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Do we achieve anything by teaching research
integrity to starting PhD students?
Shila Abdi 1✉, Steffen Fieuws1, Benoit Nemery 1 & Kris Dierickx1

Education of young researchers has been proposed as a way to promote research integrity.

However, the effectiveness of research integrity education on PhD students is unknown. In a

longitudinal design, we surveyed over 1000 starting PhD students from various disciplines

regarding knowledge, attitude and behaviour before, immediately after and 3 months after a

compulsory 3-h course given by a panel of experts. Compared with a control group who did

not follow the course, the course recipients showed significant (multivariate analysis) but

modest improvements in knowledge and attitude scores immediately after the course, but

not after 3 months; a prolonged impact was apparent regarding behaviour. Moreover, the

course spurred 93% of PhD students to have conversations about research integrity and 79%

declared applying the content of the course. Among other interventions, formal education in

research integrity may contribute to foster a climate of research integrity in academia.
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Introduction

In 2005, a notorious Nature article titled “Scientists behaving
badly” revealed that scientists admitted to a wide range of
activities that compromise the integrity of science (Martinson

et al. 2005). This sobering discovery and other evidence have led
various institutions to take a range of initiatives, such as devel-
oping codes of conduct for responsible research and organising
educational activities to promote research integrity (Fanelli, 2009;
Mejlgaard et al. 2020). However, systematic evaluations of the
effectiveness of research integrity course are still scare (Com-
mittee on Responsible Science et al. 2017).

Since 2014, attending a university-wide 3-h session of lectures
on research integrity has been a mandatory milestone for starting
PhD students at the KU Leuven, one of the leading research-
intensive universities in Europe (“Central lecture Research Integ-
rity for starting PhD researchers”). In brief, the 3-h course on
research integrity is given, in English, by a panel of five lecturers
who cover general ethics in research, data management, plagiar-
ism, conflicts of interest and publication ethics. The same course is
organised four times a year in lecture halls with 200–400 first-year
PhD students from all disciplinary fields of the university.

To evaluate the impact of this course, hereafter called the
intervention, we surveyed all PhD students attending the course
over one academic year. In a longitudinal study design, we
assessed individual knowledge, attitude, and behaviour in relation
to the teaching content of the educational programme; we
administered the same paper questionnaires to more than 1000
PhD students immediately before and immediately after the
course, and we also invited participants to reply to a similar
electronic questionnaire (plus other questions) 3 months later.
The questionnaires (see supplementary material 1 and 2) were
based on previous surveys of research integrity (Bouter et al.
2016; Godecharle et al. 2018; Martinson et al. 2005). To control
for time effects, we followed the same procedures with a control
group consisting of Master students from different disciplines;
they were enroled in the survey through one of their normal
courses and they received similar questionnaires and follow-up
procedures as the PhD students. For the statistical analysis, we
used multivariate linear models for longitudinal measurements
with the null hypotheses being that no changes occurred in scores
of knowledge, attitude or behaviour compared to baseline.

Results
Response rate and participants’ characteristics. The total
number of PhD students present during the courses were based
on the number of participants scanning in with their KU Leuven
badge upon entry and exit of the lecture hall. The total number of
eligible Master students was not known, since their attendance
was not registered. Of the 1044 PhD students who participated in
the study by returning completed questionnaires, 5 participants
returned only the post-test. As shown in the flowchart (Fig. 1),
1039 PhD students completed the pre-test, 920 completed the
post-test and 560 filled out the follow-up test. Of the 419 control
participants, 30% completed all three measurements.

The baseline characteristics of the study populations are shown in
Table 1. The majority of PhD students were effectively in their first
year of the PhD programme, most had not previously attended a
course or workshop on research integrity, and the university’s broad
disciplinary fields were well represented. Supplementary materials 3,
4 and 5 show the estimates with 95% confidence intervals for item-
level results for knowledge, attitude and behaviour.

