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Abstract

Text-matching software (TMS) is a standard part of efforts to prevent and detect
plagiarism in upper secondary and higher education. While there are many studies
on the potential benefits of using this technology, few studies look into potential
unintended side effects. These side effects include students worrying about being
accused of plagiarism due to TMS output, even though they did not intentionally
plagiarise. Although such worries are frequently mentioned in the literature, little is
known about how prevalent they are, why they occur and how students react to
them. This paper aims to fill this knowledge gap.

The data for the study comprise 36 interviews with upper secondary and Bachelor
students from three European countries combined with survey data from 3,424
students from seven European countries representing a broad range of disciplines.

The study found that a substantial proportion of the two groups of students
- 47% of upper secondary and 55% of Bachelor students — had experienced TMS-
related worries during their current studies. Furthermore, there were substantial
differences across countries. Students worry partly because they have a poor
understanding of how TMS is used in their institution, and partly because they know
that plagiarism is taken very seriously. The study shows that TMS-related worries can
lead students to become very focused on not being caught plagiarising, to such an
extent that some adopt citation practices that they believe are suboptimal.

The paper concludes that institutions using TMS should always combine it with
training for students and teachers. Students should be clearly informed about how
TMS is used and should develop an understanding of plagiarism and good citation
practice that goes beyond the narrow focus on any overlap between texts elicited by
the software.

Keywords Plagiarism, Plagiarism detection software, Text-matching software,
Academic integrity
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Introduction

Text-matching software (TMS), also known and promoted as plagiarism detection soft-
ware, is routinely used to scan student assignments for any overlaps with large databases
of text. Such software includes widely used products like iThenticate, Turnitin, SafeAs-
sign, and PlagAware. TMS is also readily accessible through widespread Learning Man-
agement Systems (LMSs) including Blackboard and Canvas. Based on how they are
promoted and tested, the primary aims of using TMS seem to be (a) to discourage pla-
giarism that is either intentional or due to negligence and (b) to help detect plagiarism
when it does occur (Anson & Kruse, 2023). The European Code of Conduct for Research
Integrity (ALLEA 2023) defines plagiarism as “using other people’s work and ideas with-
out giving proper credit to the original source” The definitions of plagiarism are similar
throughout the world, although no definition has been universally adopted (ORI 1994;
Ronai 2020).

Whether TMS helps to prevent intentional plagiarism has been debated. Some studies
report positive effects, particularly when TMS is introduced in settings that previously
had no dedicated initiatives to counter plagiarism (Heckler et al. 2013; see Marusic et
al. 2016 for a review). However, in settings where students are already taught about pla-
giarism and how to avoid it, little evidence has been found that using TMS will further
reduce plagiarism (Marusic et al. 2016; Youmans 2011; Anson & Kruse, 2023).

In addition to discouraging intentional plagiarism, TMS is used to aid teachers and
institutions in detecting plagiarism (Bruton and Childers 2016). While TMS undoubt-
edly helps teachers identify instances of plagiarism of text that would otherwise have
gone unnoticed (Manley 2023), it cannot detect plagiarism directly, partly because
it cannot assess whether ‘proper credit’ has been given, and partly because it cannot
assess the author’s intentions (Manley 2023; Foltynek et al. 2020). A competent person
is required to assess whether a given overlap between an assignment and an external
source constitutes plagiarism, and whether the plagiarism is severe enough to trigger
further action. If the person assessing the overlap is not sufficiently competent and thor-
ough, or if this step is skipped entirely and plagiarism cases are triggered based on a
threshold percentage of overlap, there is a substantial risk of errors (Manley 2023; Bretag
and Mahmud 2009). Errors include false positives, where students are accused of pla-
giarism when no plagiarism has occurred, and false negatives, where students get away
with plagiarism. False negatives can arise because plagiarised text can be disguised in
such a way that TMS cannot detect it (Elkhatat et al. 2021). In addition, plagiarism does
not necessarily involve plagiarism of text. In accordance with the definition cited above
(ALLEA 2023), it can also include an inappropriate use of ideas, figures or other parts of
other people’s work. If TMS is used in such a way that assignments that contain no sig-
nificant text overlap are automatically cleared of plagiarism, this will lead to false nega-
tives. It might also lead to a counterproductive focus among students and teachers on
avoiding text overlap rather than avoiding plagiarism (Introna 2016).

