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Abstract 

Background  Peer review remains a cornerstone of scientific knowledge dissemination, yet comprehensive, practi-
cally relevant training is limited. This inspired us to develop Peerspectives, a peer review training course for doctoral 
students in the biomedical sciences in Berlin, Germany. We aimed to assess the effectiveness of the Peerspectives 
course on editor-judged quality of peer review reports.

Methods  Doctoral students in health research fields who enrolled in the Peerspectives course between October 2020 
and August 2022 were invited to participate in the study, and 80 consented. The ~18 week-long course provided 
training on the structure, purpose, and conduct of peer review and editorial processes in biomedical journals. It 
included 12 h of lectures, homework assignments, and 12 h of hands-on, small-group workshops, during which stu-
dents reviewed original research manuscripts currently under consideration at The BMJ under the guidance of experi-
enced mentors. The primary outcome was the overall quality of the peer review reports as judged by two independ-
ent BMJ editors using the global score of the Review Quality Instrument (RQI) pre- and post-intervention. Additionally, 
we compared participants’ post-course scores with those of actual BMJ reviewers. We also compared participants’ 
self-assessed knowledge and skills related to scholarly peer review (1–5 Likert scale) before and after the course.

Results  After course completion, the editor-assessed overall quality of the participants’ peer review reports 
was higher than before the course (median increase of 0.5 points, p < 0.001; mean increase of 0.36 points, p < 0.001). 
The RQI scores of participants’ post-course reports were not non-inferior to those of actual BMJ reviewers for the same 
manuscripts. Self-assessed peer review-related knowledge skills increased across all questionnaire items after course 
completion. Greatest improvements were seen in understanding reviewer expectations (increase in means from 2.9 
to 4.5), confidence in reviewing (2.5 to 3.9), and knowing what to look for while reviewing (2.8 to 4.2).
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Introduction
Scientific journals publish scholarly articles, provid-
ing an important platform for transparent presentation, 
exchange, and discussion of new scientific developments. 
Peer review remains a backbone of scholarly publishing, 
though often criticized for being ineffective, unfair, and 
unreliable [1–6]. Critics disagree about which aspects 
of today’s peer review are most problematic and how 
to best ensure its relevance, integrity and quality, and 
how to improve its sustainability [2, 7–9]. In the 2018 
Publons Global State of Peer Review report, 88% of sur-
vey respondents indicated that training is important 
or extremely important for ensuring high-quality peer 
review [10]. Despite expressing great interest in receiving 
further training [11–13], many scientists report lacking 
guidance on how to review a scientific paper [13, 14].

Because of the steady increase in the number of sub-
mitted articles, coupled with limited rewards or incen-
tives for peer review, reviewers experience an increasing 
workload and growing reviewing fatigue [5, 6, 10, 15]. 
Nevertheless, scientists invest considerable amounts 
of effort and time into the publication system; peer 
review activities have been estimated to cost more than 
100 million researcher hours globally per year, with the 
time contributed by US-based reviewers alone valued 
at over US$1.5 billion and UK-based reviewers nearly 
US$400 million in 2020 [16]. Simultaneously, journal edi-
tors report difficulties finding reviewers able to reliably 
deliver high-quality peer review reports [10, 17, 18]. This 
leads to an increased editorial workload and publishing 
delays – challenging conditions only exacerbated during 
the COVID-19 pandemic [6, 19, 20].

Given their importance, aspects of scholarly publish-
ing, including peer review, remain surprisingly absent in 
the curricula of standard doctoral training curricula nor 
formally recognized or incentivized by institutions [21, 
22]. At the same time, early career researchers (ECRs) 
represent a talent pool with great interest in improving 
research culture and practice [23]. Their recent course-
work may provide them with familiarity with the latest 
scientific developments and methods, and they may also 
have more time to dedicate to peer review activities com-
pared to senior scientists. Peer review training, if any, has 
traditionally followed an informal apprenticeship model 

[21]. Existing peer review training resources for biomedi-
cal researchers [24] generally do not involve the review 
of actual manuscripts under consideration for publica-
tion, and most are developed by publishers [25–29], who 
seem to be targeting active reviewers and more experi-
enced scientists. Whether prospective peer reviewers 
make use of these tools and whether they are effective 
remains unknown [21]. We identified only a few efforts to 
explicitly engage students in the peer review of scientific 
articles [30, 31]. The limited existing evidence indicates 
that short-duration training [32], receiving written feed-
back from editors [33], or the simple pairing of novice 
and experienced reviewers [34, 35] are of limited value in 
improving review-related knowledge or review quality.

We developed Peerspectives to bridge the aforemen-
tioned gaps. This semester-long, researcher-led peer 
review training initiative combines interactive lectures 
with small-group workshops led by experienced mentors 
with editing and peer review experience. By using actual 
scientific manuscripts under review at a partnering jour-
nal, The BMJ, Peerspectives sought to enable doctoral 
students to make tangible contributions to biomedical 
research while learning about peer review and the scien-
tific publishing landscape.