Appraising the research integrity course
Knowledge. Significant increases in knowledge scores at the post-
test compared to pre-test were observed in both the intervention

and control groups, but the increase was significantly higher in
the intervention group (pre-testintervention= 3.83, post-
testintervention= 4.27) than in the control group (pre-
testcontrol= 3.59, post-testcontrol= 3.75) (Fig. 2a). At the follow-
up, the knowledge scores were also higher than the initial scores
in both the intervention and control groups, but the changes did
not differ significantly between the two groups (Table 2).

Attitude. Significant increases were again observed for attitude
scores in both groups, at the post-test and at the follow-up test,
with only the post-test increase being significantly higher in the
intervention group (pre-testintervention= 39.68, post-
testintervention= 42.99) than in the control group (pre-
testcontrol= 36.87, post-testcontrol= 37.82) (Fig. 2b) (Table 2).

At the follow-up, participants from both groups put forward
pressure to publish, high competition and only positive results are
rewarded, as the three most important reasons for scientists to
misbehave (Fig. 3).

Behaviour. Participants filled out the behaviour questions at the
pre-test and follow-up test. The analysis of behaviour items on a
four-point Likert scale, e.g. When I needed guidance on research
integrity, I went to my supervisor, showed a significant but small
improvement towards better behaviour in the intervention group
(pre-testintervention= 10.94, follow-upintervention= 11.30), com-
pared to a significant decrease in the control group (pre-
testcontrol= 9.39, follow-upcontrol= 8.20) (Fig. 2c). However, when
we analysed behaviour through yes/no items, e.g. I made a data
management plan, there was a significant increase in both groups,
unlike when using the Likert scale, the changes did not differ
(Table 2).

Raising awareness: conversations about research integrity. At the
follow-up test, participants from the intervention group were
additionally asked to indicate whether they had discussed topics
from the lecture on research integrity with others. The majority of
participants (93%) reported having had conversations about
research integrity, mainly with fellow PhD students (43%),
someone close to them outside their work environment (18%) or
their supervisor(s) (13%) (Fig. 4a). The majority of the partici-
pants (79%) also indicated that they had applied/used the infor-
mation received during the course, mostly regarding authorship
(24%), data management (22%) and publication (18%) (Fig. 4b).

Discussion
Ours is not the first attempt to appraise education on research
integrity, but it is the first empirical study evaluating the
immediate impact, as well as its retention over 3 months in a large
sample of PhD students from biomedical sciences, natural sci-
ences, as well as social sciences/humanities.

A positive outcome of our study was the significant though
modest improvement of PhD students’ scores on knowledge and
attitude, and the prolonged impact for some behavioural items. In
addition, we achieved a potentially important—though hard to
quantify—outcome, in that the great majority of the participants
indicated that the lecture had led to discussing research integrity
issues and even applying the content of the course in their daily
research practice. Of note, the extent to which research integrity
was reportedly discussed with the PhD supervisors proved rather
low, as found by others (Langlais and Bent, 2014).

A unique and critically important methodologic feature of the
present study is that we included a control group who did not
receive the intervention. Indeed, as shown in Fig. 2, post-test
results improved slightly, even in the absence of the intervention,
thus suggesting the occurrence of “test effects” (Marsden and
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Torgerson, 2012). Admittedly, the controls did not consist of a
randomised group of PhD students who did not receive the
intervention, because the research integrity lecture was
mandatory.

Our study has several other strengths compared to previous
research (Watts et al. 2017). The existing literature on the impact
of research integrity instructions focused on students from a
particular disciplinary field (Antes et al. 2010; Henslee et al.
2017), did not include longitudinal data (Antes et al. 2010), used a

meta-analytic approach to evaluate instruction (Watts et al.
2017), or concerned only a limited number of students (Langlais
and Bent, 2018). In contrast, we surveyed a large number of
participants from all academic disciplines and our study popu-
lation was also internationally highly diverse, since 43% of our
PhD students had obtained their master’s degrees outside Bel-
gium (at KU Leuven, the language used in research is largely
English). The high number of participants and their diversity in
terms of research fields and geographical origin are features
favouring generalisability of our findings beyond the local con-
text. In addition, the content of the KU Leuven research integrity
course is in line with that of research integrity programmes
offered at other institutions (Abdi et al. 2021; Pizzolato et al.
2020).

