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Abstract: Digital archives of academic publications have enabled us to efficiently access a large volume of informa-
tion. However, its misuses have become a crucial problem lately. In this paper, we model typical misuses of documents
for academic publications, which enabled to propose a new model for automatic plagiarism detection.

1. Introduction
Digital archives for academic publications have enabled us to

efficiently access a large volume of information. However, its
misuses have of late become a crucial problem. Here, misuses,
we refer to, are plagiarism and inappropriate citation.

Plagiarism is “the act of using another person’s words or ideas
without giving credit to that person”*1, while inappropriate cita-
tion is a citing text that its assertion is not supported by the cited
document. In the case of inappropriate citation, thus the person
who should receive the credit is being denied. Therefore, inap-
propriate citation may also be a form of plagiarism. The problem
of plagiarism results in discouraging innovation and losing trust
in academic community. To alleviate this problem, a number of
methods for detecting plagiarisms specifically for academic pub-
lications have been proposed.

In a broad sense, plagiarism detection is a task to identify
whether a document in question was produced by means of pla-
giarism or not, and is often requested to present one or more
source documents as evidences for the plagiarism. As with an
adversarial information processing like filtering spam e-mails, a
person who conducts plagiarism, or a plagiarist for short, usually
intends to hide the plagiarism, for example, by means of editing
and summarizing source documents. As a result, plagiarism de-
tection is a cat-and-mouse game between plagiarists and people
who develop plagiarism detection systems.

To speed up the development of plagiarism detection systems,
it is common to model and simulate the plagiarism because find-
ing document created by means of plagiarism, or plagiarized doc-
ument for short, is costly. For instance, Alzahrani et al. [1] mod-
eled plagiarized document in academic publications as a docu-
ment that has similar fragments with other documents without
citing them, and simulated plagiarism by automatically combin-
ing and editing one or more documents to create a plagiarized
document for evaluating their model.
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In this paper, we modeled plagiarism for academic publication
in citation networks. Citation is used when one borrows ideas or
words from another person, and consequently links his/her docu-
ment to the cited one. Therefore, ideas or words in citing texts can
be associated with the cited document, and serve as complement
to it when detecting plagiarism. For instance, it may be more re-
liable to also compare plagiarized document with fragments of
text that cite (or “citing texts to”) its source document, instead
of comparing the source document alone, because the citing texts
may contain ideas that are used in the plagiarized one. Thus, by
modeling plagiarism in citation networks, we may be able to im-
prove the capabilities of plagiarism detection systems.

Whereas the above scenario is associated with intentional pla-
giarisms, detecting unintentional plagiarisms are also important
to avoid innocent mistakes. Fang et al. [4] investigated approx-
imately 2 000 papers that were once indexed by PubMed but re-
tracted later and found that 9.8% of them were retracted due to
being judged as a plagiarized paper. Irrespective whether those
papers are associated with intentional or unintentional plagiarism,
effective methods for plagiarism detection will have a significant
impact on our society.

2. Related Work
As plagiarism detection is a cat-and-mouse game between pla-

giarists and people who develop systems of plagiarism detection,
and collecting a large number of acutal plagiarized documents
are costly, modeling and simulation strategy are commonly used
to speed up the development of the systems.

In the early plagiarism detection, since plagiarist creates docu-
ment by means of other documents, people modeled plagiarized
document as the one that has similar fragments of text with the
others. For example, Potthast et al. [6] [7] adopted this model
and subsequently simulated it to create plagiarized document for
PAN workshop, a competition on plagiarism detection. In their
first simulation [6], plagiarized document was automatically gen-
erated by combining and editing one or more documents ran-
domly from a document collection, while in the second simu-
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lation [7], the plagiarized one was manually written by means of
one or more documents that were retrieved using a search engine.

In the PAN workshop, people used these datasets to test their
proposed methods, which were mostly adopting the above model
of plagiarized document, for example, Grozea et al. [3] applied
character n-gram comparison to measure the degree of similarity
between the plagiarized one and its source documents. However,
this model ignores the fact of citation, which may be an inappro-
priate one, or an innocent case because citing text may be similar
to the cited document.

