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Abstract
Objectives To evaluate the influence of external peer
reviewer scores on the National Institute for Health
Research (NIHR) research funding board decisions by the
number of reviewers and type of reviewer expertise.
Design Retrospective analysis of external peer review
scores for shortlisted full applications for funding (280
funding applications, 1236 individual reviewers, 1561
review scores).
Setting Four applied health research funding programmes
of NIHR, UK.
Main outcome measures Board decision to fund or not
fund research applications.
Results The mean score of reviewers predicted funding
decisions better than individual reviewer scores (area
under the receiver operating characteristic (ROC) curve
0.75, 95% CI 0.69 to 0.81 compared with 0.62, CI 0.59
to 0.65). There was no substantial improvement in how
accurately mean reviewer scores predicted funding
decisions when the number of reviewers increased
above 4 (area under ROC curve 0.75, CI 0.59 to 0.91 for
four reviewers; 0.80, CI 0.67 to 0.92 for seven or more).
Reviewers with differing expertise influenced the board’s
decision equally, including public and patient reviewers
(area under ROC curves from 0.57, CI 0.47 to 0.66 for
health economists to 0.64, CI 0.57 to 0.70 for subjectmatter experts). The areas under the ROC curves were
quite low when using reviewers’ scores, confirming that
boards do not rely solely on those scores alone to make
their funding decisions, which are best predicted by the
mean board score.
Conclusions Boards value scores that originate from a
diverse pool of reviewers. On the basis of independent
reviewer score alone, there is no detectable benefit of
using more than four reviewer scores in terms of their
influence on board decisions, so to improve efficiency,
it may be possible to avoid using larger numbers of
reviewers. The funding decision is best predicted by the
board score.

Background
The National Institute for Health Research
(NIHR)1 is a significant, long-established
UK funder of applied health research. The

Strengths and limitations of this study
►► This study analysed data from a sizeable consecu-

tive cohort of 280 applications for funding and 1561
individual reviews from a major national funder
of health research (National Institute for Health
Research).
►► This study was conducted alongside a qualitative
study eliciting the views of stakeholders in the peer
review process which gives context to these results.
►► The study analysed reviewer scores but did not consider the written comments from peer reviewers.
►► The applications were assessed by different numbers of reviewers, giving a range of statistics and
making our results harder to compare with some
previous studies.

NIHR aims to select applications for research
funding which are of the highest quality and
address important health issues, providing
much needed evidence for policy and practice. This selection process can be time
consuming and costly in terms of human
resource,2 3 and the NIHR is committed to
simplifying the research pathway, the time
taken for scientific innovation to complete
the journey from ‘bench to bedside’, and to
improving the transparency and efficiency of
the research funding process. To this end, the
NIHR embarked on a programme of work
(Push the pace project),4 and this study is
part of that wider piece of work.
Peer review is considered by many to be
the gold standard for assessing the scientific quality and relevance of grant applications5 6; however, there is much discussion
in the literature about the value, effectiveness and fairness of this process.7–10 There
are also many models for the peer review
process. Peer reviewers may be internal
or external to the funding process,11 the
internal reviewers commonly being members
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Methods
Data
The data include 280 full applications submitted to
four NIHR research funding programmes (Efficacy and
2