A recent meta-analysis on the impact of ethics instruction
based on various evaluation criteria demonstrated “sizable”
positive effects to course participants (Watts et al. 2017), although
the effect sizes ranged from −0.01 (no effect) to 0.79 (large effect).
However, in that meta-analysis, a broad range of different
teaching and training methods were considered with regard to
ethics instructions in the sciences, whereas the objective of the
present study was to evaluate quantitatively the impact of a well-
defined educational intervention, consisting of a single 3-h ses-
sion of lectures on research integrity given in a large auditorium.

We did not observe a prolonged effect for knowledge and
attitude. This may not be surprising since it is well-known that
traditional lecture-based teaching contributes little to long-term
knowledge retention. It has been demonstrated that students
retain less information from traditional lecturing compared with
active learning methods (Freeman et al. 2014; Ramsden, 2003;
Ruiz-Primo et al. 2011). Another possible explanation for the
absence of a persistent improvement in knowledge and attitude in
our study is the greater drop-out in the control group. These
more motivated participants were possibly not representative for
the whole control group, thus masking a possible difference with
the intervention group.

Some limitations should be acknowledged. First, since the
course was intended to involve PhD students from all disciplinary
fields, issues focussing on quantitative research and statistical
analysis, such as p-hacking and HARKing were not addressed in
the course and therefore also not addressed in the questionnaire.

Potential
n = 1,144

Pre-test
n = 1,039 (100%)*

101 non-participation

Intervention group

Post-test
n = 920 (88%)

124 no post-test

484 no follow-up test

Follow-up test
n = 560 (54%)

Control group

Potential
unknown

Pre-test
n = 419 (100%)

163 no post-test

Post-test
n = 256 (61%)

129 no follow-up test

Follow-up test
n = 127 (30%)

Fig. 1 Flowchart of the number of participants in the intervention group and control group. Participants are PhD students in the intervention group and
Master students in the control group. *The total number of participants in the intervention group is 1044. Five participants did not fill out the pre-test.

Table 1 Characteristics of survey participants at baseline.

Variable Control
N= 419
Master students

Intervention
N= 1044
PhD students

Age (years)
20–29 407 (97%) 801 (77%)
30+ 1 (0%) 223 (21%)
Unknown 11 (3%) 20 (2%)
Field of research
Biomedical sciences 185 (44%) 274 (26%)
Social sciences/
Humanities

193 (46%) 260 (25%)

Natural sciences 27 (6%) 485 (46%)
Unknown 14 (3%) 25 (2%)
Have you obtained your Bachelor’s/Master’s degree in Belgium
Belgium 382 (91%) 580 (56%)
Outside Belgium 27 (6%) 445 (43%)
Unknown 10 (2%) 19 (2%)
How long have you been conducting your PhD?
<1 year 827 (79%)
>1 year 196 (19%)
Unknown 21 (2%)
Have you already attended a course or workshop in research integrity?
Yes 83 (20%) 162 (16%)
No 323 (77%) 863 (83%)
Unknown 13 (3%) 19 (2%)

Participants in the intervention group were PhD students who attended a mandatory course on
research integrity lasting 3 h; the control group consisted of Master students who attended their
normal courses for 4 h. Summed percentages may differ from 100 due to rounding. For detailed
information see flowchart in Fig. 1.
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Similarly, because of the limited research experience of starting
PhD students, we did not include issues such as retraction, cita-
tion bias, publication bias or pre-registration.

Second, the proportion of PhD students from the natural sci-
ence may appear high, but this also reflects the composition of
PhD students in our university (44% of all PhD students come
from natural sciences).

Third, participants were not randomised, and the intervention
and control group originated from different populations (PhD
and Master students, respectively).