To consider the fact of citation, people then modeled plagia-
rized document as the one that has similar fragments of text with
the others and does not cite them, for instance, Alzahrani et al. [1]
created plagiarized document, and proposed a method to detect
plagiarism based on this model for academic publications. They
created plagiarized document by means of one or more document
without citing them, and used the existence of citation to filter
the innocent case in their proposed method. However, this model
underestimates the fact of inappropriate citations, which may go
undetected.

More recently, a model of plagiarism was proposed by Gipp et
al. [5], which was motivated by the action of plagiarists that target
content containing citations, such as literature review section of a
document. They modeled plagiarized document in their proposed
method as the one that has similar fragments of text, structure of
citation anchors *2, and list of document in reference with others.
However, this model also underestimates the inappropriate cita-
tion and ignores the potential of citation network especially citing
text, as it focuses only on citation anchor and reference list.

To summarize, three models had been proposed to define pla-
giarized document as:
( 1 ) The one that has similar fragments of text with others.
( 2 ) The one that has similar fragments of text with others with-

out citing them.
( 3 ) The one that has similar fragments of text with others, simi-

lar structures/patterns of citation anchors, and similar docu-
ments in reference list [5].

However all of them ignore the problem of inappropriate cita-
tion, which is also form of plagiarism and the potential of citation
networks to improve plagiarism detection systems, especially that
use citing texts and citation links to model plagiarism.

The usefulness of citation network has been recognized in
many applications, for example, Fujii et al. [2] re-ranked patents
in patent retrieval using count of how many times patents are cited
by the others because patent cited by many others is important
(e.g. the patent become a basis of its citing patents).

Whereas above work uses citation link, Ritchie et al. [9] ap-
plied citing texts extracted from citation networks to increase
terms of cited document for information retrieval, because citing
texts contain description of some aspects of the cited document,
consequently their terms should be good for index of the cited
document. This reason also motivated Qavzinian et al. [8] to use
citing texts for creating summary of the cited document in the
task of automatic summarization.

*2 citation anchor refers to the alphanumberic code that points to a docu-
ment in reference list

Fig. 1 Illustration of basic idea

Fig. 2 Situation when a related work is plagiarized

Fig. 3 Situation when large part of or novelty is plagiarized

Since there is a few work that model plagiarism detection that
use citation network, despite its potential that has been shown
in many applications, in this paper, we modeled it for academic
publications.

3. Proposed Model of Plagiarism Detection
3.1 Basic Idea

The basic idea of our model of plagiarism detection is to use
citation network of candidate source documents (e.i. citing text
and citing-cited relations). For the sake of simplicity, we only as-
sume two documents B and C, and also assume B cites C. B and
C can be expanded to a set of documents, namely Bi’s and Ck’s,
respectively. Document A is plagiarized by means of either B or
C. Figure 1 illustrates this situation.

3.2 Detecting Plagiarism in Citation Networks
Here, we elaborate our ideas for modeling our plagiarism de-

tection using citation networks. In short, we explain how to detect
plagiarism using documents that are cited by the source docu-
ment, using documents that cites source documents, and by de-
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Fig. 4 Situation when inappropriate citation exists

tecting inappropriate citation. We also explain the situation when
there is no plagiarism taking place. The details of them are ex-
plained as follows:
( 1 ) Using C to detect plagiarism for B

We assume a situation where A is plagiarized by means of
B. A possible scenario is to plagiarize a literature review in
B regarding C. In such a case, A must satisfy the following
conditions:
( a ) A contains a specific amount of fragment that is similar

to one in B, and
( b ) Citation information, such as citation anchor and bibli-

ography for C, is maintained.
In summary, a high similarity between A and B with respect
to fragments associated with C and the existence of the ap-
propriate citation information for C in A suggests the possi-
bility that A has been plagiarized by means of B. Figure 2
illustrates this situation.

( 2 ) Using B to detect content plagiarism for C
In this case, A must satisfy the following conditions:
( a ) A contain a specific amount of fragment that is similar

to one in C and/or B, and
( b ) Citation information, such as citation anchor and bibli-

ography for C, is not contained.
The reason why we use B instead of C is that using Bi’s
will be more reliable than a single document. In summary,
a high similarity between A and B with respect to fragments
associated with C and the absence of the appropriate cita-
tion information for C in A suggests the possibility that A
has been plagiarized by means of C. Therefore, a possible
scenario here is to plagiarize large part of text of C or nov-
elty of C, which B agrees that the novelty belongs to C, as
illustrated in Figure 3.

