressed by a good reader should
be more important, and give more steadiness to
the paper, than a judgment expressed by a reader
with a low score. Therefore, we define the steadi-
ness of paper p at time ¢ as the summation of the
scores that readers have when they express their
judgments on p.

Definition 2 (Paper steadiness o,) Given a
paper p, the set R,(t) of readers that expressed
a judgment on p before time ¢, and the time in-
stants of judgment expression t,,, with t,, <,
the steadiness of p at time ¢ is:

Z Sr (tr,p)- (2)

reRy(t)

op(t) =

Remark 4 The steadiness value of a just pub-
lished, and not yet judged, paper is zero.
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Remark 5 The expression in the denominator in
Formula 1 is exactly the steadiness of the paper.
Therefore, we can rewrite Formula 1 as:

Z Sp (tr,p) : jr,p
Sp(t) _ rERy(t) Up(t) ] (3)

3.2 Author

Given an author a, her score at time ¢ can be
defined in two equivalent ways:

— As the weighted mean of the scores of the
papers previously published by a. The weight
of each paper p is the steadiness of p, a value
that sums up all the scores of the readers that
expressed a judgment on p (see Formula 2).

— As the weighted mean of the judgments pre-
viously expressed by readers on the papers
published by a. The weight of each judgment
is, again, the score that the reader has when
she expresses the judgment.

Let’s define formally the first alternative, that
uses the steadiness of a paper to weight the papers
scores.

Definition 3 (Author score s,) Given an au-
thor a and the set P,(t) of papers published by a
before time ¢, we have Vp € P,(t) the score s,(t)
of p at time ¢ and the steadiness o, (t) of p at time
t. We can now define the score of author a at time
t as:

7 op(t) - sp(t)

PEP,(t)

Z op(t)

PEPy(t)

Sa(t) (4)

Following the second alternative, we can define:

Z Z Sr(tr,p) : jmp

e PEPL(t) \reR,(t) )
2. | 2 sl
PEPL(t) \reR,(t)

where P,(t) is the set of papers published by a be-
fore time t, R, (t) is the set of readers that judged
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paper p before ¢, s,(t, ) is the score of r at time
trp, trp <t are time instants of judgment expres-
sion, and j, ) is the judgment expressed by r on

paper p.

Remark 6 Using Formula 2 and 3 to rewrite the
summations in parentheses in Formula 5, it is easy
to see that the score of an author computed with
Formule 4 and 5 are equivalent.

Remark 7 Consistently with Formulae 4 and 5,
the score of the author before any judgment is
expressed on her papers is zero.

Remark 8 s,(t) is modified only when the score
of one of the papers published by a changes, i.e.,
when a judgment on a paper published by a is
expressed.

Remark 9 As discussed in Remark 3, in For-
mula 5 each judgment is weighted on the basis
of the score that the reader has when expresses
the judgment (s, (t,p)).

The steadiness of an author has to measure how
stable her score is. We can define it equivalently
in two ways, as the summation of the steadiness
of her papers and as the summation of the scores
that the readers had when they expressed a judg-
ment on a paper of the author. The first alterna-
tive leads to the following definition.

Definition 4 (Author steadiness 0,) Given
an author a, the set of papers P,(t) published
by a, and the steadiness o,(t) of each paper
p € P,(t) at time ¢, the steadiness of author a at
time ¢ is:

oa(t) =

> oplt). (6)

PEP,(t)
[ |

Following the second alternative, we can define
(with the usual notation):

Yo D seltry): (7)

PEP,(t) reR,(t)

oa(t) =

The equivalence of Formulae 6 and 7 follows im-
mediately from Formula 2.
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Remark 10 Since the denominator in Formula 4
is exactly the steadiness of the author (For-
mula 6), we can rewrite Formula 4 as:

E : op(t) - sp(t)
PEP,(t)
Sa(t) = O’a(f,) . (8)

3.3 Reader

First of all, we need to define a measure of how
good a judgment is.

Definition 5 (Goodness) Given the score sp(t)
of a paper p at time ¢ and the judgment j,., by
reader r on p, the goodness, calculated at time ¢,
of the judgment j,, is defined as:

1- |jr,p - Sp(t)| . (9)

Gjrp (1)

Remark 11 The goodness depends on the time
instant at which it is computed (¢ in Formula 9),
since s, can change also after the judgment ex-
pression (because of other judgments).