In addition to this counterproductive focus on avoiding text overlap, another unin-
tended negative consequence of using TMS is that it can lead to what we in this paper
call TMS-related worries, i.e., where a student worries about being accused of plagiarism
based on TMS output, even though they have not intentionally plagiarised. At least two
different forms of TMS-related worries exist 1) the students trust the TMS and its use,
but worry that they may have plagiarised unintentionally and 2) their worries stem from
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the perception that the TMS used at their institution can yield false positives. These
worries are not mutually exclusive (see also Sect. 3.1).

Dahl (2007) raised concerns about TMS-related worries early on. He noted that the
use of TMS could lead to ‘fear’ among students. Anson and Kruse (2023) described
TMS-related worries in stronger terms as “plagiarism anxiety, plagiarism phobia, or
plagiarism paranoia” (p. 233) without presenting details on their prevalence. The strong
language gives the impression of a pressing problem, but the nature and prevalence of
‘plagiarism anxiety’ is still poorly understood. To our knowledge, the phenomenon has
not been systematically studied on a larger scale. Some of the best data available come
from the study by Dahl (2007), who found that of 24 students in a postgraduate class at
a UK university, 62% had been ‘afraid’ of being falsely accused of plagiarism based on
output from TMS.

From a learning perspective, it is important to create an environment where students
feel safe and trust that the enforcement of disciplinary rules is sound and just. Therefore,
unless there are substantial benefits to TMS-related worries, they should be counter-
acted if possible.

A potential benefit of TMS-related worries is that they might encourage students to
improve their citation practice, for example by seeking more knowledge about referenc-
ing (Ayon 2017). Dahl (2007) investigated this hypothesis to some extent, based on the
same limited data source of 24 postgraduate students. He found that more than half of
the participants in his study had read up on correct citation practice after their institu-
tion had introduced TMS. However, students who had experienced TMS-related wor-
ries were not significantly more likely to have done so than others. Besides this negative
result, very little is known about how students react to TMS-related worries.

To develop a more solid empirical understanding of TMS-related worries, this paper
therefore seeks to:

1) Assess how common TMS-related worries are among European upper secondary
school and bachelor students

2) Assess whether the prevalence of TMS-related worries varies across countries,
educational levels, and, for bachelor students, across faculties.

3) Investigate the reasons for TMS-related worries

4) Investigate how students react to TMS-related worries — more specifically whether
(and if so, how) students who experience TMS-related worries change their writing
and citation practice.

Methods and materials
This study is based on a mixed methods approach combining qualitative interviews with
survey data. The data stem from a larger study conducted under the auspices of the proj-
ect INTEGRITY on students’ perception of and experiences with academic integrity
(https://h2020integrity.eu/).

The present study was largely conducted in an explorative manner. As discussed in
detail below, TMS-related worries emerged as a theme when coding the qualitative
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interview data for the participants’ understanding of plagiarism and more general
enforcement of rules. This led the research team to include the theme in a subsequent
questionnaire to allow us to assess the prevalence of TMS-related worries. Furthermore,
it led to a more targeted explorative coding of interview data for information on the rea-
sons behind TMS-related worries and participants’ reactions to them.

Recruitment and materials for both the survey and the interviews are described in
detail in other publications that present different parts of the same datasets. Johansen et
al. (2022) and Goddiksen et al. (2023) describe the recruitment process for the survey of
upper secondary and Bachelor students, respectively, and both include details about the
survey itself. Goddiksen et al. (2021) describe the recruitment and materials used for the
interviews. We also summarise the most important information below.

Ethics
The study was approved by the Research Ethics Committee for Science and Health at the
University of Copenhagen prior to data collection (ref. no. 504-0043/18-5000).
Participation in the study was voluntary and anonymous. The participants were not
compensated for their participation. Informed consent was obtained and recorded at
the beginning of the interviews. For the questionnaire, informed consent was obtained
through the first question; participants who did not give their consent could not con-
tinue the questionnaire.
Some participants in the survey were minors and written parental consent to partici-
pate in the study was provided in these cases. All interview participants were at least 18

years old.

