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Abstract

Understanding the determinants of research funding allocation by funding bodies, such as the
Research Excellence Framework (REF) in the UK, is vital to help institutions prepare for
their research quality assessments. In these assessments, only publications ranked as 4* or 3*
(but not 2* or less) would receive funding. Correlational studies have shown that the impact
factor (IF) of a publication is associated with REF rankings. Yet, the precise IF boundaries
leading to each rank are unknown; for example, would a publication with an IF of 5 be
ranked 4* or less? Here, we provide a tool that predicts the rank of each submitted
publication to (1) help researchers choose a publication outlet that would more likely lead to
the submission of their research output(s) by faculty heads in the next REF assessment,
thereby potentially improving their academic profile; and (2) help faculty heads decide which
outputs to submit for assessment, thereby maximising their future REF scores and ultimately
their research funding. Initially, we applied our tool to the REF 2014 results for
Neuroscience, Psychiatry, and Psychology, which predicted publications ranked 4* with 95%
accuracy (IF > 6.5), 3* with 98% accuracy (IF= 2.9-6.49), and 2* with 95% accuracy (IF=
1.3-2.89). We then generalised these findings to another REF unit of assessment: Biological

Sciences to further demonstrate the predictive capacity of our tool.
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Introduction

The latest Research Excellence Framework (REF) exercise in 2014 distributed £1.6 billion
per year of research funding to universities and research institutions in the United Kingdom
(UK). In determining how funds are allocated, research outputs (65% weightage) submitted
to the REF are assessed by a panel of experts who assign a research quality grade or ranking
of 4* (world leading), 3* (internationally excellent), 2* (internationally recognised), 1*
(nationally recognised), or U/C (unclassified; below national standard) to each institution.
Importantly, only outputs judged to have a score of 4* or 3* are funded, with 4* (ranging
from £7504 to £14,639 depending on discipline) receiving four times as much money as 3*
(ranging from £1876 to £3659 depending on discipline) (Koya and Chowdhury 2017). The
method describe in this paper focused on the funding allocations based on submitted research
outputs. It should be noted that funding is also distributed on the basis of research impact
(20% weightage) defined by the REF as “an effect on, change or benefit to the economy,
society, culture, public policy or services, health, the environment or quality of life, beyond
academia”, which is a measure of Ph.D. completions, and also on the basis of research
infrastructure (i.e., laboratory facilities; cumulative 15% weightage). These weightages and

definition apply to both REF 2014 and the incoming REF 2021.

To gauge how well a university department might fare in the REF assessments, institutions
run mock REF exercises, in which research outputs are graded by other colleagues. These
mock assessments are time consuming (Farla and Simmonds 2015) and expensive (Jump
2015). Moreover, for academics who do not perform well in these internal mock assessments,
it can alarmingly lead to active research contracts turning into teaching-only or even potential

job losses (UCU 2013). As a result, there have been calls for the implementation of (costly)



80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

alternatives to the peer-reviewed mock assessments (Stern and Nurse 2014), which are

primarily based on citation counts (Harnad 2009; Norris and Oppenheim 2003).

To date, some studies have shown that the H-index of a department correlates with the REF
rankings or REF GPA (grade point average) (Oppenheim 1995, 1997); however, other
investigations have not replicated these findings (Mryglod et al. 2015). Using a machine
learning approach, Balbuena (Balbuena 2018) demonstrated that the best predictors of REF
GPA were the number of Web Science documents, entry tariff, and the proportion of students
coming from independent schools. Additionally, Chowdhury et al. (Chowdhury et al. 2016;
Koya and Chowdhury 2017), reported a linear relationship between the number of upper
quartile (Q1 or top 25%) impact factor (IF) publications and the REF GPA. Although IF is
widely criticized by academics on numerous grounds (Callaway 2016; Hicks et al. 2015;
Paulus et al. 2018; Smaldino and McElreath 2016; Berenbaum 2019), unlike other metrics, it
has been shown to predict the future success of scientists (Acuna et al. 2012; Gyo6rfty et al.
2020; Van Dijk et al. 2014), and has been used by some universities to motivate staff to
publish in the most prestigious journals (e.g., through the provision of cash incentives for
publications with a high IF) (Abritis and McCook 2017; Quan et al. 2017). Furthermore, IF is
positively correlated with retraction rates (Fang and Casadevall 2011), possibly due to the
perceived benefits to one’s academic standing driving publications in a high IF journal.
However, some of the above reviewed studies had limitations in that they examined variables
(e.g., H-index, entry tariff) that cannot be controlled by individual authors/faculties; hence,
knowledge of such relationships with REF GPA does not afford researchers any advantage.
Moreover, there is no correlational evidence between the controllable metrics (such as IF of
the journal) and REF GPA that allow the determination of the likely cut-offs leading to a 4*,