Lastly, the drop-out percentages after 3-month timepoints may
appear high. We had hoped that the subjects with a follow-up
measurement would be similar to those without a follow-up
information. However, in general, the mean scores at pre-test
proved slightly higher for participants with complete follow-up
than the mean scores of dropouts [for knowledge (3.68 vs 3.86),
for attitude [38.46 vs 39.36], and behaviour yes/no (1.63 vs 1.82);
no changes in behaviour Likert scale (10.63 vs 10.36)]. We trust
that these minimal differences did not materially reflect our
outcome.

One could criticise that our empirical study simply demon-
strated what was to be expected, namely that simply attending
lectures for 3 h is unlikely to have a lasting substantial impact on
knowledge, attitude, and behaviour about research integrity.
However, although the scores of these outcome variables showed
little or no improvement 3 months after the intervention, our
study did reveal that the single intervention had succeeded in
placing research integrity on the agenda of the participants, as
evidenced by the fact that more than 90% of respondents reported
having talked about the concepts addressed during the course,
and more than 70% even indicated that they had applied some of
these concepts. These admittedly less tangible outcomes suggest
that the content of the lectures had moved beyond the lecture hall
and that the intervention thus might have lastingly influenced the
students’ actual practice of research. In other words, we propose
that the conversations spurred by the course may have engen-
dered a greater—hopefully beneficial—effect on the integrity of
research than the instruction itself. This is why the research
integrity training at the KU Leuven also involves interactive
workshops for small groups of more advanced PhD students and,
more recently, also for newly appointed PhD supervisors. We
hope that this comprehensive approach will contribute to

fostering a culture of research integrity, which we consider, in
agreement with others (Martinson et al. 2005; Mejlgaard et al.
2020; Peiffer et al. 2008; Lerouge and Hol, 2020), to be most
influential for shaping researchers’ behaviour.

Methods
Questionnaire development. The questionnaires used for the
study are included in a Supplement. They were all in English,
which is widely used for research at KU Leuven. First, we
developed a 36-item questionnaire on knowledge, attitude and
behaviour in research integrity and misconduct based on a list of
16 research misbehaviours, 22 actions of research misconduct,
and a comprehensive list of 60 major and minor research mis-
behaviours, as described in the literature (Bouter et al. 2016;
Godecharle et al. 2018; Martinson et al. 2005). We added ques-
tions on research integrity, such as I made a data management
plan (Behaviour item), Research integrity training for junior
researchers should be mandatory (Attitude item). We also adapted
some questions to the target population of starting PhD students,
who typically have limited experience with certain issues, such as
retractions.

Second, we validated the content of the questions by consulting
six independent experts: two lecturers of the research integrity
course, two research integrity officers, one expert in methodology
and one person holding a PhD on the topic of research integrity.
We asked them to rate the relevance of each item on a four-point
Likert scale ranging from ‘1= not relevant’ to ‘4= highly
relevant’. We used a multirater kappa coefficient of agreement
(Polit et al. 2007) to calculate agreement among the six experts for
each item and applied the evaluation criteria for kappa as
outlined by Cicchetti (1984) and Fleiss (1971). As a consequence,
we removed seven items, thus resulting finally in 29 items (see
supplementary material 1 and supplementary material 2): six
multiple-choice knowledge items, ten attitude items on a five-
point Likert scale, one attitude top 3 ranking item, seven
behaviour items on a four-point Likert scale and five behaviour
yes/no items. We determined the correct answers for each
knowledge item.

Finally, we conducted a pilot study with ten members of the
Department of Public Health and Primary Care to test the user-
friendliness and layout of the survey.