The present study aimed to determine whether and 
to what extent the completion of the Peerspectives cur-
riculum had an effect on editor-assessed quality of peer 
review reports drafted by doctoral students. As sec-
ondary aims, we investigated whether the quality of the 
review reports drafted by Peerspectives participants after 
course completion were non-inferior to those submitted 
by actual BMJ reviewers, and we assessed changes in self-
assessed knowledge and relevant peer review competen-
cies following course participation.

Methods
Study design
We conducted a single arm, pre-post study [36]. All 
study participants received the intervention, and the 
outcome was assessed twice: once before and once after 
the intervention was administered. We interpreted the 
average difference between the two outcome measure-
ments across the individuals as the average causal effect 
of the intervention at the end of the study in the student 

Conclusions  Providing doctoral students with comprehensive training resulted in an editorially significant increase 
in review report quality and improved understanding of the role and expectations of peer reviewers in the scholarly 
publishing processes and confidence in giving constructive feedback.
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population of interest. The key assumption needed to 
justify this interpretation is that if study participants 
had not received the intervention, their second out-
come measurement would have been the same as their 
first outcome measurement [37]. Or, in more technical 
terms, we assume 1) causal consistency for the second 
outcome measurement and 2) a form of stationarity: 
that the individual-specific pre-intervention meas-
urement is equal to the individual-specific untreated 
counterfactual (the outcome that would have been 
measured if no intervention had been implemented) at 
the end of the study [37, 38]. Despite requiring stronger 
assumptions than randomized studies [36, 37], pre-post 
designs are common in studies assessing the effect of 
educational interventions [37].

Participants
All students enrolling in the Peerspectives course in the 
semesters October 2020—March 2021, April 2021—
August 2021, October 2021—March 2022, and April 
2022—August 2022 were invited to participate in this 
scientific evaluation study, which was approved by the 
ethics committee of the Charité – Universitätsmedizin 
Berlin (EA4/190/20).

After reading the detailed participant information 
materials, interested students were asked to provide 
written informed consent. Study participation was not 
required to enroll in the course, and all students were 
informed that their choice not to participate in the study 
would not impact their ability to pass the course nor 
receive course credit. Instructors were unaware of which 
students had elected to participate in the evaluation 
study.

Course enrollment capacity was contingent on the 
availability of workshop group mentors and fluctuated 
between 16 and 23 students per semester. Health Data 
Sciences PhD Program students at the Charité – Univer-
sitätsmedizin Berlin were prioritized for course enroll-
ment. To fill open spots, we additionally invited doctoral 
students with similar backgrounds and prior training 
from other programs within our institution and from 
other institutions to apply, advertising the course via our 
institute’s website, and the professional networks of our 
instructors, editor-mentors, PhD program coordinators, 
and course alumni.

Consenting study participants were additionally asked 
to provide information about their age, gender, educa-
tional background (highest degree, anticipated doctorate 
completion date), prior epidemiology or statistics train-
ing, and prior reviewing experience on a short ques-
tionnaire sent via email prior to the start of the course 
(Supplementary Material A).

Intervention
The Peerspectives course ran over approximately 18 con-
secutive weeks (slightly variable  each semester due to 
public holidays) and was designed to provide insights into 
the structure, purpose, and conduct of the peer review 
and related editing processes in biomedical journals. We 
provide additional details on the course structure and 
format (Table  1) and a sample syllabus (Supplementary 
Material B). The language of instruction was English, and 
the course was offered free of charge. All meetings were 
held online using Zoom (Zoom Video Communications 
Inc.) initially due to the COVID-19 pandemic and later 
in an effort to reach students and engage editor-mentors 
located outside of Berlin.

Partnership with The BMJ and role of The BMJ editors
The Peerspectives course and this study were conducted 
in partnership with The BMJ, which regularly conducts 
research and quality improvement work on its peer 
review process [41]. As such, The BMJ routinely informs 
all submitting authors and invited reviewers that it has 
a research program, and they are free to opt out if they 
wish. It also informs authors and reviewers that it does 
such research with third parties in its company privacy 
notice [42].

The BMJ research editors agreed from the outset to 
support the project and facilitate integration of the 
course workshops with the journal’s peer-review work-
flow. To confirm participation in the course, students 
were required to sign a confidentiality agreement in 
which they agreed not to disclose information about 
the unpublished manuscripts encountered during the 
training and assessment activities made available by The 
BMJ to third parties.

Four collaborating research editors at The BMJ (listed 
in the Acknowledgements) were involved in assigning 
suitable manuscripts to each workshop group during the 
course (see Table 1). Each semester, one of these editors 
selected a set of four suitable manuscripts deemed to be 
of a similar level to be used for the pre-/post-intervention 
assessments (see Outcomes section). These editors also 
independently scored a subset of participants’ review 
reports using a web-based scoring interface but were not 
otherwise involved in study design, data collection/cura-
tion, analysis, or manuscript drafting.

Outcomes
Primary outcome: review report quality
The primary outcome was the editor-judged over-
all “global” quality of peer review reports individually 
prepared by the participants. Each study participant 
was required to draft two peer review reports for two 
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scientific manuscripts: one assigned to them before the 
course commenced (“pre-intervention”) and one imme-
diately after completing the final workshop session of 
the course (“post-intervention”). Students were explicitly 
instructed to work on these assessments alone and not 
discuss them with others; however, they were told they 
could freely use any other resources (“open-book”).