3*, or 2* rating.
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In this research, we set out to describe a tool that predicts the rank of each submitted
publication. For authors, the purpose of this tool is to identify journals or, more precisely, the
impact factor associated with a journal that most likely leads to an award of a 4* or 3* rating
(for research outputs contributing 65% to the REF assessment). The importance of IF could
help individual authors to (1) plan research studies in such a way that they can publish in
outlets likely to result in a 4*/3* rating; and (2) be selected by their Faculty Head for the REF
assessment, thus enhancing their academic profile. For faculty heads, this tool would be most
beneficial in allowing them to strategically pick the research outputs of individual staff
members that have the best chance of being awarded a 4* or 3*, thereby potentially
increasing the funding allocation. Researchers and Faculty Heads already have a good sense
of what leads to a “good quality” paper; however, we outline here a novel, practical, and
accurate quantitative approach to define this “sense”. A discussion of the benefits and

limitations (methodological and philosophical) of this tool is also provided.

Results

Accuracy of GPA prediction

We assessed the accuracy of our tool by comparing our predicted GPAs with the REF 2014
GPAs for each institution. We compared the two sets of results for each institution by a
paired t-test (Fig. 1a). The analysis showed the actual REF 2014 GPAs (M = 2.71, SD = 0.43)
and our predicted GPAs (M = 2.66, SD = 0.62) were not statistically different (t (80) = 1.43, p
= 0.16). These results indicate our tool for assigning rank to each publication based on IF cut-
off values can accurately predict the ranking of publications, as our predicted GPAs for each

institution were comparable to the REF 2014 GPAs.
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Accuracy of the percentage of outputs per rank prediction

To further check the accuracy of our tool, our predicted percentages of publications with
ranks ranging from 4* to U/C were compared with the percentage of publications awarded
each rank by REF 2014. First, we calculated the difference scores between each of the two
variables for each rank in each institution. Second, we conducted a one-way repeated
measures ANOVA with Bonferroni corrections on the mean difference scores of each rank
across institutions. Mauchly’s Test of Sphericity was violated; hence, Lower-bound
corrections were used. We found no significant differences between rank categories (F (1, 80)
=2.93, p = 0.09), which indicates the accuracy of our predicted percentage of outputs was
similar across ranks compared to the actual REF 2014 percentage of outputs (Fig. 1c). The
accuracy of our tool in predicting the percentage of outputs can be seen in Figure 1b. This
accuracy was calculated by summing the percentage of publications in each rank as identified
by the REF 2014 versus our tool. The error rate was calculated as the difference between the
two sums and was subtracted from the true positive (sum of the percentage of publications in
each rank identified by REF 2014) as an indication of our hit rate. The percentage accuracy

was then calculated using our hit rate divided by the true positive.

Accuracy of rankings prediction

We ordered the predicted GPAs to identify the predicted (output-based) ranking of each
institution. With this information, we conducted a Wilcoxon signed-rank test to compare the
REF 2014 output-based institution rankings with our predicted rankings to ascertain the
accuracy of our tool. The test showed our predicted institution rankings did not statistically
differ from that of the REF 2014 institution rankings (Z = -0.082, p = 0.94). The level of
agreement between the institution rankings derived from our IF-based tool versus the REF

2014 results was further confirmed by the Bland-Altman plot (Fig. 2). Specifically, the
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Bland-Altman plot revealed no systematic differences or consistent bias between the
institution rankings derived using our tool versus the REF 2014 results. Indeed, few values
(<4%) lay outside of the limits of agreement (mean of differences + 1.96 SD), indicating

agreement between the two measurements.