Recruitment and data collection

The interviews were conducted in early 2019. The interviewees came from three Euro-
pean countries: Denmark, Ireland and Hungary. Each interview lasted 30—-60 min and
was conducted in the participant’s native language.

Interview participants were recruited through personal contacts with teachers. The
teachers were not informed about the detailed purpose of the study, and participants
were not recruited according to academic achievements. Upper secondary students were
recruited from 3 to 4 schools in each country with some geographical spread (Goddik-
sen et al. 2021). Bachelor students participating in the interviews were recruited within a
single institution in each country, but represented different faculties (see Sect. 2.3).

Survey data were collected electronically between February and December 2020 in
nine European countries: Denmark, Germany, Hungary, Ireland, Lithuania, the Nether-
lands, Portugal, Slovenia and Switzerland (French-speaking areas only).

Potential undergraduate survey participants were identified through either a random
draw of study programmes within each faculty or through full population recruitment
(details in Goddiksen et al. 2023). To enable comparisons across faculties, we recruited
an approximately equal number of students from the three main faculties — humani-
ties, social science and STEM. As discussed further in Sect. 4.1, this meant that students
from the STEM disciplines were underrepresented in the sample. Upper secondary stu-
dents were recruited from between 5 and 34 randomly drawn schools in each country
(details in Johansen et al. 2022).
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Table 1 Overview of interview participants from Denmark (DK), Hungary (HU) and Ireland (IR). The
bachelor students'disciplines were grouped into humanities (hum), Social science and law (soc),
natural, medical, mathematical and engineering sciences (STEM), and other

Upper Secondary BA
(Male/female) (STEM, Hum, Soc., Other, Male/female)
DK 6(3/3) 6(2,2,2,0,2/4)
HU 6(4/2) 6(2,2,1,1,4/2)
IR 6(3/3) 6(2,2,2,0,4/2)
Total 18 (10/8) 18 (6,6,5,1,10/8)

Table 2 Overview of survey participants from Switzerland (CH), Denmark (DK), Hungary (HU),
Ireland (IR), Lithuania (LT), Portugal (POR) and Slovenia (SLO). Bachelor students'disciplines were
grouped into humanities (hum), Social science and law (soc), natural, medical, mathematical and
engineering sciences (STEM) and other

Upp. Age Gender BA Age Gender
Sec. Mdn (min/max) %M/F/Other N (STEM, Mdn (min/max) %M/F/
N Hum, Soc, Other
Other)
CH 360 19 (18/24) 23/70/7 199 (52, 74, 21(18/58) 23/69/8
65, 8)
DK 389 18 (18/69) 32/64/4 218(77,75, 23 (19/76) 31/64/5
64, 2)
HU 60  18(18/21) 27/68/5 292 (167,61,  22(19/61) 27/68/5
36, 28)
IR 292 15(15/18) 27/70/3 231(92,77, 20 (18/57) 27/70/3
61,1)
LT 215 18 (18/19) 18/75/8 204 (78,62, 21 (19/52) 18/75/7
64)
POR 219 17(16/21) 27/68/5 274(120,88,  20(18/51) 27/68/5
63, 3)
SLO 250  18(18/21) 29/69/3 221 (55,94, 21(19/50) 29/69/2
53,9)
Total 1,785 18 (15/69) 26/69/5 1,639 (621, 21(18/76) 26/69/5
531,432, 24)

Participants
Table 1 provides an overview of the 36 interviewees, with 18 upper secondary school
students and 18 Bachelor-level university students.

The questionnaire survey yielded complete questionnaire responses from 3,424 par-
ticipants from seven European countries: Denmark, Hungary, Ireland, Lithuania, Slove-
nia, Portugal and Switzerland (see Table 2). The sample included in the study comprised
N=1,785 upper secondary students and N=1,639 Bachelor students. The Bachelor stu-
dents represented a broad range of academic disciplines (Table 2). Prior to data analysis,
we set an inclusion criterion for each country — that they had to have at least 200 com-
plete responses from Bachelor students, with at least 45 students from each of the main
faculties, as well as at least 50 complete responses from upper secondary students. This
was to allow for comparisons across countries at each educational level as well as com-
parisons across faculties within countries at Bachelor level. Two of the nine countries
where data were collected (the Netherlands and Germany) did not meet this inclusion
criterion (Goddiksen et al. 2023).