To simulate real-world reviewing conditions, students 
received complete instructions using a standardized 
email template akin to actual peer review invitations sent 
by The BMJ. In alignment with standard practice in many 
major biomedical journals, we provided students with a 
two-week deadline to complete their peer review assign-
ments. Reminders mimicking the manuscript manage-
ment platforms’ chasing mechanisms were sent to those 
who had not submitted their reports one week before, 
one day before, and again on the day of the deadline. Par-
ticipants could request a one-week extension; in these 
cases, we sent additional reminders at the same inter-
vals. In cases of non-responsive participants, we sent 
additional reminders until overdue review reports were 
received.

For these individual assessments, a BMJ research edi-
tor selected four original research articles of similar level 
from the manuscripts currently under consideration  at 
the journal, one month prior to the commencement of 

each course run. Each semester, participants were block 
randomized into four groups using the randomizr R 
package [43] v0.24.0. All members of each group received 
the same manuscript for the pre-intervention assessment 
and a different one for the post-intervention assessment. 
Topical expertise of students was not considered in the 
manuscript selection and randomization procedure.

The same two BMJ editors scored all peer review 
reports for a given manuscript: the manuscript’s 
actual handling editor and one additional editor, none 
of whom was an instructor in the course. The pseu-
donymized reports were scored in an online form cre-
ated in LimeSurvey (LimeSurvey GmbH, Hamburg, 
Germany), and the graders were blinded to whether the 
report had been written pre- or post-intervention. To 
mitigate potential order effects, we presented raters with 
their scoring assignments in a random order. Each report 
was scored using the eighth item (How would you rate 
the quality of this review overall?) of the Review Qual-
ity Instrument (RQI) Version 3.2 on a five-point Likert 
scale ranging from 1—“poor” to 5—“excellent” [44]. This 
validated instrument was specifically developed to assess 
review quality and has been used in several previous 
studies [32, 45]. All raters were experienced in using the 
RQI global item of review quality, as it is routinely used 
to score all peer review reports received by The BMJ. The 

Table 1  Overview of the Peerspectives peer review training course

The first part of the course consisted of four 3h interactive lectures led by instructors affiliated with the Health Data Sciences PhD Program at the Char-
ité – Universitätsmedizin Berlin. These lectures focused on: (1) the role of scientific journals, editors, peer reviewers, and authors in scientific publishing; 
(2) ethical guidelines for peer review, open science, and reporting of sex and gender-related aspects; (3) the conduct of peer review, including step-by-
step guidance on how to write a constructive peer review report; and (4) a live demonstration of how to draft a peer review report, including writing 
tips, for an actual “live” manuscript under review. After each lecture, students were assigned homework to be submitted prior to the next session, which 
started with a group discussion of take-home tasks.

For the second part of the course, the workshops, instructors created groups of four (occasionally five) students. Although the selection process 
resulted in a relatively similar overall cohort composition, workshop groups were composed to maximize heterogeneity in disciplinary background 
and expertise. Students in each group worked together under the guidance of an experienced editor-mentor to produce peer review reports for four 
“live” original research articles contemporaneously under review at The BMJ. These editor-mentors donated their time to the project and did not receive 
remuneration. They were not involved in the editorial handling of the manuscripts, data collection, or analysis. Each workshop group produced four 
review reports (one per workshop), totaling 16 to 20 review reports per course run across all workshop groups.

In the week prior to each workshop, the manuscript and any supplemental materials were uploaded to a secure channel on the PaperHive (PaperHive 
UG, Berlin, Germany) web platform [39], which facilitated collaborative annotation and real-time exchange of comments. The students were instructed 
to read the manuscript carefully on their own and individually identify possible points to raise in the review report. On a rotating basis, one student 
compiled these comments into a consolidated draft, removing redundancies. During the 3h workshop, this draft was then refined collaboratively 
with the editor-mentor.

Once the group’s peer review report was finalized and approved by all students and the group’s editor-mentor, the editor-mentor submitted it to The 
BMJ. We confirmed with The BMJ that group peer reviews conducted during the course were acceptable provided that the editor-mentor assumed 
formal responsibility for the review report and all contributing workshop participants were named as contributors. All names were visible to manuscript 
authors and editors (and readers, if ultimately published) in line with The BMJ’s open peer review model. The editor-mentors were instructed to discuss 
the other reviewers’ comments and the final editorial decision on the paper with their group members, once available.

All students (regardless of study participation) were required to attend all sessions, submit all homework assignments, actively prepare for and contrib-
ute to the workshops, and complete the pre- and post-course peer review report assessments to receive four European Credit Transfer and Accumula-
tion System (ECTS) credit points [40]. Excused absences could be made up with additional assignments.

At the end of the course, we offered an optional final session, in which the course participants could listen in on a BMJ editorial manuscript meet-
ing, followed by a group reflection with course instructors. Upon completion, all students were invited to fill out an anonymous course evaluation 
on LimeSurvey (LimeSurvey GmbH, Hamburg, Germany) to provide feedback to instructors on course content, mode of delivery, and organization. See 
Supplementary Material B for a sample course syllabus.
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primary outcome was defined as the mean RQI global 
score given by the two raters to each participant.