Mechanism Evaluation, Health Services and Delivery
Research, Health Technology Assessment and Public
Health Research) during 2015 and includes those for
which a funding board decided to fund or reject the
proposal. It excludes outline applications, a few full applications which were resubmissions and those for which the
board decision was deferred to another meeting.
Each application had been scored by between three and
nine peer reviewers, making 1236 reviewers in total. Some
reviewers reviewed multiple applications (maximum of 6);
the total number of reviews for all applications was 1561.
Each reviewer awarded an application an overall score
on a scale of 1–6, where a score of 1 indicated that the
application was extremely poor and unsupportable, and 6
indicated that the application was excellent and could be
funded without amendment. The board members considered all the individual reviewer scores and, after discussion, agreed a single score for each application and made
a decision regarding funding, which could be fund, reject
or invite for resubmission.
Peer reviewer variables analysed included the reviewer’s
experience with NIHR applying to these four programmes
as a chief investigator or co-applicant (number of funded
projects and number of times applied); the reviewer’s
role as assigned by NIHR staff: clinician (32%), methodologist (25%), public and patient reviewer (18%), subject
matter expert (17%) and health economist (9%); and the
score given to each application. The application variables
analysed included the cost and duration of the application, whether the research was primary or secondary, how
many reviewers reviewed the application, the funding
programme and the board score post discussion (an
average of typically 12–15 individuals scoring the application on the scale of 1 to 6; the original, individual scores
are not recorded).
Analysis
The data were analysed using STATA V.14 (Stata Corp,
College Station, Texas, USA).
Agreement between reviewers
The intraclass correlation (ICC) was calculated to
examine agreement between reviewers within applications for all outcomes. The ICC can only be calculated on
groups of the same size; therefore, the ICC for applications with differing numbers of reviewers had to be calculated separately. An ICC of less than 0.4 is described as
poor reliability, 0.4 to 0.59 is fair, 0.6 to 0.74 is good and
above 0.75 is excellent reliability.14
Agreement between reviewer scores and board scores
Bland-Altman plots15 were used to assess agreement
between reviewer scores and board scores for all applications included in the study. For each application, the
difference between the average board score and the
average reviewer score was plotted against the mean of the
same two quantities. The 95% limits of agreement, estimated by the mean difference±1.96 SDs of the difference,
Sorrell L, et al. BMJ Open 2018;8:e022547. doi:10.1136/bmjopen-2018-022547
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of an independent decision-making board or committee,
and the external peer reviewers working independently
of that committee and funding organisation. The contribution from external reviewers often comprises several
elements including independent scoring of applications
and written comments expressing their views on various
aspects of the application. Importantly, the expertise of
external reviewers may cover gaps in the expertise of the
standing board members.12
External peer review is integral to the NIHR process.
This process comprises two stages. First, applications for
funding are considered by a board and they are either
shortlisted or rejected. Then applications which have
been shortlisted submit a full application and these are
sent out for external peer review. This is reviewed by individuals who are not members of the board and who do
not attend the board meeting. The external peer review
process involves a variety of external reviewers including
clinicians, health economists, methodologists, public
and patient reviewers and subject-matter experts who are
invited to review and score applications shortlisted for
funding, and to comment on their quality and relevance. A
variety of factors influence the number of external reviews
obtained for each application, including the topic, cost
of the study, whether it is primary or secondary research,
and time taken for reviewers to respond. Comments and
scores obtained from the external reviewers are shared
with the board members and the applicants before the
board meeting where the applications are discussed and
funding decisions made.
The NIHR includes patient and public reviewers in
the peer review process; these include patients, potential
patients, carers, people who use healthcare services and
people who are part of organisations which support these
people.13 Opinions from patient and public reviewers
are valued with particular regard to the importance of
the research question posed. Comments and scores from
all the peer reviewers are then considered by a standing
funding board of experts when they are making decisions
concerning the funding of those applications.
We acknowledge that reviewer scores are not the only
part of the peer review report that influence board decisions as useful narrative comments are also included.11 12
However, the objectives of our study were to investigate the
influence of external peer reviewer scores on the funding
decisions made by the board, how many reviewers are
needed to review an application, and the relative value
of peer review scores from reviewers with differing expertise. While external reviewers and board members assess
the importance of the research question and the deliverability of the study, board members are also making a
decision regarding funding.
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Multivariate analyses
Linear regressions were performed of the average board
scores on the average reviewer score and all other application variables as well as the number of reviews per application on all relevant application variables. Each funding
application had several reviewers; we anticipated that the
reviewer scores for some applications might be similar.
Multilevel modelling of reviewer scores allowing for clustering by application was therefore used to take account
of application and reviewer variables when analysing
reviewer scores. An ordered probit regression of reviewer
scores on reviewer-level variables (number of applications
as chief investigator, number of applications as co-investigator, number of reviews submitted and reviewer role)
and application-level variables (application cost, funding
stream and research type) with a random effect for application was performed.
Number of reviewers and influence on board decisions
The influence of peer reviewer scores on the board
decision, using only applications that resulted in a fund
or reject outcome (the very small number invited to
resubmit were excluded), was measured by logistic regression with SEs adjusted for clustering. Both the mean and
individual reviewers’ scores were used to predict board
decision, and predicted probabilities from the logistic
regression were used to create receiver operating characteristic (ROC) curves. The area under the ROC curve
summarises the accuracy of the reviewers’ scores in
predicting board decision. An area of 1 is perfect prediction, a score of 0.9 to 1 is excellent, 0.8 to 0.9 good, 0.7
to 0.8 fair, 0.6 to 0.7 poor and a score of 0.5 is no better
than chance.
The number of peer reviewers used was explored by
comparing area under ROC curve using the predicted
probabilities from the logistic regression models for
applications reviewed by different numbers of reviewers.
These are compared to see if increasing the number of
reviewers reviewing an application increases the influence of the reviewer scores on the board decision.