Unsurprisingly, most participating Bachelor students were in their early 20s, while
most participating upper secondary students were in their late teens. Female-identifying
students were slightly overrepresented in the samples of both Bachelor students (details
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in Goddiksen et al. 2023) and upper secondary students (details in Johansen et al. 2022)
compared to the background populations. Response rates were very low, especially for
Bachelor students, where typically 2-3% of the students contacted in a given country
responded, although Ireland reached an estimated 9% response rate (details in Goddik-
sen et al. 2023). The response rates were generally higher for upper secondary students
at 12% on average, with substantial variation across countries, ranging from 3% in Lithu-
ania to 88% in Portugal (details in Johansen et al. 2022). The limitations introduced by
the low response rates are discussed in Sect. 4.1.

Materials

We refer to Goddiksen et al. (2021) for a detailed account of how the interview guide
was developed, and to Goddiksen et al. (2023) for a detailed account of the development,
translation and validation of the questionnaire.

Interview guide
The interview guide (available in Goddiksen et al. 2021) was designed to highlight areas
where students were in doubt about good academic practice and to examine their per-
ception of key integrity concepts, including plagiarism and good citation practice. It
also included questions about rule enforcement. The interviews were structured around
four themes: ‘Collaboration, ‘Data management’ and—central to the present study—
‘Plagiarism’ and ‘Structure and Responsibility’ Under plagiarism, the informant would
first be asked to describe their typical writing process and then answer questions about
doubts, good practice and questionable practice. Under structure and responsibility,
informants were asked what their institution does to prevent cheating and dishonesty,
leading to questions about the informant’s understanding of rules and enforcement.
Although all participants were asked about their understanding of and possible doubts
about plagiarism, as well as their understanding of the enforcement of plagiarism rules,
TMS was not a predefined topic in the interviews. Similarly, students’ reactions to TMS-
related worries were not included in the interview guide.

Questionnaire

The INTEGRITY questionnaire is available along with the raw questionnaire data for
this study (see Availability of data and materials below and Goddiksen et al. 2023). The
questionnaire covers a broad range of topics relating to academic integrity. In addition,
demographic information such as age, gender, country of study, information on study
direction (only for Bachelor students) and participation in academic integrity training
was collected. The full questionnaire took around 25 min to complete.

This study focuses on one specific question in the questionnaire. For bachelor stu-
dents, the question was: “During your university education, have you worried about
being accused of plagiarism based on an automatic plagiarism check, even though you
did not intentionally plagiarise?”. For upper secondary students, ‘university’ was replaced

” o«

with ‘high school’ There were seven answer options: “Yes, many times’, “Yes, a few
times”, “Yes, once’, “No’, “I prefer not to answer’, “Not applicable’, and “I don’t know”.
“Not applicable” was included to allow participants to indicate that TMS was not used
by their institution. For the data analysis, we excluded the respondents who answered, “I

prefer not to answer” and “Not applicable”
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Data analysis

Interview data

All interviews were transcribed, and the Hungarian interviews were translated into Eng-
lish. The transcripts were analysed in two rounds. In the first round, which took place
prior to the launch of the survey, all interviews were thematically coded in NVivo 10
using a codebook developed to meet the overall aims of the INTEGRITY project (details
in Goddiksen et al. 2021). The second round of analysis used NVivo 14 and was part of
the analysis for this paper. In this second round, extracts coded under the themes ‘pla-
giarism’ and ‘conception of enforcement’ were revisited to identify passages specifically
related to worries about unintentional plagiarism, thoughts about TMS and descriptions
of behaviour in reaction to the perceived use of TMS.

