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Abstract. Plagiarism is constantly evolving and it
occurs in almost all language areas, taking different
kind of forms and shapes. To create a sophisticated
plagiarism, the linguistic abilities of a particular
language are needed. Today’s Internet content,
adapts more and more to its users and language
areas. English is not any more so prevalent on the
web because contents in other languages occurs. As
plagiarism increasingly evolves development of new
solutions that they can compete with is crucial. One
of these temporary solutions is the PlagScan plugin
for the learning management system Moodle.
PlagScan has among outer things an exceptional
ability to find plagiarism in the Croatian language.
So we're not talking about local search and
comparison of plagiarism, but rather finding matches
of plagiarized content with the original web content in
the Croatian language with extremely low cost.
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1 Introduction

The development of technology makes it easier to
access the contents or the appropriation of
phraseology and paragraphs by the simple command
“copy/paste”. Although the development of modern
technology solve the problems associated with writing
papers and availability of data, the problem of
plagiarism and violations of academic honors has
increased continually in a progressive matter. It is
difficult to determine the exact reasons for plagiarism,
but knowing human nature, we can assume that each
person tends to achieve success in a lighter and easier
way, as in this case, the appropriation of finished
content. Thus, frequency of plagiarism is increasing,
the development of information and communication
technology facilitates unauthorized downloading of
contents, but thanks to the same technology, various
computer programs and online services are developed
which helps to detect plagiarism (Bazdari¢ et. al.,

2009). One of the most popular system for creating
online-courses based on socio-constructivist paradigm
of learning is the learning management system
Moodle (Jadri¢, Cukusi¢ & Lenki¢, 2013). Lately, the
demand for use of e-learning systems like Moodle,
Merlin, MuDri, Loom and many others has increased.
Such systems represent a content repository for course
materials, and student works. Databases with a large
number of papers, are very suitable for plagiarism in
various forms, where the most commonly used
method is “copy/paste”. Although there are many
alternative software to detect plagiarism, mostly in the
form of desktop application, priority of their use is the
economical factor. Since systems for e-learning are
dominating and intensively used in Universities it is
necessary to apply solutions in the form of upgrades
that would allow the current system an instant content
check and plagiarism search. In this way there is no
wastage neither of time nor resources. Desktop
applications require a certain PC performance, while
upgrades to the system for e-learning is not so
demanding in terms of performance for the PC of the
user. So far, there exist few software to detect
plagiarism in the form of plugins for specific e-
learning systems. For example, previous research
shows that authors already used and tested plugins
Vericite and Crot Pro on the Moodle system. They
showed exceptional results by searching the web
sources (Hercigonja & Vukovac, 2015). This test was
performed as a search for matches with the
corresponding web sources. Similar research has been
done by Biggam and McCann in 2010 with the aim of
raising awareness about plagiarism and improve
referencing skills of students (Le Nguyen et. al.,
2013). Another study of the same type intends to take
place at the University of Rijeka using Turnitin plugin
that will automatic scan all thesis’s and other papers
for plagiarism. All these plugins give high hope for
reducing the rate of plagiarism, but the usual problem
is the price and possible restrictions for using them.
For example, the license per year of the Turnitin
software is 12,000.008 (“Srednja.hr”, 2016). The
objective of this case study is to address the strengths
and weaknesses of using software for plagiarism
detection for different languages as well as their
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comparison. The solution that is proposed in this
paper, show better results than existing plugins for
plagiarism detection in the Croatian language both in
this price domain as well as in the domain of the
success of finding plagiarism.

The rest of this paper is organized as follows:
Section 2 describes the current state of the art in this
field, Section 3 presents the result of the performed
case study, Section 4 provides comparisons of various
tools for plagiarism detection, Section 5 gives an
outline of future research steps that needs to be done
in order to improve plagiarism detection, and Section
6 concludes the paper.