Secondary outcome: review quality comparison with actual 
BMJ reviewers
For a secondary analysis, the routinely collected global 
review quality score for the actual peer review reports 
received by The BMJ were extracted from the ScholarOne 
journal management system, which had been scored by 
the manuscript’s handling editor. This analysis was not 
included in the original study pre-registration.

Secondary outcome: self‑assessed peer review‑related 
knowledge and skills
Before and after the intervention, we also collected infor-
mation about self-assessed knowledge and skills related 
to scholarly peer review. Prior to course commencement, 
all study participants were asked to complete an online 
survey containing eight questions to self-assess perceived 
confidence in specific peer review-related knowledge and 
abilities, e.g., “I feel confident in formulating constructive 
and clear scientific critique” (Supplementary Material C). 
The structure of this pre-intervention survey was based 
on the Personality Evaluation Inventory (PEI), designed 
to assess perceived confidence across various domains 
relevant to college students [46]. Response options 
were on a 5-point Likert scale (1—“strongly disagree” 
to 5—“strongly agree”). The same survey was adminis-
tered again upon submission of the post-intervention 
peer review report. Students had one month to complete 
this final self-assessment and were reminded up to three 
times.

Statistical analysis
We performed analyses according to our a priori statisti-
cal analysis plan (https://​osf.​io/​vndcx), which included a 
simulation-based sample size calculation using expected 
distributions of the pre- and post-intervention primary 
outcome. The secondary comparison of the global RQI 
scores with actual BMJ reviewers was added after the 
study protocol was created. We present descriptive statis-
tics, including medians, interquartile range limits, means, 
and standard deviations.

In the primary analysis, we assessed the effect of the 
intervention, taking part in the Peerspectives course, on 
peer review report quality at the time of the second out-
come assessment, among study participants. To do this, 
we compared the pre- and post-intervention primary 
outcome scores (mean global RQI) of the study partici-
pants. Given the paired nature of the measurements, we 
used a non-exact asymptotic paired Wilcoxon signed-
rank test and a paired t-test to determine whether the 
intervention had a statistically significant effect on the 

primary outcome. Both tests were two-sided, with a sig-
nificance threshold of 0.05. Under the traditional statis-
tical assumptions of the test and our causal consistency 
and stationarity assumptions, the paired t-test can be 
interpreted as a test on the average causal effect of the 
intervention.

Next, we investigated whether the participants’ post-
intervention RQI scores were non-inferior to those of the 
actual BMJ peer reviewers assigned to the same manu-
script. We compared the handling editor’s global RQI 
scores for actual BMJ reviewers with the same editor’s 
global RQI scores for the Peerspectives course partici-
pants. We employed a nonparametric statistical approach 
that accommodates the clustering arising from the inter-
dependence of ratings within manuscripts [47]. This 
method infers the ‘relative effect’, also known as the gen-
eralized Wilcoxon-Mann–Whitney effect [48].

A 0.4 unit difference in the average total score of the 
first seven RQI items was considered “editorially signifi-
cant” in prior work [32], so we made the assumption that 
a 0.4 difference on the global item would also be "edito-
rially significant”. To express this statement in terms of 
a relative effect, the gold standard RQI scores from the 
actual BMJ reviewers were utilized to create a dataset of 
hypothetical Peerspectives participant scores. This was 
done by randomly splitting the gold standard RQI data 
into two parts: 60% of the scores remained unchanged, 
while for the remaining 40%, scores were reduced by 1 
point. The resulting mean difference between the two 
datasets was 0.4, corresponding to the threshold of a dif-
ference that would be considered “editorially significant”. 
We defined the non-inferiority null hypothesis as a rela-
tive effect ≤ 0.379, corresponding to the relative effect in 
these hypothetical simulated data.

As a further secondary analysis, we tested for dif-
ferences in self-assessed knowledge and relevant peer 
review competencies between pre- and post-intervention 
measurements using a paired Wilcoxon signed-rank test 
and a paired t-test, as described above. Since we made 
multiple comparisons in this analysis, we corrected all 
p-values for multiple testing using Bonferroni’s method 
(adjusted for 8 comparisons).

Owing to the very low number of missing values, com-
plete case analyses were performed for the primary and 
secondary analyses. We performed two supplementary 
analyses. First, as a sensitivity analysis, we excluded those 
participants who did not turn in their post-intervention 
self-assessment of knowledge and skills questionnaire. 
Second, we report results stratified by prior peer review 
experience.

Finally, we computed inter-rater agreement using the 
weighted Kappa and corresponding 95% confidence 
intervals for the review quality ratings by handling vs. 

https://osf.io/vndcx
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non-handling editors using the R package psych [49] ver-
sion 2.3.3.

All statistical analyses were performed using R version 
4.4.2.

