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Abstract—Detection of plagiarism in students’ source codes
in college-level programming courses is an important topic for
instructors and institutions that seek to pursue project-based
learning while enforcing honor codes and maintaining tradi-
tional grade-based skill assessment methods. There are different
approaches for plagiarism detection currently being researched.
This paper aims to answer the question: What does the literature
report on source code plagiarism detection in university settings?
To answer that, we used a systematic mapping process of
recent literature. We selected 109 papers published between
2015 and 2020 that deal with this subject specifically in an
educational context. We found that this research area is currently
expanding and being studied worldwide. There were papers from
37 different countries, and the number of publications per year
has been increasing since 2017. The most targeted programming
languages are Java, C++, C, and Python. The most studied
plagiarism detection tools are MOSS, JPlag, SIM, Plaggie, and
Sherlock. Our study also identified new methodologies created
to tackle this problem, such as the analysis of students’ typing
patterns or their coding style. We noticed that the proposed
solutions are mainly based on static source code analysis instead
of following the development process. This paper describes our
findings.

Index Terms—programming, plagiarism detection, source code,
academia, education, similarity, mapping

I. INTRODUCTION

The large amount of information available online has made
it easier to commit plagiarism in the academic environment.
Plagiarism can be defined as when someone presents another
person’s ideas or work as their own [1]. This type of problem
cannot be ignored primarily for ethical reasons. Plagiarism can
also damage the reputation of institutions and the development
of students who do so.

A specific type of plagiarism to be studied is the plagiarism
of source codes in programming assignments at universities.
Detecting students who copy the source code from others
is an area of investigation with considerable relevance for
institutions seeking to improve the quality of their teaching,
as well as to increase the reputation of the professionals they
are educating. This research area has produced a large number
of papers describing experiences with detection tools already
used in the academia [2] as well as suggestions for new
solutions to deal with plagiarism [3] [4] [5].

In this context, this paper aims to answer the research ques-
tion: What does the literature report on source code plagiarism
detection in university settings? We divided this question into

other six research questions and used a systematic mapping
process of recent literature to answer them.

A search was made in the Scopus and Web of Science
academic databases, followed by the application of inclusion
and exclusion criteria, resulting in a set of 109 papers that
were analyzed in order to answer the questions.

The rest of this paper is organized as follows. In Section II
the methodology and the research questions are described. Sec-
tion III details the papers selection process and in Section IV
we answer the research questions using the data obtained. In
Section V we discuss the results, and the conclusions and
future work are presented in Section VI.

II. RESEARCH QUESTIONS

In this work we employed the systematic literature mapping
process based on [6], composed of four stages: (i) define the
research questions; (ii) select the relevant papers; (iii) analyze
the papers; and (iv) answer the research questions.

Our main research question is (RQ): What does the litera-
ture report on source code plagiarism detection in university
settings? To answer this question, we divided it into six other
research questions, listed below:

• RQ1: What is the number of papers published per year?
• RQ2: In which countries were these papers produced?
• RQ3: Which conferences and journals have published

most papers on this subject?
• RQ4: What data sources are used to detect plagiarism?
• RQ5: Which programming languages are most used in

plagiarism detection experiments?
• RQ6: What are the main plagiarism detection tools used

in the last few years?
The next steps of the mapping process are described in the

following sections.

III. SELECTING THE RELEVANT PAPERS

The stage of selecting the relevant papers is fundamental
in any literature mapping process, which involves defining a
search string, choosing the academic databases in which to
search for the papers, and the inclusion/exclusion criteria to
decide the significance of each publication in the study.

To define the search string to be used in the search, there
must be keywords related to the subject of this investigation,
but they cannot be too broad or there will be many false



positives. The first version was:

“source code” AND (“fraud detection” OR “plagiarism”)

This version had a low number of results (335 on Scopus
on July 2021). We also noted that the term “fraud detection”
is widely used for financial fraud, but less used in educational
environments. On the other hand, the term “cheating” is quite
common and has been added, also many papers use only
“code” instead of “source code”.

Several query string tests were done after this one. We also
used the VOSviewer tool [7] to help analyze the keywords
and obtained expert opinions on keywords to add. In the end,
the following query string was employed:

(“code” OR “algorithm” OR “algorithms” OR
“programming” OR “Computer Science Education”)
AND (“plagiarism” OR “similarity detection” OR ”cheat”
OR ”cheating”)

The academic databases selected in this study are Scopus
and Web of Science because they index the most important
conferences and journals related to Computer Education, such
as IEEE FIE, ACM SIGCSE, ACM and IEEE journals.