Given a reader r, her score is the weighted mean
of the goodness of the judgments she has previ-
ously expressed. If we gave the same weight to all
the goodnesses, we might define:

> g, ®

pEP:(t)

0] (10)

sr(t)

where s,(t) is the score of reader r at time ¢, P,.(t)
is the set of papers judged by r before ¢, |P.(t)| is
the cardinality of P,(t), jr, is the judgment ex-
pressed by r on paper p, and g;, (t) is the good-
ness, calculated at time ¢, of the judgment j, .

However, the weight of each goodness should be
different on the basis of the steadiness of the paper
being judged. For instance, a wrong judgment
on a paper that has been previously judged by
many readers should weight more than a wrong
judgment on a paper whose score is calculated on
the basis of very few judgments. The steadiness
of the paper being judged should be taken into
account, and the previous Formula 10 for s, (¢)
has to be rewritten as follows.
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Definition 6 (Reader score s,) Given a
reader r and the set P.(t) of papers judged
by r before time ¢, we have Vp € P.(t) the
steadiness o,(t) of p at time ¢, the judgment j,,
expressed by r on p, and the goodness g;, ,(t) of
the judgment j,,, calculated at time . We can
define the score of reader r at time t as:

Z Up (t) ' gjr,p (t)

pEP(t)

Z op(t)

pEP(t)

sr(t)

Remark 12 The initial value of s, should be, ac-
cordingly to Formula 11, zero. But this would
lead to a division by zero in Formula 1 (if we
compute the score of a paper that has not been
judged yet). We therefore define this initial value
as s, = €, where € is a small value that will be
neglected after some judgments are expressed.

Remark 13 The score of a reader r changes
when:

— r judges a paper. This adds one element to
the set P,(t) and one new addendum to the
summations in Formula 11.

— A reader ' # r judges a paper that has pre-
viously been judged by r. This causes the
score of the paper to change, and this leads to
changing the goodness of the judgment pre-
viously expressed by r.

Remark 14 All the goodnesses are calculated at
time ¢, to have the better estimate that is possi-
ble. We are implicitly assuming that the estimate
improves with the number of judgments.

Remark 15 For the same reason, the steadi-
nesses are calculated at time ¢ too: in Formula 11,
we have o,(t), not op(t,p).

The steadiness of a reader has to measure how
stable the score of a reader is. A good measure
might be the number of judgments expressed by
a reader. However, since a judgment expressed
on a paper with a high steadiness value should
give more steadiness to the reader, we define the
steadiness of a reader as the summation of the
steadinesses of the papers judged by her.
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Definition 7 (Reader steadiness o,) If P.(t)
is the set of papers judged by a reader r before
time ¢, the steadiness of r at time ¢ is

Z op(t).

PEP;(t)

Ur(t) = (12)

Remark 16 The denominator in Formula 11 is
the steadiness of the reader (right hand side in
Formula 12). Therefore, Formula 11 can be
rewritten as:

Z Up (t> : gjr,p (t)

pEP:(t)
or(t)

Remark 17 Although the steadiness of a reader
is not used in the other formula, it is however
useful to judge the reliability of a reader.

Sr(t) = (13)

4 Conclusions and future
developments

We have described, both intuitively (Section 2)
and formally (Section 3), an electronic scholarly
journal in which the standard peer review process
is replaced by a more democratic approach based
on judgments expressed by the readers.

The formulae in Section 3 are different from
what presented in [8, 9]: the formuls presented
here define some invariant properties of the sys-
tem, that must hold at each time instant, whereas
the formule in [8, 9] define how to update the val-
ues of score and steadiness of papers, authors, and
readers as time goes on. The invariant properties
are simpler than the updating formula, and thus
it is straightforward to understand and justify
them from an intuitive point of view; the correct-
ness of the updating formulae is more difficult to
grasp at an intuitive level, but the equivalence of
the two approaches can be formally proved. More-
over, because of some improvements and simplifi-
cations, the formulae presented here are not fully
equivalent to those in [8, 9].

Generally speaking, this proposal can be seen
as an improvement of the dissemination of schol-
arly information through on line journals. More
specifically, it can be seen as an improvement
of the well known impact factor mechanism, of
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the democratic journal proposed in [10], and of
collaborative information retrieval and filtering
[6], since it allows distinguishing among “good”
and “bad” collaborators. Two other proposals
that are similar, but less formalized, are those by
Stodolsky [12] and by Varian [13].