Results
Participant characteristics
Over four semesters, 82 doctoral students enrolled in 
the Peerspectives course, of which 80 provided written 
informed consent to participate in the scientific evalu-
ation study (see flowchart, Fig.  1). Upon enrollment, 
the study participants had a mean age of 30 years and 
59% reported being female (see Table  2). The major-
ity of participants reported their highest level of com-
pleted education as a Master’s degree (75%), while 
the remainder reported studying medicine. Approxi-
mately one-third of students reported having prior peer 
reviewing experience, and those with prior reviewing 
experience reported having reviewed a median of two 
articles (IQRL: 1.0—3.0). Two participants dropped 
out of the study before any post-intervention assess-
ment. The average RQI global scores for the pre- and 

post-intervention assessments were available for the 
remaining 78 participants. Of these, six did not submit 
the post-intervention self-assessment questionnaire. 
Associations between the pre-intervention primary 
outcome and age or number of prior peer reviews are 
presented in Supplementary Material D.

Fig. 1  Participant flowchart

Table 2  Participant characteristics before the intervention

Abbreviations: SD standard deviation, IQRL interquartile range limits

Overall (N = 80)

Age Mean (SD) 30.3 (5.1)

Range 22—49

Gender Female 47 (59%)

Male 31 (39%)

Other 0 (0%)

Prefer not to say 2 (2%)

Highest degree Master 60 (75%)

Medicine 20 (25%)

With prior peer review experience (N = 26)

Number of prior peer 
reviews performed

Median (IQRL) 2.0 (1.0—3.0)

Range 1—15
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Pre‑/post‑intervention review report quality comparison
In the primary analysis, we compared the quality of 
the peer review reports before and after participation 
in Peerspectives. In total, 46 participants had a higher 
primary outcome on the post-intervention review 
report, 18 remained the same, and 14 were worse (see 
Fig. 2). Prior to participating in the course, the median 
primary outcome was 3.5 (IQRL: 3.0—4.0); after the 
course, the median was 4.0 (IQRL: 3.5—4.0). We found 
a statistically significant difference between pre- and 
post-intervention primary outcome using the Wilcoxon 
signed-rank test (p < 0.001). The mean primary out-
come also increased, from 3.47 (SD = 0.72) before the 
intervention to 3.83 (SD = 0.59) after the intervention 
(mean difference: 0.36, t = −4.35, p < 0.001). The median 
length of the submitted peer review reports increased 
slightly from pre- to post-assessment (pre: 666 words 
[range: 147–2824], post: 784 words [range 197–2135]).

Post‑intervention review report quality comparison 
with actual BMJ reviewers
Compared to the Peerspectives participants, BMJ review-
ers had a higher proportion of excellent (“5”) RQI global 
scores (30% vs. 6%), as assessed by each article’s handling 
editor. Actual BMJ reviewers had an overall more favora-
ble score distribution than the Peerspectives partici-
pants. However, all Peerspectives participants received a 
score of 3 or higher, whereas 4% of BMJ reviewers deliv-
ered reports scored with 2; no report received a poor 
(“1”) score (see Fig. 3). For each manuscript used in the 
assessment, the median RQI scores of participants post-
intervention and the median scores obtained by BMJ 
reviewers are shown in Supplementary Material E.

In the secondary analysis, we obtained an estimate for 
the relative effect of 0.36. When testing the null hypoth-
esis of the non-inferiority test, we obtained a p-value of 
0.655. Thus, we were unable to demonstrate non-inferi-
ority of the Peerspectives participants’ RQI global scores 
compared to the actual BMJ reviewers’.

Fig. 2  Alluvial diagram showing changes in the primary outcome between the pre- and post-intervention assessment. Average global RQI scores 
(range: 1 to 5, with 5 indicating better quality) of ratings by two BMJ editors. RQI: Review Quality Instrument
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Pre‑/post‑intervention self‑assessed peer review‑related 
knowledge and skills comparison
Upon comparing the pre- and post-intervention self-
assessments of peer review-related knowledge and skills, 
we observed statistically significant improvements in 
all questionnaire items (all Bonferroni adjusted p-val-
ues < 0.001). The individual participant trajectories are 
shown in Fig.  4 and Bonferroni adjusted p-values from 
statistical tests are summarized in Table  3. Notably, the 
categories 4—“agree” and 5—“strongly agree” greatly 
dominated the responses in the post-intervention assess-
ments for all questionnaire items in contrast to the pre-
intervention assessments, in which the three middle 
categories 4—“agree”, 3—“neither agree nor disagree”, 
and 2—“disagree” were approximately evenly distributed.

The largest improvements were observed in having a 
clear understanding of what is expected from a reviewer, 
with an increase in means from 2.9 to 4.5, the confidence 
in one’s own ability to peer review scientific manuscripts 
(2.5 to 3.9), and for knowing what to look for in a manu-
script when conducting a peer review (2.8 to 4.2).

Supplementary analyses
After excluding those participants who did not submit 
their post-intervention self-assessment of knowledge and 
skills questionnaire (N = 6), we obtained virtually identi-
cal results to the primary analysis.