Table 2 Intraclass correlation (ICC) values for applications
with 4, 5, 6 and 7 external reviewers
Number of
reviewers

Number of
Average
applications ICC

95% CI

4
5

40
90

0.35
0.35

−0.05 to 0.63
0.11 to 0.54

6
7

82
51

0.18
0.41

−0.13 to 0.43
0.12 to 0.63

Reviewers with specific categories of expertise and varying levels
of NIHR application experience
The relative influence of peer reviewer scores from
reviewers with different types of expertise and different
levels of research experience was measured by logistic
regression, using the area under the ROC curve to
compare scores from different types of reviewer with the
board’s decision.
Patient and public involvement
Patients and members of the public were not involved in
the design of this study; however, the scores from patient
and public representatives who performed peer review of
applications for funding were included in the data analysed, and results for this group are presented below.

Results
Data
A summary of the application variables is given in table 1.
Analysis
The mean number of external reviewers per application
was 5.6, with scores on average one point higher than the
board. The average board scores varied more than the
reviewer average scores, with SD of 1.00 and 0.53, respectively. The applications covered a wide range in terms of
cost and duration, and a linear regression of the average
board scores on the average reviewer score and all other
application-level variables (n=280) gave the following
statistically significant effects:
►► Average board score increased by 0.85 (0.67 to 1.03)
for each unit increase in average reviewer score
(p<0.001).

Table 1 Summary statistics of application variables for all applications in the study n=280
Variable

Mean

Median

SD

Minimum

Maximum

Board score
Reviewer average score

3.7
4.7

3.8
4.7

1.00
0.53

1.5
2.75

5.8
5.6

Total reviewers per application

5.6

6

1.13

3

9

Application cost (£)
Project duration (months)

881 000
35.1

605 000
32

979 000
17.7

50 000
6

11 500 000
148
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provide an interval within which 95% of the differences
between board and reviewer scores are expected to lie.
If a linear relationship is found between the differences
and the means of the board and reviewer scores, regression-based 95% limits of agreement can be computed.16 17
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►►

Average board score decreased by −0.19 (−0.31 to
−0.07) for each £1 000 000 increase in application cost
(p=0.002).

Agreement between reviewers
The ICC can only be calculated for applications with
the same number of reviewers, so it has been calculated
multiple times. ICCs of reviewer scores within applications
are shown in table 2; the agreement between reviewers
reviewing an application is judged low for each number
of reviewers.
Agreement between reviewer scores and board scores
The standard Bland-Altman plot shows a linear relationship between the diﬀerence of the board and reviewer
scores and the mean of the board and reviewer scores.
The difference in mean scores between reviewers and
the board is greater for lower scoring applications than
higher scoring applications.
A linear regression is used to adjust the 95% limits of
agreement accordingly (figure 1). This shows that higher
scoring applications have higher agreement than lower
scoring applications.
4

Multivariate analyses
A linear regression of the number of reviews per application showed that the number of reviews obtained varied
by the type and cost of research, changing by −0.98 (−1.36
to −0.60) reviews for secondary research (predominantly
evidence synthesis and systematic reviews) compared with
primary research (p<0.001) and increasing slightly by
0.20 (0.06 to 0.34) reviews for each £1 000 000 increase in
application cost (p=0.006).
No relevant statistically significant results were obtained
through multilevel modelling of reviewer scores on application-level and reviewer-level covariates, that is, none
of the included variables was a statistically significant
predictor of reviewer score.
Number of reviewers and influence on board decisions
The logistic regression model with a binary outcome of
fund or reject against individual reviewer scores gives the
area under the ROC curve as 0.62, 95% CI 0.59 to 0.65.
Table 3 shows how the area under the ROC curve changed
with differing numbers of reviewers. However, only small
differences are seen in area under the curve between
applications having four to seven or more reviewers.
Sorrell L, et al. BMJ Open 2018;8:e022547. doi:10.1136/bmjopen-2018-022547
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Figure 1 Adjusted Bland-Altman plot of reviewer average scores and board average scores (each dot represents one
application, larger dots indicate multiple applications at the same value, the dashed green line is the mean difference and the
shaded grey area is the 95% limits of agreement).
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Number of
reviewers
All applications
with fund or
reject outcome
4

N (applications) AUC

95% CI

263

0.62

0.59 to 0.65

38

0.75

0.59 to 0.91

5

82

0.76

0.66 to 0.87

6
7–9

79
57

0.68
0.80

0.56 to 0.80
0.67 to 0.92

AUC, area under the curve.