Strength of GPA predictions

We conducted two regression analyses to ascertain the extent to which our IF-based tool can
predict REF 2014 quality profile metrics; specifically, GPA. The first simple linear regression
analysis assessed whether our predicted GPA can be used to predict actual REF 2014 GPAs.
We found that our tool could accurately predict the GPA compared to the actual GPA
(unstandardized B = 0.62, p < 0.0001; overall model fit of R2 = 0.80) (Fig. 3). This effect
remained even after conducting a hierarchical regression that accounted for each institution’s
total output and 2013 University ranking. The model predicting GPA was the only
statistically significant model (p < 0.0001 vs. p > 0.09 for all other models), indicating our

tool based on IF cut-off values can predict GPA in the REF 2014.

Generalisability of tool

We examined the generalisability of our tool by applying it to a different area evaluated in the
REF 2014 Unit of Assessment: Biological Sciences. Such an investigation should confirm the
predictive value of our tool. First, we assessed the accuracy of our tool by comparing our
predicted GPAs with the REF 2014 GPAs for each institution who submitted publications to
the Biological Sciences Unit of Assessment. As above, we compared the two sets of results
for each institution by a paired t-test (Fig. 5a). The analysis showed the actual REF 2014
GPAs (M = 2.89, SD = 0.40) and our predicted GPAs (M = 2.93, SD = 0.43) were not

statistically different (t (43) = 1.50, p = 0.14). The accuracy of our tool in predicting the
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percentage of outputs in Biological Sciences can be seen in Figure 5b. Second, we conducted
a simple linear regression analysis to probe whether or not our tool could accurately predict
the GPAs compared to the actual GPAs of institutions who submitted to the Biological
Sciences Unit of Assessment. This analysis showed our method was accurate (unstandardized
B =0.86, p <0.0001; overall model fit of R2 = 0.85) (Fig. 6). This effect remained even after
conducting a hierarchical regression that accounted for each institution’s total output and
2013 ranking. As before, the model predicting GPA was the only statistically significant
model (p < 0.0001 vs. p > 0.14 for all other models). These results collectively indicate that
our tool can accurately predict GPA in the REF 2014 for another Units of Assessment besides

Neuroscience, Psychiatry, and Psychology.

Discussion

The primary goal of this study was to identify the IF threshold values for predicting the
different REF rankings and GPAs. These findings have the potential to be used by individual
authors and faculty heads to make informed decisions on (1) where to submit and publish
articles; and (2) which research outputs should be submitted to the next REF assessment to
maximise funding allocation. We first briefly summarise the key findings and then provide an

in-depth interpretation of these results and their implications.

Our analysis of the REF 2014 Unit of Assessment: Neuroscience, Psychiatry, and Psychology
demonstrated accuracy scores in excess of 95% for predicting the percent of publications
ranked 4*, 3*, or 2*. Specifically, we revealed that to receive the highest possible score of
4* a publication submitted to REF must have an IF equal to or greater than 6.5. We
estimated with 98% accuracy that a publication with an IF of 2.9 or less receiving a rank of

2* or below was unlikely to receive funding. We replicated these findings in the REF unit of
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assessment: Biological Sciences. Although the IF boundaries changed, the accuracy of the
model predictions for publications ranked 4*, 3*, or 2* remained largely similar. Our
findings significantly expand on previous correlational studies by showing that the IF of
publications can be used to predict REF ranking and GPA (Chowdhury et al. 2016; Koya and
Chowdhury 2017). We have developed a precise numerical tool to predict the research output

quality score based on REF 2014 results.

Our estimates for the IF cut-offs are based on the total GPA achieved by each institution and
the corresponding percentages of 4*, 3*, 2*, 1*, and U/C as assigned in the REF 2014
published by the Times Higher Education. Figure 1a shows the similarity of our mean
estimated REF GPAs for all universities (2.66) compared to the actual REF results (2.71);
Figure 1b shows the similarities of our estimated percentages of research outputs with 4*, 3*,
2*,1*, and U/C scores versus the assigned scores, and Figure 4 shows the similarities
between the university REF GPA rankings and our predictions, overall confirming the
accuracy of our estimated IF cut-offs used in the REF 2014 Unit of Assessment. It is
important to note, however, that our IF cut-offs are not predictions at the individual output
level, as this information is not publicly available. The report commissioned by the Higher
Education Funding Council for England (HEFCE) is the only study that has attempted to
match individual research outputs to REF scores (Wouters et al. 2015). The authors
concluded that “The statistics presented do not overwhelmingly support the use of metrics as
a replacement for a peer-review-driven model of research quality assessment”. However, it is
impossible to further comment on their findings, as the methodological details in their report