After stratifying by self-reported prior peer review 
experience, those who had never reviewed before 
(N = 53) had a median primary outcome of 3.5 (IQRL: 
3.0—4.0) pre-intervention and 4.0 (IQRL: 3.5—4.0) post-
intervention. Comparing the mean primary outcome, we 
observed a 0.43 point increase (pre-intervention: 3.42, 
SD = 0.76; post-intervention: 3.85, SD = 0.60) among 
those with no prior reviewing experience. Both Wilcoxon 

signed-rank test (p < 0.001) and paired t-test were statis-
tically significant (p < 0.001). Those who had reviewed 
before (N = 25) had a median primary outcome of 3.5 
(IQRL: 3.0—4.0) before the intervention and 4.0 (IQRL: 
3.5—4.0) after completion of the course. The group with 
prior reviewing experience saw a smaller increase in 
mean primary outcome of 0.22 points between pre- (3.58, 
SD = 0.69) and post-intervention (3.80, SD = 0.56). Still, 
both Wilcoxon signed-rank test (p = 0.043) and paired 
t-test (p = 0.038) were statistically significant.

Inter‑rater agreement
In the primary analysis, since each individual’s review 
report for a given manuscript was scored by two out of 
four BMJ editor raters, three pairings of editors were 
possible for which we could calculate inter-rater agree-
ment. With sample sizes of 74, 40, and 42 reports scored 
by pairs of editors, the weighted Kappa values were 
0.53 (95% CI: 0.40 to 0.65), 0.50 (95% CI: 0.31 to 0.70), 
and 0.49 (95% CI: 0.33 to 0.66), respectively, indicating a 
“moderate” inter-rater agreement in the RQI scoring.

Discussion
Principal findings
Following participation in the Peerspectives peer review 
training course, we observed an improvement in the 
overall quality of participants’ peer review reports. The 
average RQI global score rated by two blinded journal 
editors was statistically significantly higher after the 
course, with a 0.5 increase in the median and a 0.36 
increase in the mean. This suggests a positive average 
effect of the intervention. Given that prior work con-
sidered thresholds of a 0.4 unit difference [32] and a 
10% difference in RQI scores [50] as “editorially sig-
nificant”, the improvement we observed in the primary 

Fig. 3  Distribution of global RQI scores for participants after course completion and for actual BMJ reviewers, as rated by the handling editor. RQI 
scores range from 1 (poor) to 5 (excellent). Percentages may not add up to 100% due to rounding. RQI: Review Quality Instrument
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Fig. 4  Alluvial diagram showing changes in participants’ self-assessed peer review-related knowledge and skills between pre- and post-intervention 
assessments
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outcome appears meaningful. Our supplementary anal-
ysis showed that the quality of review reports of those 
participants with some prior reviewing experience and 
those with none both improved with the intervention.

Also, the participants’ own assessments of their 
knowledge and skills relevant for peer review improved. 
Largest improvements were seen in understanding the 
expectations in the role of a peer reviewer, knowing 
what to look for in a manuscript when reviewing, and 
confidence in conducting peer review. Following the 
course, participants reported feeling more confident 
in expressing scientific critique, using reporting guide-
lines, and in their own scientific writing abilities. These 
acquired skills may make them more likely to accept 
future review assignments and follow through in deliv-
ering high quality peer review reports useful to both 
authors and editors.

Despite these improvements, we could not demon-
strate non-inferiority of the overall quality of the partici-
pants’ post-intervention peer review reports compared to 
those of the actual BMJ reviewers who had been invited 
to review the same manuscripts. This finding is not unex-
pected considering BMJ reviewers represent a highly 
selected group, many of whom likely reviewed for The 
BMJ in the past and achieved sufficiently high-quality 
scores to be invited to review again. Still, 71% of Peer-
spectives participants received RQI global scores of 4 or 
5 (out of 5) by the handling editor, which is noteworthy 
given that the participants were all doctoral students.

Interpretation in context
Peerspectives was originally conceptualized to teach peer 
review to doctoral students in the biomedical sciences 
domains in Germany, a setting in which doctoral stu-
dents are increasingly pursuing cumulative, publication-
based dissertation projects [51]. ECRs are notably absent 
in peer reviewing and editing positions and, therefore, 
not generally the target of peer review training initia-
tives despite representing a unique and highly relevant 
group seeking formal training as peer reviewers. Our 
results show that ECRs are keen to be trained, and can 
draft good quality peer review reports even at a very 
early stage given sufficient guidance and supervision. 
As it remains a challenge for journal editors to find peer 
reviewers willing and able to deliver informative, high-
quality peer review reports under tight deadlines [6, 52], 
engaging ECRs in peer reviews may represent a benefit 
for both parties: ECRs and scientific journals.

ECRs who are drafting their first scientific manuscripts 
may benefit from learning what journal editors and peer 
reviewers look for, and gain firsthand insights into an 
unfamiliar assessment process that is often used as exter-
nal quality control and often relevant (either directly or 
indirectly) for their academic qualification. By reviewing 
actual manuscripts in the hands-on workshops and hav-
ing the opportunity to observe a BMJ editorial meeting, 
Peerspectives participants were directly exposed to edi-
torial decision-making processes. Not only could they 
receive credit for their doctoral studies, but they were 

Table 3  Participants’ self-assessed peer review-related knowledge and skills before and after intervention

IQRL interquartile range limits, SD standard deviation
* p-values adjusted for 8 comparisons using Bonferroni’s method

Statement (N = 72)
(1 = strongly disagree, 5 = strongly agree)

Pre-
assessment 
mean (SD)
median 
(IQRL)