Reviewers with specific categories of expertise and varying levels
of NIHR application experience
Using reviewers’ mean scores per application increased
the area under ROC curve to 0.75, 95% CI 0.69 to 0.81
(table 4). As the areas under the ROC curves were quite
low when using reviewers’ scores, this demonstrated
that the board does not rely entirely on scores to make
the funding decision. The board score best predicts the
funding decision, with the area under the ROC curve for

Table 4 Area under the receiver operating characteristic
curve for logistic regression of fund or reject decisions from
reviewer scores with different roles and NIHR application
experience (as expected, the AUC is highest for board
scores)
N

AUC

95% CI

Individual reviewer scores 1467
Mean reviewer scores
263

0.62
0.75

0.59 to 0.65
0.69 to 0.81

Board scores

263

0.97

0.95 to 0.99

 Clinical reviewer

470

0.60

0.55 to 0.65

 Health economist

130

0.57

0.47 to 0.66

 Methodologist

356

0.61

0.56 to 0.66

 Public contributor

257

0.64

0.58 to 0.70

 Subject-matter expert

254

0.64

0.57 to 0.70

 No applications to
NIHR programmes

591

0.61

0.58 to 0.66

 Applied but
unsuccessful

335

0.58

0.53 to 0.64

 One or two funded
applications
 Three or more funded
applications

317

0.63

0.57 to 0.69

224

0.65

0.59 to 0.72

Type of reviewer

Research experience

AUC, area under the curve; NIHR, National Institute for Health
Research.
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the board score of 0.97, 95% CI 0.95 to 0.99. These results
can be seen in table 4.
All types of reviewer (including public reviewers)
influenced the board decision. Although scores from all
reviewer groups had similar levels of influence on the
board, those reviewers with unsuccessful NIHR applications may have a lower influence than those who have
either been funded or have not applied; however, all CIs
overlap.
Discussion
Statement of the principal findings
Low agreement between reviewer scores is to be expected
because they are assigning scores from a different perspective. Our results show that the mean reviewer score
predicts the board decision on an application better than
individual reviewer scores. However, the Board does not
rely entirely on reviewer scores to make their funding decisions. Reviewers tend to award more generous scores than
the Board, probably in part because they assess proposals
individually against rather broad criteria. However, the
Board has access to all the reviewer comments plus the
applicant responses to those comments as well as their
own opinions and therefore are probably more confident
in giving a wider range of scores as they have more context
in which to make a judgement. The Bland-Altman plot
shows that the Board and external reviewers agree more
strongly on applications with a high score. Variability for
high-quality and very low-quality applications is probably less than applications with a mix of strengths and
weaknesses. However, due to the two-stage application
process, there are unlikely to be many proposals where all
reviewers agree that the application is weak as these applications have already been rejected at an earlier stage.
Therefore, the lower scoring proposals in this study are
likely to be those with a mix of strengths and weaknesses
and thus may have one or two low scores combined with
several high scores, for example the methodology may be
weak where everything else is strong.18 Board scores will
take into account these weaknesses, which could explain
the decreased agreement for lower scoring proposals.
Where there are more than four reviewers per application, this circumstance does not appear to increase the
influence of the external reviewers on the board decision;
therefore, there may be no advantage in having more
than four reviewers. This has implications regarding
the resources needed for the peer review process, as
much time is spent by NIHR staff finding appropriate
reviewers, by those reviewers completing reviews and by
board members considering their comments. Limiting
or reducing the number of peer reviewers without an
adverse effect on board decision-making would increase
efficiency. Scores from all types of reviewer (clinical
reviewers, health economists, methodologists, public
reviewers and subject-matter experts) have a similar influence on the board decision. There is also no evidence of
reviewers with more experience of applying to NIHR for
5
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Table 3 Area under the receiver operating characteristic
curve for logistic regression of fund or reject decision from
reviewer mean scores with different numbers of external
reviewers for 263 applications that resulted in an outcome of
fund or reject
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Strengths and limitations of the study
This study investigated the influence of peer reviewer
scores from peer reviewers with a variety of expertise, on
a large consecutive cohort of applications from a major
national funder. This study also benefits from being
conducted alongside a qualitative study eliciting the views
of stakeholders in the peer review process,12 which gives
context to our results. Considering the findings from
these two studies together enhances our overall understanding of the peer review process and of the possible
changes which might be made to enhance the efficiency
of the process.
A weakness of the study was that, as different numbers
of reviewers were used to review applications, and the
agreement statistics such as the ICC were calculated on
each category of numbers of reviewers, this gave a range
of values which makes it hard to compare with previous
work. A more complex approach to modelling using resampling might have allowed us to explore this but was
beyond the scope of this study.
The ICCs were also calculated for each reviewer role;
however, this divided the applications into more categories for ICC calculation and the numbers within each were
too small to report. For some of the calls for research,
applications were in competition with each other, so it
was possible that applications may have been rated highly
but were still not funded.
Strengths and weaknesses in relation to other studies,
discussing important differences in results
Few studies have previously looked at the reliability of
external peer review of funding applications19 20 or evaluation by boards and panels.5 20 Some studies have looked at
inter-rater reliability where a selected cohort of reviewers
or boards21 have evaluated multiple applications. We
have found no similar studies analysing data from several
external reviewers scoring each application.
Previous studies have found that inter-reviewer differences can be reduced by consensus discussion,5 22 and
that a range of reviewer agreement levels within applications is not unusual.5 23 24 In our case, we deliberately
obtain contrasting reviewer perspectives, giving a comprehensive and balanced view of the application. Training
for reviewers has been suggested12 23 and, although this
is not necessarily the aim, training may improve interrater agreement. There is limited evidence about the
benefits of including patient and public peer reviewers.22
Our study included patient and public reviewers and
found that their scores were as influential as scores from
other types of reviewers regarding the funding decision.
6