( 3 ) Detecting inappropriate citation
This is the opposite case of the above (2), where the cita-
tion to C exists but the similarity between A and B, and/or
between A and C is small. As in the above (2), increasing
the number of Bis will be more reliable than relying only a
single B. The situation of inappropriate citation is illustrated
in Figure 4.

( 4 ) No plagiarism
No similarity between A and B/C and no citation link be-
tween A and C.

3.3 Formal Definition
Based on previously explained conditions for plagiarism and

inappropriate citation, here we formalized them using the follow-
ing conditions:
• Condition (I):

S im(A, Bi) = maxk S im(A, Bi,Ck) >= θ (1)

The equation above represents the similarity between A and
Bi is the maximum similarity between A and Bi with respect
to Ck, and also that similarity is equal or greater than a pre-
determined threshold theta. We can also replace maxk with
sumk, depending on the definition for the similarity between
two documents.

• Condition (II):

Cite(A,Ck) = True (2)

The above condition represents A cites Ck with a citation
anchor.

Based on two conditions above, we can perform classification
whether A is plagiarized document and B/C is its source docu-
ment. The rules for the classification are:
( 1 ) Condition (I) is True AND Condition (II) is True:

A is a plagiarized document.
B is a source document.

( 2 ) Condition (I) is True AND Condition (II) is False:
A is a plagiarized document.
C is a source document.

( 3 ) Condition (I) is False AND Condition (II) is True:
A is a plagiarized document.
C is a victim of inappropriate citation

( 4 ) Condition (I) is False AND Condition (II) is False:
No plagiarism

3.4 Implementation
To implement our model, first, we have to define the similar-

ity function in the condition I or the equation 1, but before that,
we have to understand the process of plagiarism detection. Gen-
erally, detecting plagiarism needs to compare an input document,
in this time we assume that the input one is plagiarized document,
with every document in a collection one by one, and ranks these
documents according to their comparison scores in order to put
the source documents on the top of the list, thus, the source doc-
uments can be identified easily. Therefore, we may ignore θ in
equation 1 for this time. However, we still need to define the sim-
ilarity function in equation 1 to compute document scores based
on the classification rules.

In the equation 1, we measure similarity between A and Bi

with respect to Ck. Bi represents a document in collection, hence,
the number of Bi’s is equal to the number of documents in the
collection and i iterates from the first document to the last one in
the collection. While Ck represents document that is cited by Bi,
hence, the number of Ck’s is equal to the number of documents
cited by Bi. Therefore, the equation 1 means that it compare A
and Bi to compute scores for Ck’s, as a consequence, this equation
function returns some scores for each Ck (Score(Ck)).
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According to the rule (2) and (3) in Section 3.3, we define the
equation 1 as:

S im(A, Bi) = S core(Ck) = NPS im(A, Bi,Ck)+

ICS im(A, Bi,Ck)
(3)

with:
• NPSim(A, Bi, Ck) represents the score of Ck when larger

part or novelty of Ck is plagiarized in A, which is calculated
using Bi, and

• ICSim(A, Bi, Ck) represents the score of Ck when it becomes
the victim of inappropriate citation of A, which is also cal-
culated using Bi.

We then define NPSim and ICSim based on the rule (2) and (3)
in Section 3.3 as:

NPS im(A, Bi,Ck) = maxk (1 −Cite(A,Ck))×

S im(A,CiteText(Bi,Ck))
(4)

ICS im(A, Bi,Ck) = maxk Cite(A,Ck)×

(1 − S im(CiteText(A,Ck),CiteText(Bi,Ck)))
(5)

with:
• Cite(A, Ck) represents a condition whether A cites Ck with a

citation anchor, if the condition is true, the value is equal to
1, or otherwise 0,

• CiteText(A, Ck) and CiteText(Bi, Ck) represent fragments of
A and Bi that cites Ck,

• Sim represents a function that measures the similarity be-
tween two texts (e.g. cosine similarity function)

• maxk may also be replace with sumk on the application, be-
cause we have Bi’s.