Post-
assessment 
mean (SD)
median 
(IQRL)

Wilcoxon 
signed-rank test 
p-value*

Paired 
t-test 
p-value*

1. I feel confident in my ability to peer review scientific manuscripts 2.5 (1.1)
2.0 (2.0—3.0)

3.9 (0.7)
4.0 (4.0—4.0)

 <.001 <.001

2. I have a clear understanding of what is expected from a reviewer 2.9 (0.9)
3.0 (2.0—4.0)

4.5 (0.6)
5.0 (4.0—5.0)

 <.001 <.001

3. I know what to look for in a manuscript when conducting a peer review 2.8 (0.8)
3.0 (2.0—3.0)

4.2 (0.7)
4.0 (4.0—5.0)

 <.001 <.001

4. I feel confident and comfortable using reporting guidelines 3.2 (1.1)
3.0 (2.0—4.0)

4.1 (0.7)
4.0 (4.0—5.0)

 <.001 <.001

5. I have a clear understanding of ethical aspects relevant in peer review 3.2 (1.0)
3.0 (2.0—4.0)

4.2 (0.8)
4.0 (4.0—5.0)

 <.001 <.001

6. I feel confident in formulating constructive and clear scientific critique 3.1 (0.9)
3.0 (2.0—4.0)

4.3 (0.7)
4.0 (4.0—5.0)

 <.001 <.001

7. I feel confident in my own scientific writing abilities 3.3 (0.8)
3.0 (3.0—4.0)

3.8 (0.8)
4.0 (3.0—4.0)

 <.001 <.001

8. I am aware of key sex- and gender-related considerations relevant for peer review 2.8 (1.2)
3.0 (2.0—4.0)

3.9 (0.9)
4.0 (3.8—4.0)

 <.001 <.001
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also credited by name for their reviewing work in The 
BMJ’s open peer review procedure. After course comple-
tion, we received overwhelmingly positive course evalua-
tions. Though not formally analyzed for this publication, 
the responses highlight identified strengths of the course 
content, format and delivery. We provide a selection of 
free text responses to the question of whether partici-
pants would recommend the course to others and if so, to 
whom (Supplementary Material F).

Students may not be the only ones to benefit from 
comprehensive peer review training programs such as 
Peerspectives. For example, a total of 76 group review 
reports, each containing input from four participants and 
an editor-mentor, were submitted to the partnering jour-
nal and used to inform its editorial decision-making pro-
cess. Not only did this format allow students to tangibly 
contribute to actual peer review, but their contact details 
were also shared with The BMJ for potential invitations to 
review manuscripts in the future, thereby adding trained 
reviewers to its reviewer pool. Moreover, having spent 
less time in professional scientific hierarchies, ECRs may 
be less prone to some known conscious and unconscious 
reviewer biases (e.g., prestige, affiliation) [4, 53]. ECRs 
are particularly receptive to learning and adapting new 
research methods and tools and are usually interested 
and motivated to improve science and quality assurance 
efforts [23, 54].

Comparison with existing literature
There are numerous existing efforts to train peer review-
related knowledge and skills with the aim of improving 
review quality, especially in asynchronous, condensed 
online formats, developed, curated, and maintained by 
major publishers [25–29, 55–57]. However, most peer 
review training initiatives are not formally evaluated for 
effectiveness, and the interventions are highly heteroge-
neous. Researcher-led programs like Peerspectives may 
offer different perspectives on peer review and scientific 
publishing topics than publisher-initiated programs.

A recent Cochrane review found few randomized 
controlled trials evaluating journal peer review training 
interventions, and concluded that training journal peer 
reviewers may lead to little or no improvement in quality 
[58]. Most of the synthesized evidence was low certainty, 
and the authors emphasized the necessity for further 
research with larger participant groups and including a 
wider range of valid and reliable outcome measures [58]. 
Two earlier systematic reviews specific to health research 
found that the evidence base on whether training 
(broadly defined) improved peer review-related knowl-
edge and quality was inconclusive while highlighting con-
siderable gaps and potential biases in existing studies [22, 

59]. The reviews called for more rigorous intervention 
studies evaluating training for peer reviewers [22, 59].

We identified only a few existing studies similar to our 
initiative. One of these, an evaluation of the EMEUNET 
Peer Review Mentoring Program for young rheumatol-
ogy researchers, recommended: (1) the promotion of 
‘face-to-face’ meetings between mentor and mentees, (2) 
an introductory video-conference meeting, to discuss a 
‘practice’ manuscript and literature on peer review, and 
(3) organizing webinars with experienced reviewers [60]. 
All of these suggested elements were also realized in the 
Peerspectives curriculum. Another program trained neu-
rology residents by conducting two real-world mentored 
reviews [57]. The results indicated that training early 
career professionals with limited to no experience in peer 
review led to an improvement in review quality and self-
assessed skills. This journal-led initiative appeared to be 
easily integrated into the existing journal infrastructure 
and editorial processes.