In the inclusion/exclusion criteria stage, we first defined
inclusion criteria, while the exclusion criteria were applied
in two cycles detailed in the subsections below. The inclusion
criteria are:

• IC1: Papers must be written in English.
• IC2: Papers must be published between 2015 and 2020.
• IC3: Papers must be from the “Engineering” or “Com-

puter Science” areas.
• IC4: Papers must be of the type “conference paper”,

“journal article” or “book chapter”.

Figure 1 shows the process to select the relevant papers
and the research cycles. The search string with the inclusion
criteria was applied on July 1st, 2021, and returned 901 papers
from Scopus and 692 from Web of Science. From a total of
1593, we removed 317 duplicate papers, thus resulting in 1276
selected papers, as shown in Table I.

TABLE I
SEARCH RESULTS

Source Number of Papers
Scopus 901

Web of Science 692
Duplicated results 317

Final Results 1276

A. First cycle

The 1276 filtered papers were used in the first cycle of
the research. We collected their metadata and put them in a
spreadsheet. The process consists of eliminating all papers that
are clearly unrelated to our study based on the metadata.

The metadata was: title, authors, source, abstract, year,
publisher, document type, source title, volume, issue, cited by,
DOI, link, publication stage, EID, country and page count.

To remove the unrelated papers, we applied the first exclu-
sion criteria:

• EC1: Remove all papers that are not related to plagiarism
detection in source code.

We removed several papers related to text plagiarism. Also,
there were many works on image/audio processing, computer
networks, malware detection, video game cheating, biology,
etc, which were withdrawn. At the end of this cycle, 204
papers remained in our spreadsheet.

Fig. 1. Summary of inclusion/exclusion criteria in the research stages.

B. Second cycle
The second cycle consisted of removing the papers related

to the detection of plagiarism, but with little or no relevance
for our literature mapping. The following exclusion criteria
were applied:

• EC2: Remove all papers with 3 pages or less.
• EC3: Remove all papers that are not related to college-

level education.
• EC4: Remove all papers that do not deal with technology.
Initially, we removed 7 papers that were three pages or less

because they are classified as short papers and tend to have
less details in their research.



Then, 72 papers were removed because they were not
related to university-level education. They were mostly about
reusing source codes in scientific or business contexts.

After that, we found that there were some papers that
referred to cheating in programming assignments, but had an
emphasis on social sciences or were not related to technology.
We removed 16 papers with such profile, resulting in 109
papers in our spreadsheet at the end of this cycle.

IV. RESULTS AND ANALYSIS

In this session we will answer the six research questions
based on the set of 109 selected papers.

A. RQ1: What is the number of papers published per year?

The number of papers published per year is shown in
Figure 2. There was a drop in this number in 2017, followed
by an increase in subsequent years. It is noticeable that the
number of publications raised considerably in 2019 and 2020.

Fig. 2. Number of papers per year.

B. RQ2: In which countries were these papers produced?

We identified publications from 37 countries in 6 different
continents. Figure 3 shows a map indicating the distribution
of these countries.

Fig. 3. Distribution of the papers by countries.

The 19 countries that produced the largest number of papers
are shown sorted in Table II. The countries with the most
publications were China and United States, followed by India

and Indonesia. Some papers appear repeated in the table
because they are from more than one country.

TABLE II
COUNTRIES WITH THE MOST PUBLICATIONS

Country No. Papers
[8] [9] [10] [11] [12] [13]

China 14 [14] [15] [16] [17] [18]
[19] [20] [21]
[22] [23] [24] [25] [26] [27]

United States 14 [28] [29] [30] [31] [32]
[33] [34] [35]

India 12 [36] [37] [38] [39] [40] [41]
[42] [43] [5] [44] [45] [46]

Indonesia 11 [47] [48] [49] [50] [51] [52]
[53] [4] [54] [55] [56]

Australia 8 [57] [58] [59] [60] [61] [4]
[55] [56]

Slovakia 6 [62] [63] [3] [64] [65] [66]
South Africa 5 [67] [68] [69] [70] [71]
Croatia 4 [72] [73] [2] [74]
Portugal 4 [75] [76] [77] [78]
Brazil 3 [79] [80] [81]
Germany 3 [82] [25] [83]
Russian Federation 3 [84] [85] [86]
Serbia 3 [87] [88] [89]
United Kingdom 3 [2] [53] [90]
Colombia 2 [91] [65]
Finland 2 [19] [92]
Ireland 2 [93] [94]
Japan 2 [95] [96]
Taiwan 2 [97] [98]

In addition to the countries shown in Table II, we also
found one publication from each of the following countries:
Austria [84], Bangladesh [99], Belgium [100], Bosnia and
Herzegovina [101], Greece [102], Jordan [103], Malaysia
[104], North Macedonia [105], Norway [106], Pakistan [18],
Poland [65], Romania [107], Spain [108], Slovenia [109],
South Korea [110], Spain [111], Thailand [112] and Turkey
[108].