2 Recent work

The problem of academic plagiarism has been present
for centuries. Academic plagiarism is defined as the
use of ideas and/or words from sources without giving
due acknowledgement as imposed by academic
principles. Observations of academic plagiarism
reveal a variety of commonly found forms: literal
plagiarism, shake and paste plagiarism, paraphrasing,
technical disguise, translated plagiarism, idea
plagiarism and self-plagiarism (Meuschke, N., &
Gipp, B., 2013). Researchers discovered that many of
todays the proposed methods for plagiarism detection
have a weakness and lacking for detecting some types
of plagiarized text. Some of recently proposed
plagiarism detection techniques that are widely in use
can be classified into character-based methods,
structural-based methods, classification and cluster-
based methods, syntax-based methods, cross
language-based methods, semantic-based methods
and citation-based methods (Osman, A. H., Salim, N.,
& Abuobieda, A., 2012). Most of the work in
document plagiarism has been done for academic
purpose. Detecting plagiarism is important to judge
and mark students’ work especially for postgraduates
who are strictly prohibited from cheating, rewording,
rephrasing, or restating without referencing. In this
regard, numerous plagiarism detection systems have
been developed. These systems can be classified into
two main categories, web-enabled systems and stand-
alone systems (Bin-Habtoor, A. S., & Zaher, M. A.,
2012). Turnitin is the most well-known commercial
plagiarism detection system to which many
universities from UK and USA subscribe. It uses an
enormous database from the Internet and previous
student works to be compared with the query
document. (Heckler, N. C., Rice, M., & Hobson
Bryan, C., 2013). In the 2004 calendar year, Massey
University had 41,436 students enrolled in five
Colleges — Business; Creative Arts; Education;
Humanities & Social Sciences; and Sciences. The
University is spread across three physical campuses.
The Turnitin system produces reports which identify
the percentage of other text used in an assignment, as

well as a colour grading indicator for assignments
which ranges from red (up to 100% copied) through
orange, yellow, and green to blue. Preliminary results
of this first trial involving 949 assignments over
classes controlled by nine lecturers found around 9%
of assignments falling in the ‘bad’ Turnitin yellow to
red levels (25% to 100% reported copying) (Goddard,
R., & Rudzki, R., 2005). Next we mention cross-
language plagiarism. Cross-language plagiarism
occurs if a text is translated from a fragment written
in a different language and no proper citation is
provided. Regardless of the change of language, the
contents and, in particular, the ideas remain the same.
Whereas different methods for the detection of
monolingual plagiarism have been developed, less
attention has been paid to the cross- language case.
Authors compare two recently proposed cross-
language plagiarism detection methods (CL-CNG,
based on character n-grams and CL-ASA, based on
statistical translation), to a novel approach to this
problem, based on machine translation and
monolingual similarity analysis (T+MA). They
explore the effectiveness of the three approaches for
less related languages. CL-CNG shows not be
appropriate for this kind of language pairs, whereas
T+MA performs better than the previously proposed
models (Barron-Cedeno, et. al.,2010). E-learning is
also becoming an increasingly common if not an
essential strategy in academic institutions. However,
this new teaching mode also brings about new forms
of academic misconduct. The most common ones in
students’ assignments we identified were the
following (Orthaber, S.,2009):

e Language, writing style, vocabulary, tone,
and grammar were above the students’ actual
level;

e  Pronouns did not correspond to the gender of
the text producer;

e  Web sites listed in citations were inactive;

e Look of grey letters in the text;

e Strange and poor layout such as more than
one fonttype in a single text, references to
hyperlinks, paragraphs with background
color, strange texts or lines at the top or
bottom of the page were indications that the
text was downloaded or copy- pasted from
the web;

e References to accompanying material that
was not included in the text;

e Quotes in the paper did not have citations;

e The length of the paper was considerably
longer thaninstructed;

e Certain information in the copy-pasted text
waschanged to the extent that the text did not
make sense anymore.

The problem described above is not isolated to this
particular case. In fact, with the spread and wide use
of the internet, internet plagiarism is becoming a
ubiquitous issue at several educational institutions.
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3 PlagScan plagiarism detection
software

PlagScan plugin is specialized for detection of
“copy/paste” manifestation of plagiarism (see Figure
1). PlagScan works by searching for matching content
from web sources. Price for the licensed product is
19.99% on a monthly basis.

PlagSgan Documents.

Hello Zoran
Herconpa!

| Sokeclod I Check [h Dekle |
1 docx 1230 words [517% heport>> IRERURARERL

Figure 1. PlagScan interface

The trial version of the product includes a 30 day
try out period with additional restrictions. The trial
version requires a certain number of words, maximum
2,000 words per document (“Moodle plugins Library:
PlagScan Plagiarism”, 2016). The overall quality of
plagiarism search patterns, determining the level of
copied content as well as the thoroughness of the
report, is equal to the quality of the licensed version
of PlagScan (see Figure 2).