We created four codes prior to the second round of coding: ‘Reactions to TMS;
‘Thoughts about TMS;, ‘Other mentions of TMS’ and “Worries about plagiarism’ ‘Reac-
tions to TMS’ was used for passages where participants explicitly mentioned that they
had taken actions in response to the belief that their assignments were scanned by TMS.
Passages where the participant reflected on TMS without necessarily describing actions
were coded as “Thoughts about TMS. When participants expressed worries about acci-
dental plagiarism or about the use of TMS, the passage was coded as ‘“Worries about
plagiarism’

Results for research question 3 (see Introduction) about reasons for TMS-related wor-
ries were drawn from passages coded with both “Thoughts about TMS’ and “Worries
about TMS. Similarly, results for research question 4 on reactions to TMS-related wor-
ries were drawn from passages coded with both ‘Reactions to TMS” and “Worries about
TMS: For completeness, Sect. 3.2 presents a summary of the passages coded with at least
one of the codes ‘Reactions to TMS, “Thoughts about to TMS’ and ‘Other mentions of
TMS, but not with “Worries about plagiarism’

All quotes presented below have been cleaned up as needed for clarity, and quotes
from interviews carried out in languages other than English have been translated.

Questionnaire data

Responses from all countries were pooled. We identified the share of students from each
educational level (upper secondary and Bachelor) who selected one of the five included
answer options to the relevant version of the question about TMS-related worries. A
Chi2 test was run to examine whether response patterns differed between the two study
levels. We then collapsed the statement into a binary variable denoting whether or not
the respondent had worried at least once (1= “Yes, many times’, “Yes, a few times’, “Yes,
once”; 0= “No’, “I don’t know”). We identified the share of upper secondary students and
Bachelor students who had experienced this at least once for each country, and Chi2
tests were run to examine whether this propensity differed across study levels in each
country. Finally, for each country, we examined whether propensity to have worried at
least once differed between faculties, and used Chi2 tests to examine differences across
faculties in each country. In all analyses, we considered a p-value below 0.05 to indicate a
statistically significant difference.
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Results

The nature and prevalence of TMS-related worries

The first analysis of the interview data identified the participants’ own perspectives on
the risks related to TMS. Below, a Bachelor student from Ireland talks about their TMS-
related worries:

I: ‘Do you ever feel unclear about what might be called plagiarism?’

IR04: ‘In first year yes, [...] everyone is so afraid at the start. Like especially using
Turnitin [...]. I remember our first assignment we used the [institution’s| cover sheets
and that was picking up as plagiarism and everyone was saying ‘why is my similar-
ity score so high?. [...] [AJnd people think maybe I've plagiarised accidentally. |[...]
But then I think I have always been told that once you [...] say it somewhere you are
generally ok [...] especially if you are using citations for the text!

Participant HU23 (BA) also “used to be really afraid” of being accused of unintentional
plagiarism, while DK17 (Upp. Sec.) described how the use of TMS led to a “fear of being
caught” for any kind of plagiarism among students.

These quotes illustrate that some students worry that they will be accused of pla-
giarism in written assignments based on output from TMS, even though they did not
intentionally plagiarise. To some extent, they also exemplify the two different types of
TMS-related worries described in the introduction: those related to unintentional pla-
giarism and those related to false positives (i.e., cover sheets being picked up as plagia-
rism). They further illustrate that TMS-related worries may be more prevalent among
students who are new to a given institution, because they are not yet familiar with the
way that this particular institution uses the software.

Prevalence of TMS-related worries: survey results

The prevalence of TMS-related worries was estimated from the questionnaire data.
About half of the total population indicated that they had experienced TMS-related
worries at least once during their current studies, and 12% had experienced them many
times.

The aggregate results include substantial differences across study levels and countries.
Figure 1 compares the two study levels.

Bachelor-level students were more likely to indicate that they had experienced TMS-
related worries at least once (55%; p<0.001), while 47% of the participating upper sec-
ondary students indicated the same. Furthermore, 16% of the participating Bachelor
students had experienced TMS-related worries many times compared to 9% of the par-
ticipating upper secondary students.

There were also significant differences across countries. Figure 2 shows the share of
participants who experienced TMS-related worries at least once during their current
studies for each country and at each educational level (full details in Additional file 1).