Fig. 2 Participants’ knowledge, attitude and behaviour on research integrity and misconduct. Pre-test indicates scores immediately prior to a 3-h course
on research integrity (intervention) or another course (controls). Post-test indicates scores immediately after the course. Follow-up indicates scores after
3 months. a Sum of six knowledge items (minimum 0, maximum 6). b Sum of ten attitudes items (minimum 10, maximum 50). c Sum of five behaviour
items (minimum 5, maximum 15), behaviour questions were not asked at post-test. Data are shown as means with 95% confidence intervals. ***P < 0.001,
****P < 0.0001 for the differences in change with respect to pre-test values between both groups, as determined by multivariate linear models for
longitudinal measurements, using a direct likelihood approach. Numbers of respondents are indicated below the graphs and may differ from those shown in
Fig. 1 because of missing data. For details, see Table 2.
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Intervention and survey procedures. The intervention group
consisted of PhD students from all doctoral schools of the uni-
versity who had been invited to attend a mandatory course on
research integrity during their first year of research. As in other
years, the same course was offered four times (November 2018,
January, March and May 2019) and it consisted of successive
lectures (with powerpoint slides, including some interactive
questions via Poll Everywhere) given over 3 h by a panel of
the same five lecturers from different disciplines (including two of
the co-authors) to mixed groups of 200–400 PhD researchers
from biomedical sciences, natural sciences, and social sciences/
humanities. All attendees were asked to complete a paper-based
survey containing knowledge, attitude, and behaviour items
immediately before the first lecture started. This pre-test was
printed on yellow pages each containing a six-digit-code. The
filled pre-test questionnaires were collected before starting the
lecture. Immediately after the 3-h course, before leaving the lec-
ture hall, the PhD students were asked to fill out the post-test
survey printed on pink pages, with the same six-digit-code to
allow a linkage of individual pre- and post-test responses. The
demographic characteristics of the participants and behaviour
items were filled only once, at the pre-test. Three months after the
research integrity course, participants who had filled the optional
entry for their own e-mail, received an invitation with a link to
the online follow-up test using LimeSurvey Version 2.00, where
they were asked to reply to a questionnaire that was nearly
identical to the pre-test questionnaire, plus five additional items
(see supplementary material 1). For the online follow-up survey,
we sent up to three reminders.

An identical procedure was applied to the respondents from
the control group which consisted of Master students. It was not
possible to have a control group consisting of PhD students
because the research integrity course was a mandatory milestone
for all starting PhD students from the university. So, we
distributed the paper-based pre-test and post-test questionnaires
to KU Leuven Master students following similar disciplines as the
PhD students. Because it was not possible to find a course of 3 h,
the post-test in the control group was taken after 4 h of one or a
series of their normal lectures unrelated to research integrity. We
slightly adapted the questionnaire to students at Master level (e.g.
Have you obtained your Bachelor’s degree in Belgium?) (see
supplementary material 2). These control students were included
in February, March, and April 2019.

The study protocol received a favourable advice from the Social
and Societal Ethics Committee of the University of Leuven (G-
2018 10 1350). Each survey form had to be signed for consent (see
supplementary material 1 and supplementary material 2). No
coercion was exercised, and no incentives were given to participate
in the survey. All participants were assured confidentiality.

Data analysis. The pre-test and post-test data were entered into
Excel sheets and then, together with the online follow-up data,
imported and analysed using SAS software version 9.4. Correct
data entry was checked by an independent person. A multivariate
linear model for longitudinal measurements (with an unstruc-
tured covariance matrix for the timepoints) was used to evaluate
whether changes in the scores for knowledge, attitude and
behaviour differed between the intervention and control group.
By the use of a direct likelihood approach, all subjects with a score
on at least one of the timepoints were included in the analysis.
For the binary items, a binary logistic model with generalised
estimating equations was used. All reported p values are two-
sided.

The analysis consisted of assessing changes in scores
of knowledge, attitude and behaviour compared to pre-test, atT
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post-test and follow-up. The scores 1–5 for attitude items were
reversed for the first eight attitude items (a higher score on
attitude implied a more positive attitude towards research
integrity). In the follow-up test, we added five additional items
(see Supplementary material 1).