were scarce and IF was not used as a metric to derive prediction cut-offs.
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Interestingly, our hierarchical regression analyses showed that both the total number of
research outputs and university rankings (aka: league tables, as determined by The Guardian
University guide and ranking for 2013) were not significant predictors of REF GPA. These
results suggest that the evaluators in the assessments, such as REF 2014, primarily (if not
solely) rely on the journal IF to make their decisions on the rank (4* to U/C) of a submitted

publication.

It is important to acknowledge the current study has limitations and the results should be
considered with a note of methodological and philosophical caution. The specific IF
boundaries established in this study are limited to predicting the REF rankings from two
Units of Assessment: (1) Neuroscience, Psychiatry, and Psychology, and (2) Biological
Sciences; thus, future studies are needed to confirm the accuracy of our tool when applied to
other fields. Nevertheless, given that other disciplines, such as Clinical Medicine,
Agriculture, Veterinary and Food Science, Chemistry, Economics, and Econometrics, have
been reported to have similar correlations between REF quality and SCImago (an alternative
measure of The Journal Citation Reports IF, which is highly correlated with IF; Rocha-e-
Silva 2010) to that in Neuroscience, Psychiatry, and Psychology and Biological Sciences (R
> 0.437; (Wouters et al. 2015), we expect our tool will have predictive capacity when also
applied to these fields. It is important to stress that our tool may be less precise for some
Units of Assessment (e.g., Law, Business and Management Studies, Arts and Design, Social
Work and Social Policy, etc.) where a predominant proportion of the assessed research
outputs were not from journal articles (e.g., from chapters in a book, conference
contributions, patents, exhibitions, etc.), which do not have an IF.

It should also be noted that our IF cut-offs were determined post-hoc (i.e., after the REF 2014

data was made available). The next REF assessment is due to take place this year (2021), and
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our IF cut-offs will need to be adjusted to take into account any increases in journal IF values
since 2013 (Althouse et al. 2009). The median IF for Neuroscience-related journals increased
by 22% from 2007 to 2013, whereas the increase from 2013 to 2020 has so far been about
5%. Additionally, individual researchers/faculties using our tool need to take the 2020 IF
values corresponding to the bottom publications in each rank (4* - U/C) and recreate the
confidence intervals (Cl) around the new mean IF of each rank across institutions. It is likely
that these changes will not grossly affect the accuracy of our model®. The expectation that our
tool will continue to be generally accurate relies on two assumptions. First, there should be a
high correlation in the proportions of 4* and 3* assigned to each institution between REF
2014 and REF 2021, as we showed in our analyses of the Research Assessment Exercise
(RAE) 2008 and REF 20142, The pattern of results indicates that the number of outputs
receiving each rank may be stable over time. Second, the distribution of REF quality ratings
should remain largely similar to that in 2021. This was not the case between RAE 2008 and
REF 2014, where the number of 4* and 3* ratings doubled in 2014; however, this difference
has been widely acknowledged as an inflation of grades (Marginson 2014). Our IF cut-offs
for the next REF assessment (2021) also need to take into account any new REF 2021

submission rules different from REF 2014 (e.g., number of outputs per individual (REF

1 To test the accuracy of our model with different IF cut-offs, under the assumption that the IFs of publications submitted to exercises, such
as the REF 2014, may change over time, we examined the accuracy of our model with cut-offs that are 10% greater and 10% lower than the
cut-offs (lower-bound confidence interval) used in this study. The variations in our IF cut-offs indicate that our model remained accurate,
particularly for the first two ranks. For 10% greater cut-offs: 84% accuracy for 4*, 91% for 3*, 89% for 2*, 86% for 1*, and 21% for U/C;
and for 10% lower cut-offs: 75% accuracy for 4*, 95% for 3*, 78% for 2*, 50% for 1*, and 24% for U/C. This analysis indicated our tool
can predict possible REF rankings and GPAs with changing IF cut-offs.