C. RQ3: Which conferences and journals have published most
papers on this subject?

The papers analyzed here came from 25 different journals
and 66 conferences. Table III shows the five journals with
the largest number publications and Table IV shows eleven
conferences with two or more papers.

TABLE III
JOURNALS WITH THE MOST PUBLICATIONS

Journal No. Papers
Computer Applications in 4 [91] [50]
Engineering Education [111] [108]
IEEE Access 2 [101] [66]
Informatics in Education 2 [72] [53]
Journal of Theoretical and Applied 2 [103] [40]
Information Technology
Scientific Programming 2 [10] [17]

It is worth mentioning that there was a lot of diversity in
the origin of these articles. Most of them came from different
conferences or journals, with few repetitions between them.



TABLE IV
CONFERENCES WITH THE MOST PUBLICATIONS

Conference No. Papers
ICSESS - International Conference on
Software Engineering and Service 4 [63] [58] [61] [48]
Sciences
SIGCSE - ACM Technical Symposium 4 [29] [30] [31] [32]
on Computer Science Education
ACE - Australasian Computing 3 [57] [60] [4]
Education Conference
CSEDU - International Conference 3 [8] [82] [106]
on Computer Supported Education
FIE - IEEE Frontiers in Education 3 [13] [81] [20]
Conference
Koli Calling - International Conference 3 [55] [56] [92]
on Computing Education Research
L@S - ACM Conference on 3 [24] [26] [34]
Learning at Scale
MIPRO - International Convention on
Information and Communication 3 [73] [109] [74]
Technology, Electronics and
Microelectronics
ICCSE - International Conference 2 [19] [93]
on Computer Science and Education
SIIE - International Symposium on 2 [77] [78]
Computers in Education
TURC - ACM Turing Celebration 2 [11] [12]
Conference

D. RQ4: What data sources are used to detect plagiarism?

The second cycle resulted in 109 works, of which 93 specif-
ically suggest new implementations of plagiarism detection
software in programming assignments. These papers propose
different solutions, but we could see that most of them are
based only on the static analysis of the source code, that is,
the analysis is done only once after the students finished their
assignments.

On the other hand, we found some papers that propose
alternative solutions regarding the source of the data to be
used by the plagiarism detection tool:

• [22] and [77] follow the progress of the code while it is
being developed. In this model, students make multiple
commits during their development process and the soft-
ware analyzes the differences between each submission
aiming an indication of plagiarism.

• [101] proposed a solution similar to the above, but here
students must use an online IDE that is constantly sending
change reports. The tool does not need to make compar-
isons between the students’ source codes. It follows the
entire development process as if the tool were filming it.
Its concept is based on the idea that the typing patterns
of a student who is copying a work is different from the
usual development process.

• [95], [51] and [86] use coding style in addition to code
comparison. It is also possible to compare a student’s
coding style across different tasks, to check for any
significant change.

• [16] proposes to investigate the behavior of students
whose codes have the same level of similarity in different
tasks. This may imply that they are committing plagiarism
but hiding it well, so that the tools fail to detect it. This

investigation is done in conjunction with an analysis of
the coding style.

• [10] analyzes program execution logs in addition to code
comparison. It uses these execution logs to create the
flow charts of the programs. The similarity of these flow
charts is then measured. This is done to detect plagiarism
even when the student uses more complex obfuscation
techniques.

The analysis of all these papers also showed that no method
is 100% effective, and it is up to the teacher to decide on the
suspected cases. An example of an action that the teacher can
take in such cases is to ask suspicious students to explain
their code orally to see if they really understood what they
did [101].

E. RQ5: Which programming languages are most used in
plagiarism detection experiments?

It is important to note that several of the papers analyzed
here have implementations that are independent of the pro-
gramming language or designed to work with many of them
[52] [86] [80] [25] [64] [23] [35]. However, there are some
programming languages that have received more attention
from research. This may indicate that they are used more
frequently in programming courses. As a result, they have
more detection tools customized for them.

The programming languages used that we have identified
are shown in Table V.

TABLE V
MOST USED LANGUAGES

Language No. Papers
[111] [18] [59] [58] [61] [4] [10] [92] [43]

Java 30 [37] [47] [49] [48] [53] [106] [62] [109] [90]
[5] [12] [107] [72] [103] [24] [111] [45] [66]
[26] [55] [29]

C++ 19 [57] [11] [91] [102] [50] [105] [85] [71] [69] [29]
[22] [111] [18] [103] [89] [5] [12] [107] [19]

C 18 [99] [101] [79] [14] [17] [16] [13] [39] [44]
[95] [108] [89] [103] [5] [12] [107] [20] [81]

Python 8 [111] [5] [103] [24] [9] [26] [55] [29]
C# 6 [63] [100] [3] [72] [103] [66]
PHP 5 [107] [77] [5] [107] [72]
JavaScript 2 [107] [72]
Go 1 [12]
Perl 1 [5]
Assembly 1 [89]

F. RQ6: What are the main plagiarism detection tools used in
the last few years?

To answer this question, we first selected those papers that
do comparative analysis or case studies of current plagiarism
detection tools. The papers dedicated exclusively to doing that
are [87] [57] [38] [69] [89] [73] [79] [2] [71].