Analyzed document
Diving has to be planned and carried out in a responsible manner, making sure that first aid equipment and
relevant phone numbers are at hand if an accident should take place [SJETISTGIMN Finally, itis important to
know the signs of decompression sickness and to be able to give first aid to the diver who has been affected Jg
[AIBISIN Beware of diving bells though; they have become more and more popular at tropical beach resorts
lately as a method of experiencing nautical adventures without proper training or brains JREJESNDIVing bels is
an obsolete way of diving and should only be utiized by professionals in salvaging operations at great deaths

fike the Swedish Regal ship Vasa or the German WWIl bate cruiser Bismarck Ji@fINot for looking at coral at a
depth of a measly 9m in some lagoon. It can be dangerous. Don't do it. What is decompression sickness {8 {4}
BB Decompression sickness, by many referred to as ‘the bends® or‘diving sickness”, is triggered when
bubbles of nitrogen forms in the blood and tissue of a body. These bubbles followwhen & person rises from
deep water to shallow water, where the pressure is lower, too quickly. The symptoms of the bends occur almost
1ses [E8JH you or a

dive-mate exhibits symptoms of decompression sickness, immediately stop the dive, start administrating first

immediately after & completed dive and can lead to catalepsy or even death in ser

Figure 2. Document analysis

PlagScan supports multiple Moodle versions: 2.0,
2.1,2.2,2.3,2.4,2.5,2.6,2.7, and 2.8. It also supports
several different types of document formats: pdf, doc
and docx (“PlagScan Plagiarism Checker”, 2016).

3.1. Materials and methods

For the purpose of testing and quality control of this
plugin, two tests were performed. Both tests were
searching correspondence between the tested content
and the web sources. The aim was to compare the
quality of the plugin by conducting the process of
plagiarism detection for the content in English and
Croatian language. The duration time of the process
of detection and the percentage of detected plagiarism
was measured. Two test documents on the same topic
were made: one in Croatian language and the other
one in English. Each document contained the same
number of words: 873 words in total. The number of
words used is reduced to 873 words because of the
trial restrictions for PlagScan. Contents are taken
from the same source, Wikipedia on the topic
“History of the steam engine.” Wikipedia was used
because the frequency of visiting and the supports for
multilingual presentation of content. It is well known
that Wikipedia published content in a various number
of languages. That was the reason for using such
contents. The contents are taken directly with the
method “copy/paste”.

3.2. Results

In both conducted test the goal was to determine the
quality level of the plugin. Therefore, the following
quality indicators were specified:

1. The duration time of the process of detection,
2. Percentage of copied content and
3. The number of detected web sources.

3.3.1. The test document in English

The duration time of the process of detection was 6.4
seconds. The process of detection found concurrency
of 94.0% within the content (see Figure 3).

P]ag\S\cau Results of plagiarism analysis from 2016-04-26 12:30 Testni_dokument_engleski.docx

0,
SOl | | O

Figure 3. Percentage of plagiarism

High level of copied content is announced and
marked in red color. The process of detection revealed
two levels of plagiarism: complete and partial
plagiarism. Part of the content is marked in red color
and described as exact match or a complete
coincidence while the other part of the content is
marked in green color described as possibly altered
text through modification of the text. This can be
interpreted as text recognition of partial plagiarism
that was not fully taken up by the method
“copy/paste” but rather was slightly modified by
using own words of the author (see Figure 4).
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Filename: Copy_Paste_Testni_dokument.docx Date: 2016-01-06 15:22

PlagSican
X Results of plagiarism analysis from 2016-01-06 15:23

15 matches from § sources, of which  are online sources.
Print | Download as POF || Show comparison View as st | Word document (docx) with annotations | Share
@ [0] (8 matches, 62.4%) from hitps
@ [1] (2 matches. 10.4%) from

(+2 documents with identical matche:
@ (4] (1 matches, 6.3%) from bib irb h/da

ory/prim

uenici_akeijski_istraivai pdf [ rign

e e e |

ostvaruje. buduci da se odraduju .na licu miesta" ([6][8]). Ve¢ina suvremenin zanimanja, a

posebno uéiteisko. susrece se 5 kompleksnim zahijevima prakse u kojoj probleme nije

Gitelji postaju aktivni sudionici u procesu istrazivanja. AKCisko istraZivanje
i€an proces promatranja, opisivanja. planiranja, djelovanja. refleksije.

alni materijali sami po sebi
jskinistraZivania ukazui

118 Rt nastave ke, Rezunat ojnih edul
moderne tehnologiie samo djelor punjavaju otekiva
o avanja plodotvorni

avova u 0dnosu na moderne tehnologiie (5]
j mieri Koliko nastavnici uspijevaju iskoristiti njinove

Ugenje pomocu interaktiviin materijala esto Je | brze jer Korisnik koristi vise razine misaonin

Figure 4. Detailed analysis

Within the text, PlagScan made additional
analysis. PlagScan marked the content in red, blue
and green color. In the text he was able to recognize
pieces of content that have been cited. This category
is called marked as quotation. Number of located
Internet sources was 29.