2 We extracted the percentage of publications awarded a 4* and 3* during RAE 2008 for the Unit of Assessment: Psychology (note that
Psychiatry and Neuroscience were measured separately in very few entries). With this information, we conducted a correlational analysis
between the percentage outputs for RAE 2008 and REF 2014 for each rank. This analysis revealed a medium-to-large correlation between
the percentage outputs receiving a 4* (r = 0.78, p < 0.0001) and 3* (r = 0.50, p < 0.0001) in the 2008 versus 2014 exercises, suggesting the

number of outputs receiving each rank may be stable over time.

11
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2019)). As our tool was based on REF 2014, any predictions of results not yet published are
bound to be less precise.

Whilst our tool was highly accurate (i.e., above 90%) in identifying the ranks of 2*, 3*, and
4* it was less accurate for U/C and 1* ranks. We can provide some plausible explanations as
to why this pattern of results may have occurred. First, we automatically assigned a rank of
U/C to any research article which we could not derive an IF (see Methods for the derivation
of an IF for each publication). This strategy likely resulted in over assigning U/C ranks when
a panel of reviewers would have judged the publications differently. Take for example the
case of a newly formed journal from an established publishing group (e.g., Nature,
Frontiers). Because these publishing groups are well-known by academics, it is foreseeable
that a panel of reviewers would have assigned a higher score than U/C to a publication e.g., in
Nature Human Behaviour and/or Frontiers in Physiology, despite them not yet having an IF
or a stable IF pattern. Second, the predicted IF range for an output classified as U/C and 1*
was much smaller than for 2*, 3* and 4* ranks (see Fig. 1 and Fig. 5). This pattern of results
may lead to minor IF deviations that result in underclassifying and/or overclassifying a
research output to one rank versus another. Third and related to the second point, we can
speculate that when the IF of a journal is very low, reviewers who may not be familiar with
these journals may use other heuristics that are as salient as IF for determining the rank of a
paper, such as the institutional ranking of the corresponding author. Lastly, the sample size
for U/C and 1* ranks was between one tenth and one twentieth of 2*, 3*, and 4* ranks, which
likely increased the error rate. Indeed a previous study on the Finnish ranking of research
publications found that misclassification/model errors occurred even when citation-based
metrics predicted most of the expert-based rankings for papers (Saarela et al. 2016). Despite

these methodological limitations, it is important to note that the practical utility of our tool

12
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remains largely unaffected, given that we identified that only the outputs assigned a value of
3* and 4* will receive funding under the REF scheme.

Our analyses indicate that funding bodies, such as REF 2014 in the UK, may base their
allocation decisions on the IF of the outputs submitted for assessment by each institution.
Given the speed in which these decisions must be made, this strategy makes sense insofar as
journals with higher IFs are more visible, hence, one can use this metric as a “‘quick and dirty’
index for (a) the importance of each output to a wide readership; and (b) the (world-class)
success of the researchers/institution of each output. If our assumption are indeed true then an
obvious outcome, as previously stated, is that it may be advantageous for researchers to
publish in higher IF journals and/or for Faculty Heads to submit only high IF outputs for
assessment in order to increase funding allocation to the institution. Although this strategy is
implied by our findings, our view is that researchers, Faculty Heads, and funding bodies
should consider the ethics of using IF as a prime measure of deciding where to publish or for
allocating funding, primarily because IF was conceived as a metric of journal usage not
author scholarship. The formula for IF is the number of cited articles published within a given
period divided by the total number of citable outputs published within that period (Jones
2013; Marson 2020). This formula (a) does not index the way in which an article was read or
used following publication, thus obscuring the assessment of the publication’s impact or
importance; (b) does not index the actual merit of a publication in that journal because the
increased citation could be due to weaknesses and flaws in the publication as opposed to its
strengths, thus obscuring the assessment of the researcher’s success; (¢) does not index
publications that have been cited in text books and not in or in addition to an indexable
journal, thus obscuring both the above assessments; and (d) does not have high reliability
(Greenwood 2007), though it may have high validity in some fields (Saha et al. 2003, also see

Jarwal et al. 2009; Law and Leung 2020)). In listing the limitations of applying IF as a
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metric, we seek to highlight the ethical issue(s) that may arise from its use in strategy,
planning, and decision-making, as per the implications of our findings. In the future, the
increasing number of easily accessible tools that chart bibliometrics may encourage funding
bodies to make more use of an output’s citation count as opposed to IF in decision-making

(Marson 2020).