Table VI gives some details on the 5 most used tools which
are MOSS, JPLAG, SIM, Plaggie and Sherlock. Table VII
shows a complete list of tools or technologies that were
employed in the works we have analyzed.



TABLE VI
DETAILS OF THE MOST USED PLAGIARISM DETECTION TOOLS

Tools Programming languages Algorithm GUI Open
source URL

MOSS C, C++, C#, Java, Python, etc Winnowing YES NO https://theory.stanford.edu/∼aiken/moss/
JPLAG C, C++, C#, Java, Scheme RKR-GST YES YES https://jplag.ipd.kit.edu
SIM C, Java, Pascal, Lisp, etc Tokenization NO YES https://dickgrune.com/Programs/similarity tester
Plaggie Java (not available) YES YES https://www.cs.hut.fi/Software/Plaggie
Sherlock C++, Java Tokenization YES YES http://warwick.ac.uk/iasgroup/software/sherlock

TABLE VII
PLAGIARISM DETECTIN TOOLS LIST

Tools No. Papers
MOSS 9 [87] [57] [38] [69] [89] [73]

[79] [2] [71]
JPLAG 7 [87] [57] [38] [89] [73] [79]

[2]
SIM 5 [57] [38] [73] [79] [2]
Plaggie 3 [38] [73] [2]
Sherlock 3 [73] [79] [2]
NED 2 [69] [71]
SPD 2 [87] [89]

Here is a brief description of the five most used tools
according to our data.

1) MOSS: It was the most used tool in the papers of this
study. It supports 26 different languages and the analysis of
the submitted codes is done remotely on a server at Stanford
University. The codes are stored there for 14 days before being
deleted. It uses a document fingerprinting algorithm called
winnowing [57]. MOSS is called from the command line and
the final results are displayed in HTML format [89].

2) JPLAG: Runs as a command line JAR file. The output
is in HTML format, displaying the similar parts of the source
codes for the user. It is multi-platform and requires only a
JVM running locally. JPLAG is compatible with 5 different
programming languages and can also be used with natural
language text [57].

3) SIM: It was programmed in C, runs locally and without
any graphical interface. It can test programs written in C, Java,
Pascal, Modula-2, Lisp, Miranda, and for natural language too
[57].

4) Plaggie: Compared to the other tools, there was not
much information about Plaggie in our investigation. It is an
open source project based on JPLAG, and compatible only
with the Java language [38].

5) Sherlock: It is a stand-alone Java client, and its output
is an interactive graph that displays connections between the
analyzed codes and the similarity percentage. Sherlock is
compatible with C++ and Java [89].

V. DISCUSSION

This section presents some comments on the results of the
research questions.

We have seen an increase in the number of publications over
the years. This number is expected to continue to grow in the
coming years due to the increase in distance learning caused
by the pandemic.

Papers are being published in a decentralized way all over
the world. Researchers in several countries are addressing the
plagiarism problem, but China and United States countries
were prominent in our results. Also, ICSESS and ACM
SIGCSE were the conferences with the most number of
publications.

The publications analyzed here showed important contribu-
tions on ways to detect plagiarism. Most of the papers mapped
here used solely students’ source codes, however we found
papers that the process of creating the source code, the user
behavior in the learning management system and others.

Although Java is the most widely used language reported
in this literature mapping, it is interesting to note that many
articles propose generic solutions that work independently of
the programming language. MOSS and JPLAG are the most
used tools according to our literature mapping. These tools are
versatile and suitable for assisting in plagiarism detection in
general cases.

VI. CONCLUSION

In this work we presented a systematic literature mapping
in the area of source code plagiarism detection in academic
environments.

Our analysis has shown that the detection of plagiarism is
an expanding area of study and that consistent research is
being carried out worldwide. Our outcomes also pointed out
the most used existing tools, as well as some new approaches
to solve this problem.

The results of this investigation indicated that there is room
for innovation in this field. One possibility is to analyze
other aspects of the student’s behavior in conjunction with
the traditional comparison of source codes.

Research on new algorithms under development may be
a topic for future work. Analyzing their weaknesses and
strengths can support the creation of new tools for detecting
plagiarism.
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