Different patterns were observed in the different countries. For example, in Hungary
there was no statistically significant difference between upper secondary and Bachelor
students’ tendency to experience TMS-related worries (p=0.8). In all other countries,
there was a difference between study levels (either p<0.001 or p<0.01). In Switzerland,
upper secondary students were more likely to have experienced TMS-related worries
than Bachelor students, while the opposite pattern was observed in all other countries.
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Fig. 1 Comparing the prevalence of TMS-related worries among the BA (N=1,639) and Upp. Sec. (N=1,785)
subpopulations

Fig. 2 Percentage of Bachelor (BA) and upper secondary students from each country (Switzerland, Denmark, Hun-
gary, Ireland, Lithuania, Portugal and Slovenia, respectively) who experienced TMS-related worries at least once
during their current studies

The most striking example is Ireland, where Bachelor students were more than twice as
likely to have experienced TMS-related worries than upper secondary students.

Figure 2 also shows that upper secondary participants from Denmark and Switzerland
were substantially more likely to have experienced TMS-related worries than partici-
pants studying in the other countries. In addition, participants from these two countries
were more likely to indicate that these worries arose many times (15% and 13% of par-
ticipants in Switzerland and Denmark, respectively, compared to an average of 9%, see
Additional file 1). Furthermore, Bachelor students in Denmark also had a relatively high
rate of TMS-related worries; even higher than among upper secondary students. Only
the Bachelor students studying in Ireland had a higher likelihood of experiencing wor-
ries. Students in these countries were also the most likely to have experienced frequent
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worries (details in Additional file 1). On aggregate, 16% of participating Bachelor stu-
dents indicated that they worried many times, while 35% of Bachelor students studying
in Ireland and 21% of Bachelor students studying in Denmark said the same.

Significant differences in the prevalence of TMS-related worries across faculties were
only observed in Hungary (p=0.004) and Portugal (»p=0.007). In both countries, partici-
pants from the social sciences were somewhat more likely to have experienced TMS-
related worries than participants from other faculties (details in Additional file 1).

Potential positive effects of TMS

In the interview data, TMS was mentioned by half of the participants, most often in
passing as an example of a tool for enforcing local disciplinary rules. In most cases, TMS
was the first example of enforcement strategies mentioned by the participants, and it
was also often the only example provided.

A small number of students perceived TMS to have a preventive effect and described
how their collaborative behaviour would sometimes depend on whether the end product
would be scanned by TMS. A Danish upper secondary student, for instance, was asked if
it was common for his classmates to plagiarise. Referring to the LMS Lectio, which has
built-in TMS, he replied:

DK 24 “No, not in upper secondary school, [where] the fear of plagiarism is much
greater. If there is an assignment that we do not have to hand in via Lectio, then I

think it is more common.”

In addition to these brief mentions of TMS, some respondents provided further details,
which we explore in more detail below. These provide further clues as to the reasons
behind the students’ worries and how they react to them.

Reasons for TMS-related worries

The interviews indicate two important reasons for TMS-related worries:

1. Students are aware that plagiarism is in focus at their institution, and punishments are

perceived to be rather harsh.

2. Students are largely unaware of how TMS is used in their institution

Regarding the latter, several students expressed the belief that judgements about plagia-
rism were made either by the software itself or derived directly from TMS output. For
instance, in the quote by IR04 in Sect. 3.1, we saw how being presented with a similarity
score led the student to worry that they had plagiarised accidentally. Some participants
described TMS in even more vague terms as ‘machines’ that detect plagiarism without
human involvement.

Other participants were aware that similarity scores from TMS were not the only thing
their institution relied on to detect plagiarism. However, it was unclear to them precisely
what additional measures existed, as described below by a Bachelor student studying in

Hungary:

HUOS (BA): “[I]n addition to the plagiarism filter [TMS], [...] I know there are other
methods. I cannot see through this. And I have not been on the other side [seen it
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from the teachers’ perspective...]. But I know that there are methods that they filter
with.

Despite not knowing how it is detected, most of the participants were very aware that
their institution did not tolerate plagiarism, and that it was something on which the
institution was particularly focused. Punishments were perceived to be harsh, especially
for repeated offences:

DK17 (Upp. Sec.): “Plagiarism is obviously something that is taken super seriously.
We are not allowed to copy from each other ... there are ... threats of being thrown
out and expelled from the school if you do it too mu