Sharing resources for wider adoption
In an effort to improve the sustainability of peer review 
training initiatives, we are sharing a train-the-trainer 
handbook available via our OSF project page (https://​osf.​
io/​wyegc). The handbook includes all lecture materials, 
a customizable syllabus and course timeline, extensive 
communication and organizational templates, and sug-
gestions to simplify implementation and adapt the course 
to different settings for prospective instructors. We share 
many lessons learned from all the course runs to date. 
With these efforts, we aim to promote the expansion of 
the initiative and facilitate the launch of spin-off courses 
at other institutions and with other journal partners.

Strengths and limitations
Strengths of our study include an independent assess-
ment of participants’ peer review reports for the pri-
mary outcome by two experienced BMJ editors who were 
blinded to whether the review report had been written 
before or after course completion. Since the assessments 
were based on scientific manuscripts contemporaneously 
undergoing peer review at The BMJ and conducted in a 
standard review time frame, we believe we successfully 
mirrored conditions encountered by actual peer review-
ers. Moreover, the study participation was very high 
among doctoral students enrolling in the course; out of 
82 total students, 80 consented and enrolled in the study, 
and 78 completed pre- and post-intervention assess-
ments for the primary outcome.

The main limitation of our study is its pre-post 
design. As an elective course formally embedded in 
a structured PhD program for which students could 
receive credit, our primary obligation was to provide 

https://osf.io/wyegc
https://osf.io/wyegc
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training, with the scientific evaluation study being sec-
ondary. Consequently, it was not feasible to include a 
control group of study participants who did not partici-
pate in the course. Our ability to draw causal conclu-
sions therefore relies on our stationarity assumption 
that the individual-specific pre-intervention measure-
ment is equal to the individual-specific outcome that 
would have been measured at the end of the study if 
no intervention had been implemented ("untreated 
counterfactual") [37, 38]. Essentially, we relied on the 
assumption that no change would have occurred in 
the primary outcome between pre- and post-assess-
ments if the study participants had not taken part in 
the Peerspectives course in-between the measurements. 
Although time-invariant determinants of the outcome 
are accounted for by design [38, 61], the presence of 
time-varying factors influencing the outcome may 
have introduced some bias in our results [36–38, 61]. 
For example, we cannot exclude that if participants 
had not taken Peerspectives, they may have engaged in 
other activities during the semester that would have 
improved their peer review-related knowledge and 
skills (e.g., other PhD courses or their own research 
activities).

This potential “natural” improvement of students’ 
scores over time is a known issue when evaluating 
education intervention using pre-post studies [37]. 
However, given the short time frame between assess-
ments (approximately 4.5 months) and the specificity of 
peer review-related knowledge and skills, it is unlikely 
that these external factors can explain the observed 
improvements. Indeed, we found that peer review qual-
ity assessed before the intervention was very weakly 
associated with age (increased on average by 0.02 for 
a 1-year increase in age) and was not associated with 
the number of prior reviews, suggesting that par-
ticipants’ natural improvement over time is negligible 
(Supplementary Material D). We only looked at short-
term outcomes, and we did not investigate whether the 
effect on quality is sustained in the longer-term. Future 
studies of similar interventions should consider using 
a randomized controlled trial design and longer-term 
follow-up, if feasible, to overcome these limitations.

Furthermore, we cannot fully ensure that the manu-
scripts used in the pre- and post-intervention assess-
ments were of similar difficulty to review. We attempted 
to mitigate this issue by requesting four manuscripts 
of similar complexity from BMJ editors each semester. 
The similarity in median RQI scores by the handling 
editors across all manuscripts strengthens our confi-
dence in their comparability (Supplementary Material 
E). Moreover, by randomizing the sequence of assigned 

manuscripts, we aimed at making the difficulty of the 
pre- and post-assessment the same, on average.

Another limitation is our use of the global RQI score as 
assessed by BMJ editors. While The BMJ editors routinely 
use this overall score for internal routine reviewer evalu-
ation, a single-item global score for review quality does 
not necessarily capture the multi-dimensionality of this 
construct; single-item scales are also less reliable than 
multi-item scales [62]. Moderate inter-rater agreement 
in scores suggests that editors may weigh quality-related 
aspects of peer reviews differently when using the single-
item global score. In an attempt to address this issue, we 
used the average of the RQI global scores from two differ-
ent raters as the primary outcome.

Lastly, in the secondary analysis comparing course par-
ticipants to BMJ reviewers, we used only the handling 
editor’s RQI scores, as they were the sole evaluators of 
the actual BMJ reviewers’ reports. While this ensured 
consistency in the scoring for each manuscript, the han-
dling editor was not blinded to the identity of the arti-
cle’s assigned BMJ reviewers (due to open peer review) 
and they knew whether the report had been produced by 
Peerspectives participants and not actual BMJ reviewers. 
Additionally, The BMJ reviewers’ scores were assigned in 
real-time when the paper was under consideration at the 
journal, whereas Peerspectives participants’ reviews were 
scored all at once; up to two years later.

Conclusions
Our findings provide evidence that participation in the 
Peerspectives program meaningfully improved the BMJ 
editor-judged quality of peer review reports drafted by 
doctoral students. However, the peer review reports 
generated after participating in the course were not 
non-inferior to those submitted by invited BMJ review-
ers, who generally have more advanced career stages 
and reviewing experience. We observed considerable 
improvements in self-assessed knowledge and relevant 
peer review competencies following course participation.
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