This proposal is not free from problems. In
general, one may wonder if democracy is a good
approach to knowledge dissemination. Of course,
it is difficult to have an objective opinion on that:
it could be appropriate, or appropriate in some
fields only, or not appropriate at all. We believe
that only by further studies and experiments we
can find an objective answer. However, it has to
be emphasized that the mechanism proposed here
is different from democracy, since different read-
ers will have different importance. More specific
problems are briefly discussed in the following.

A problem is lazy readers: a reader can simply
confirm the previously expressed judgments, giv-
ing to each read paper a score equal to its actual
score, with the aim of obtaining a high goodness.
Two solutions seem suited here: give higher scores
to fast readers (those that first read the papers),
and do not show the paper score for a period after
its publication (for instance, until when its steadi-
ness reaches a certain value). Moreover, the strat-
egy adopted by such a lazy reader might be a bad
one, and lead to a low score for her, if the judg-
ments by the following readers change the score
of the paper.

Another problem might be the lobbies, i.e., peo-
ple that agree in mutually giving high scores. This
might not be a problem at all, if the whole sys-
tem can be modified to behave, by choosing ap-
propriate formulse and constants, in a way that
discourages the lobbies; if this is not the case, the
solution would probably be to implement some
software able to detect such situations.

Of course there are technical difficulties too,
e.g., the identification of subscribers, or the huge
amount of storage needed for recording the pa-
pers, the subscribers’ data, and the history of ex-
pressed judgments. But these can be surely han-
dled by database and cryptography technologies.

It is also easy to see some mandatory improve-
ments:

— To deal with papers with more than one au-
thor. That should be easy: the judgments
on the paper cause a modification of all the
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authors’ scores, weighted on the basis of the
importance of the contribution of each author
to the paper.

— To have more scores, both for subscribers
(authors and readers) and papers: compre-
hensibility, technical soundness, originality,
and so on. In this way, a more detailed eval-
uation is available. If just one single number
is needed, a weighted mean of all the scores
of a subscriber (or a paper) can be used.

— To have more than one journal, with different
acceptance thresholds: an author must have
a score larger than the threshold for pub-
lishing. Younger researcher will subscribe
to lower rated journals, and “first class”
journals will accept only well established re-
searchers. The mechanism presented in this
paper can also be used as a complement of,
instead of a replacement to, peer review: the
initial score of a paper can be given by a
standard peer review, thus allowing an au-
thor with a low score to submit her paper to
an higher rated journal.

— To allow the subscribers know why their
score is decreasing, i.e., which “wrong” judg-
ment, or paper, causes that, and eventually
let them revise their judgment or withdraw
their paper.

— To introduce some sort of rent function, for
decreasing the score of subscribers that are
inactive for long periods of time.

— To allow the readers to express, besides the
numerical judgments also a free text com-
mentary on the paper. The commentary
can then be considered as a paper itself, and
judged by other readers, but it is linked to
the paper it comments, and the score of the
commentary can affect the score of the paper.

Finally, we sketch how we intend to proceed
with this research. A software simulator of the
electronic journal proposed here is currently un-
der implementation. We also plan to use some
mathematical models and techniques for formally
studying the behavior of the whole system and for
studying other similar approaches. More in detail,
some typical cases could be simulated, e.g., what
happens to a reader’s score when she expresses a
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judgment that is correct but far from the average;
it would be possible to understand if and how the
order of the judgments expressed by the readers
affect their final score, or if the initial conditions—
i.e., the number of initial readers, their score, and
so on—are a critical factor for having a stable sys-
tem; we might use a bet-like approach, in which
each reader has some money and bets on some
papers; and so on.

These theoretical and experimental activities
will allow to verify that the behavior of the
system is correct and consistent and to choose
in a more reliable way among the possible for-
mulze and parameters. After that, the software
for the complete system will be implemented,
tested, and evaluated. An ideal environment for
these experiments is a repository of preprints, like
ArXiv (http://ArXiv.org/). We plan to execute
some laboratory experiments (with simulated pa-
pers, authors, and readers) and some real life ex-
periments (involving real users), mostly within
the TIPS project (http://tips.sissa.it), recently
funded in the 5th Framework Program of the EU.

These theoretical and experimental activities
will also allow to determine the relations between
the values of some parameters and the real situa-
tion: indeed, it is likely that the values of param-
eters depend on figures like the number of sub-
scribers, the rate of papers publishing, the rate
of judgments expression, and so on. These de-
pendencies must be singled out and, in case the
above presented formulae turned out to be inade-
quate, new ones need to be proposed and evalu-
ated. Again, ArXiv seems the ideal environment
for this issue.
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