Since Ck’s are also contained in the collection, at some point,
Ck is Bi. However, not all Bi’s may become Ck, because it de-
pends on whether they are cited by other documents or not. If
a document is not cited by any document in collection, there
is no chance this document to become Ck. In other words, the
Score(Ck) is 0. This situation is not good for plagiarism detection
system, because plagiarist may take advantage of this.

To overcome this situation, we add the score of Ck by defin-
ing another function based on the rules in Section 3.3. Since we
also have not considered the rule (1), we define a function that
represents this rule as well.

FinalS core(Ck) = S core(Ck) + DocS im(A,Ck)+

CTS im(A,Ck)
(6)

DocS im(A,Ck) = Cite(A,Ck)(1 − S im(A,Ck))+

(1 −Cite(A,Ck))(S im(A,Ck))
(7)

CTS im(A,Ck) =
1
k′
∑

k′
S im(CiteText(A,C′k′ ),

CiteText(Ck,C′k′ ))

(8)

with:
• FinalScore(Ck) is the final score for Ck that is used to rank

document by the system of plagiarism detection,
• DocSim(A, Ck) is the document similarity between A and

Ck

• Sim represents a function that measures the similarity be-
tween two texts

• CTSim(A, Ck) represents the normalized similarity score of
citing texts to between A and Ck, and

• k’ is the number of documents cited by Ck.

3.5 Advantage of Our Model
Since we use citation networks to model our plagiarism detec-

tion, it enabled us to use many documents to detect plagiarism
for a document, which is more reliable than using that document
alone. For example, when plagiarized document contains an orig-
inal idea of the source document, our model compares the plagia-
rized one with the others that cite the source document by means
of their citing texts. Since ideas or words in citing texts can be as-
sociated or original to the cited document, in this case the source
document, to identify the original idea that is plagiarized is prob-
ably better to compare the plagiarized one with citing texts rather
than comparing the plagiarized one alone.

We may see citation as vote, because many people vote an ideas
belongs to a person, when there is somebody wanting to claim the
idea, we can reject the claim without doubt because many people
know who is the owner of it.

Because in our model we also address the problem of inappro-
priate citation, which is one of the forms of plagiarism, and the
problem when people plagiarize a literature review, it may lim-
its any modification related to citation. For example, if a citation
is replaced its anchor or changed its content by plagiarists, our
model may idenfity this citation as inappropriate one, or if they
re-order its presentation in their documents, our model may still
identify this plagiarized one, because our model compares citing
texts with the respect to the cited documents. As a result, it may
be difficult for plagiarists to do their actions in our model.

3.6 Simulation and Future Work
Since simulation is also common strategy in developing the

system of plagiarism detection, in order to speed up the process,
we plan to use this strategy to test our model of plagiarism.

We plan to test our model using the existing dataset from
Alzahrani et al [1]. This dataset was constructed by automati-
cally simulating plagiarism by means of one or more documents.
Given a random document, they added fragment of text from
other documents and also applied some text modification meth-
ods (e.g. auto-paraphrase, auto-summarization, or double-back
translation). However, this dataset is still lack of inappropriate ci-
tation cases. To overcome this problem, we may do the following
strategies:
• Annotating the case of inappropriate citation manually in

this dataset, and/or
• Automatically creating instances of inappropriate citation

cases using this dataset by randomly assigning citation an-
chors to fragments of text or replacing citation anchors of
citations by other documents.

4. Conclusion
In this paper, we proposed a new model of plagiarism detection

using citation networks. We model this by modeling the misuse
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of documents, namely plagiarism and inappropriate citation. In-
appropriate citation is also one of the forms of plagirism, because
the person who should receive attribution of that citation is being
denied.

We created rules to classify whether a document is plagiarized
one, a source document, or a victiom of inappropriate citation.
We also defined a scoring method for retrieving source docu-
ments.

By modeling plagiarism in citation networks, it enables us to
use many documents to detect plagiarism for a document. As a
result, it may be difficult for plagiarists to perform their actions
in our model.

For future work, we plan to implement our model and evaluate
its effectiveness by using existing dataset. Since inappropriate ci-
tation case is not available in the dataset, we may develop this as
well.
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