3.3.2. The test document in Croatian language
The duration time of the process of detection was 2

seconds. The process of detection found concurrency
of 94.3% within the content (see Figure 5).

Plag(Sican Resuts of plagarsm analysis fiom 2016-04-26 12.29

AN O 2010251228

Testni_dokument_hrvatski.docx

94.3%

Figure 5. Percentage of plagiarism

Number of located Internet resources was 11.
PlagScan as in the first test made within the content
an additional selection. Part of the content is marked
in red and described as exact match or a complete
coincidence while the other part of the content is
marked in green color described as possibly altered
text that is the result of modification of the text (see
Figure 6).

Filename: Copy_Paste_Testni_dokument.docx Date: 2016-01-06 15:22

In the text PlagScan did not identify parts such as
the cited content, although such content in the test
document was present. So, he did not recognize the
category marked as quotation. This is the primary
disadvantage in comparison with the previous test
over English content (see Table 1).

Table 1. Comparison of results

Tests/Features 1% test 2™ test
The duration time of
the process of 6.4 seconds | 2 seconds
detection
Percentage of 94.00% 94.03%
plagiarized content
Number of located 29 11
Internet sources

Plag(Sican
gokar Results of plagiarism analysis from 2016-01-06 15:23
15 matches from 5 sources, of which 5 are online sources.
Print| Download as PDF || Show comparison | View s list | Word document (docx) with annotations | Share
@ [0] (8 matches, 62.4%) from https /po;
@ [1] (2 matches, 10.4%) from https //po; Hanign: match
(+2 documents with identical matches)
@ (4] (1 matches, 6.3%) from bio.irb.Nr/datoteka/478147.80gnar_2009_Uttel]_I_uenici_aKcijski_istraival.paf  Hghight meises nsouree
@ M smacnes | | | | 1 1

ostvaruje. buduci da se odraduju .na licu mjesta® ([6][8]). Vecina suvremenih zanimanja, a
posebno uiteljsko, sustece se s kompleksnim zahtjevima prakse u kojoj probleme nije

moguce unaprijed uocit, a jos vise ponuditi jasna rjesenja i iesenja koja se mogu primijenti
U danasnjo) skoll ucitelji postaju aktivni sudionici u procesu istrazivanja. Ak
measmua sistematitan poces promalranja, opishanf \Jm\ama djelovat

derne tehnclogle samo delomiEno Ispunlavalu oéekaniate s ujedno Istiée
vaznost njihove kompetentne primjene radi osiguravanja plodotvornin nastavnih situaciia
Ksavaju ucenje [4]. lako su metod kil prepoznati kao veoma bitnl, oni u
m broju izvjestaja njene modernin medija ostaju u sjeni
Jja same tehnolo 05U na moderne tehnologiie (5]
materijali su efikasni samo u ono oliko nastavnici uspijevaju iskoristiti njinove

Utenje pomocu iteraktivnin materiala Gesto je | brze jer Korinik koritivise razine misaonin

Figure 6. Detailed analysis

The performed tests showed excellent results.
Percentages of the plagiarized content reached almost
100%. Judging by the number of detected web
sources, the first test with the content in English, took
three times longer than the second test with the
content in Croatian language. Although both test
documents contained the same number of words for
the analysis (total 873) the cause of a prolonged
duration for the first test is the existence of multiple
web sources with the same content (total 29). It is
evident that the test content in Croatian language
resulted in identification of only 11 sources. Test
content in Croatian language showed a higher
percentage of copied content in relation to the test
content in English language. The difference in
percentage between both test is very small, only 0.3%.
In the test with the content in Croatian language the
category marked as quotation was not recognized,
which resulted in an increase in the percentage of
plagiarized content of 0.3%. For example, this
category has been successfully recognized and
registered with the test content in English. Therefore,
these 0.3% were not recorded in the category of
complete plagiarism. In both tests PlagScan proved its
quality in finding plagiarism at both speaking regions.