Previous work22 found that patient reviewers scored more
harshly than scientists, while in our study public and
patient reviewers scored highly compared with the other
reviewers. This difference may be because the patient
reviewers in Fleurence et al’s study were able to discuss
applications with scientists and subsequently revise their
scores; this did not apply to any of our external peer
reviewers.
The optimum number of reviewers is a frequently
debated question,25 the concern being that using too few
may impact negatively on the quality of decision-making,
whereas too many consumes unnecessary resources. Our
findings based on scores alone indicate that more than
four external peer reviewers may not be needed. Snell25
used peer review scores from a postdoctoral fellowships
competition to show that five reviewers per application
represented a practical optimum number of reviewers.
Findings from qualitative work conducted alongside
this study12 suggested merits in developing a more
proportionate approach across all funding programmes
by varying the numbers of reviewers according to the
amount of funding requested by the application.
Meaning of the study: possible explanations and implications
for clinicians and policy-makers
The NIHR peer review process is viewed as worthwhile
and important to the funding boards, external reviewers
and applicants.12 Our findings indicate that the NIHR
should continue to encourage participation from public
and patient reviewers, as their expertise and opinions on
new potential research is valued. Improvements to the
peer review process, however, may enhance efficiency,
and there may be little benefit from having a large
number of reviewers (eg, six or more) to review applications. Limiting the number of reviewers would reduce
the workload for stakeholders including board members
and funding agency staff, thereby conserving the overall
resource for research.26
Unanswered questions and future research
Future work to elucidate the interactions and discussions by boards regarding funding decisions for applications would provide greater insight into the peer review
process. Analysing the discordance between reviewer
scores would enable us to explore further the importance
of individual reviewer scores and how they influence the
funding board. Future research focusing on the relationship between the funding process (eg, reviewer and
board scores) and the outcomes and long-term impact of
research and the influence of PPI input on these would
be very informative.

Conclusions
This study investigated the influence of external peer
reviewer scores on funding board decisions, and our
results indicate that having more than four reviewers
per application does not increase this. Reviewers with
Sorrell L, et al. BMJ Open 2018;8:e022547. doi:10.1136/bmjopen-2018-022547
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funding influencing the board’s decision. The agreement
between reviewers reviewing an application is low for
each number of reviewers. This is unsurprising, as NIHR
staff deliberately choose reviewers with different expertise to assess each application, so they are likely to view
the applications from different perspectives, all of which
are valued.
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