We performed a sensitivity analysis excluding one knowledge
item (Who owns data collected during your PhD trajectory?)
because we had not realised that the university had no explicit
policy regarding ownership of data, but this sensitivity analysis

did not alter the results. In addition, we excluded two behavioural
items from the statistical analyses: one item was unrelated to PhD
students’ own behaviour (I was denied co-authorship on a
manuscript to which I had contributed substantially); and one
item was not listed in the follow-up questionnaire (I have
discussed issues related to research integrity and misconduct with
fellow PhD students outside this research integrity course).

Data availability
The data that support the findings of this study are not publicly
available because they contain information that could compro-
mise research participants’ privacy and consent. However, they
are available from the corresponding author [SA] upon reason-
able request.

Received: 17 February 2021; Accepted: 27 September 2021;

References
Abdi S, Pizzolato D, Nemery B, Dierickx K (2021) Educating PhD students in

research integrity in Europe. Sci Eng Ethics 27:5. https://doi.org/10.1007/
s11948-021-00290-0

Antes AL, Wang X, Mumford MD, Brown RP, Connelly S, Devenport LD (2010)
Evaluating the effects that existing instruction on responsible conduct of
research has on ethical decision making. Acad Med 85:519–526. https://
doi.org/10.1097/ACM.0b013e3181cd1cc5

Bouter LM, Tijdink J, Axelsen N, Martinson BC, ter Riet G (2016) Ranking major
and minor research misbehaviors: results from a survey among participants
of four World Conferences on Research Integrity. Res Integr Peer Rev 1:17.
https://doi.org/10.1186/s41073-016-0024-5

Central lecture research integrity for starting PhD researchers (3h lecture). https://
www.kuleuven.be/english/research/integrity/training/phdlecture. Accessed 2
Nov 2020.

Cicchetti DV (1984) On a model for assessing the security of infantile attachment:
issues of observer reliability and validity. Behav. Brain Sci 7:149–150. https://
doi.org/10.1017/S0140525X00026558

Committee on Responsible Science, Committee on Science, Engineering, Medicine,
and Public Policy, Policy and Global Affairs, National Academies of Sciences,
Engineering, and Medicine (2017) Fostering integrity in research. National
Academies Press, Washington, D.C., 10.17226/21896

Fanelli D (2009) How many scientists fabricate and falsify research? A systematic
review and meta-analysis of survey data. PLoS ONE 4:e5738. https://doi.org/
10.1371/journal.pone.0005738

Fleiss JL (1971) Measuring nominal scale agreement among many raters. Psychol.
Bull. 76:378–382. https://doi.org/10.1037/h0031619

Freeman S, Eddy SL, McDonough M, Smith MK, Okoroafor N, Jordt H, Wen-
deroth MP (2014) Active learning increases student performance in science,

Pre
ss

ure
 to

 p
ublis

h

Hig
h co

m
pet

iti
on

W
ork

 p
re

ss
ure

Only 
posit

ive
 re

su
lts

 ar
e r

ew
ar

ded

0

200

400

600

800

Pre-test

N
um

be
r 

of
 p

ar
tic

ip
an

ts
 

Pre
ss

ure
 to

 p
ublis

h

Hig
h co

m
pet

iti
on

W
ork

 p
re

ss
ure

Only 
posit

ive
 re

su
lts

 ar
e r

ew
ar

ded

0

200

400

600

800

N
um

be
r 

of
 p

ar
tic

ip
an

ts
 

Post-test

Pre
ss

ure
 to

 p
ublis

h

Hig
h co

m
pet

iti
on

W
ork

 p
re

ss
ure

Only 
posit

ive
 re

su
lts

 ar
e r

ew
ar

ded

0

100

200

300

400

Follow-up test

N
um

be
r 

of
 p

ar
tic

ip
an

ts
 

Intervention

Control

b c
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Fig. 4 Prevalence of respondents regarding having had conversations
about research integrity as reported 3 months after the completion of the
course. a Number and percentage of PhD students that indicated whether
they had discussed topics from research integrity course with others. b
Number and percentage of PhD students that indicated that they had
applied/used the information received during the course. Participants were
asked to check all that apply from a list of predefined options, including
option “other”.
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