4 PlagScan versus various
plagiarism detection software

For the purpose of testing and comparing the quality
of PlagScan versus other plagiarism software a new
test document was created. The prepared test
document contained common knowledge on the topic
of diving. Sentences and fragments of the test
document were chosen randomly and literally taken
from Web sites, international blogs and chat groups
by the method of “copy/paste”. Due the restrictions of
API call’s the sample document contained exactly
1,410 words and fifty different sources in English.
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Table 2. PlagScan versus various plagiarism detection software

PlagScan VeriCite URKUND Turnitin Crot Pro
Accessories / N
Features . Crot Pro
a Can VeriCite UMIN Plagiarism
: Checker
The time required to > minutes 8 minutes
q. . and 14 3 seconds 5 seconds and 34 24 hours
detect plagiarism
seconds seconds
The percentage of 51.7%. 95% 91% 64% 26%
plagiarized content
The number of
detected web source 27 43 35 10 9
from a total of 50
Sensitivity for I\:Ivlogrlcll_sl?;l/e; High-level High-level Low-level Low-level
pattern recognition row line line section section

According to the table 2 the best results in all of
these features shows VeriCite (“VeriCite”, 2016). The
time required for the process of detecting plagiarism
is extremely short. Also the obtained output results for
recognized plagiarized content are very convenient.
From 95% VeriCite identified 43 sites from where the
content was taken. Urkunde (“Urkunde”, 2016)
literally compete with VeriCite if we look at the time
required to detect plagiarism that took just about few
seconds. Also the percentage of determined
plagiarized content, the number of detected web
sources and the sensitivity for pattern recognition at
the level of the word are very similar. On the other
side PlagScan (“PlagScan”, 2016), a commercial
plugin, who is not distinguished by the best results,
direct compete and exceeds the listed plugins at the
level of pattern sensitivity. PlagScan recognizes and
searches web sources using individual words in the
pattern. This high level of sensitivity contributes to its
quality. Turnitin (“Turnitin”, 2016) and Crot Pro
(“Crot Pro”, 2016) have common features regarding
the number of detected web sources and the low
sensitivity for pattern recognition. The last category
contains plugins which are very poor quality, one of
them is the free plugin Crot Pro. The very process of
analysis and detection take too long considering
meager results of the report. Compared with
commercial plugins, Crot Pro is very poor regarding
all features listed in the table. From all of the tested
plugins listed in the table, taking into account the
basic functionality and performance results to detect
plagiarism, commercial plugins VeriCite and
PlagScan have proven to be better and are
recommended to use. Of course also the plugin
Urkunde is a direct rival for the plugin VeriCite, both
in functionality and in the results of detecting
plagiarism. If we compare the price of the license for

the two plugins, it can be said that the one-year
license for Urkunde is too high in relation to its
functionality, detailed reports and the use of available
repositories. For example, VeriCite with almost
identical features and functionality achieved about the
same results with half the amount of the one-year
license that Urkunde demands. For Urkunde we are
annually required to pay 2058.28$, while VeriCite’s
monthly subscription requires only 93.00$ what
would calculated on an annual basis be 1116.008S.
Urkunde is overpaid for its functionality. Besides that
VeriCite and its functionality includes the ability to
detect plagiarism on a local basis of documents that
are submitted under the same Assignment.
Furthermore, the monthly subscription of 19.99$ for
the plugin PlagScan is completely justified. PlagScan
has a very high pattern sensitivity at the word level,
and generates extremely detailed reports with lots of
information. Such functionality and features
correspond to the proposed amount.

5 Discussion

Under consideration for further research, it is
necessary to determine the quality of the software
through the search for other forms of plagiarism, such
as “Shake&Paste”. “Shake&Paste” plagiarism implies
that the plagiarist has managed to fit copied contents
from a number of different authors in the same
section. In this section the plagiarist can now combine
multiple taken contents from different authors or
dismiss repetitive portions or connect parts of taken
sentences. This kind of plagiarism is very hard to
detect. Former software in this area are not successful
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for detecting “Shake&Paste” plagiarism. They must
be further developed. Another important question for
future research is to improve the software so that it
can fully distinguish clearly marked quotes from
copied contents which was the case with the
performed analysis of this work.

6 Conclusion

Plagiarism as a tribute now has a serious and highly
sophisticated enemy, multilingual software for
plagiarism prevention, not only in world languages,
but also in Croatian language as well. Such solutions
could lead to a reduction in the number of plagiarism
for the overall field of education. PlagScan showed a
very high quality through the use of its functionality
that can truly be of great help to education. He could
be the foundation for the development of similar
software. But the development of highly sophisticated
software to detect plagiarism, raises the question of
payment for the license on the one side and the return
of investment on the other side. If the user is a teacher
and he needs to detect plagiarism for student
assignments several times a year, then the full
potential of this plugin is unused. The license cost for
the plugin of several thousand dollars per year does
not return the investment. On the other side a
multilingual software to detect plagiarism would be a
good solution in terms of cost-effectiveness license
payment.
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