In summary, our results provide a simple practical tool that can help individual researchers
and/or heads of departments/faculties in the Unit of Assessment: Neuroscience, Psychiatry,
and Psychology and Biological Sciences to accurately estimate the UK REF quality score
based on the IF of their publications. Although our findings were based on REF 2014, our
additional analyses ! demonstrate that the tool likely has predictive capabilities for REF 2021
(despite the approaching REF 2021 submission deadline). Our findings largely agree with
previous literature on the association between various publication metrics and scientific
success/research funding, but further expands on these studies by providing a more cost and
time effective approach for evaluating research papers in the context of REF compared to
mock peer-reviews (Farla and Simmonds 2015; Jump 2015). It is possible that this tool could
be applied to other research funding allocation exercises (e.g., ERA Research Assessment in

Australia) with similar utility after some modifications.

Methods

Data sources and variables

The primary data for this study was the REF 2014 results (Research Excellence Framework
2014) in the UK. As proof of concept, we focused on the Units of Assessment: Neuroscience,
Psychiatry, and Psychology, and Biological Sciences to assess the accuracy of our tool in

predicting REF rankings. These units were chosen because 99% of their outputs were

14
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research articles (and hence likely to have an associated IF). There were 81 institutions who
submitted publications for the Unit of Assessment: Neuroscience, Psychiatry, and Psychology
totalling a combined 9,121 publications. On the other hand, there were 44 institutions who
submitted publications for the Unit of Assessment: Biological Sciences totally a combined
8,608 publications. For each Unit of Assessment, we extrapolated the output and quality
profiles from the REF 2014 dataset: each institution name, the journals of the submitted
publications, and the evaluations for each institution, including the percentage of publications
awarded each rank (4* to U/C) at the culmination of the REF 2014 assessment. We added
four variables to this extrapolated dataset. The first variable was the total number of outputs
(i.e., publications) submitted by each institution to the Unit of Assessment for evaluation. The
second variable was the IF of each journal as of 2013 (sourced from Journal Citation Reports
2014). Publications for which a 2013 IF could not be sourced were either assigned the IF for
the preceding or following year. We were unable to source an IF in 1.29% of publications for
the Unit of Assessment: Neuroscience, Psychiatry, and Psychology, and 1.20% of
publications for the Unit of Assessment: Biological Science. The third variable added was the
Grade Point Average (GPA) awarded to each institution for each Unit of Assessment
(Research Excellence Framework 2014: Institutions Ranked by Subject 2014), which is
calculated by multiplying the percentage of publications in each rank by its rating (adding the
total across all ranks and dividing by 100), giving a GPA index of an institution’s overall
quality of research. Finally, the fourth variable added was the ranking of each institution in

2013 (University guide 2013: University league table 2013).

Calculation of the prediction cut-off values

We first defined the IF boundaries or cut-off values for each of the REF ranks in each Unit of
Assessment using the 2014 dataset. We calculated the number of publications assigned each

rank of 4*, 3*, 2*, 1*, and U/C for each institution in each Unit of Assessment. Next, we
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ordered the publication ranks by their IF for each institution in each Unit of Assessment and
identified the IF value for the publication that was likely to be at the bottom of each rank in
each institution. The IF cut-offs were then identified by calculating the number of
publications assigned a rank from 4* to U/C in each institution. For example, for a given
institution with six publications assigned a 4* by REF 2014, we ranked these submitted
publications by their IF and identified the publication with the lowest IF for that institution in
that rank. We then calculated the mean IF for each rank across institutions in each Unit of
Assessment with their corresponding confidence intervals. The lower bound confidence
interval served as our prediction cut-off for each rank in each Unit of Assessment (see Fig. 1b

and Fig. 5b).

Predicting the ranking of publications and GPA

Using IF cut-off values for each Unit of Assessment, we aimed to predict the rank of each
publication submitted to REF 2014. For example, all publications with an impact factor equal
to or above the lower bound confidence interval for a 4* (e.g., 6.54 for Neuroscience,
Psychiatry, and Psychology) were assigned a rank of 4*, whereas all publications with an
impact factor less than the lower bound confidence interval for a 1* (e.g., 0.71 for
Neuroscience, Psychiatry, and Psychology) were assigned a rank of U/C. Next, we calculated
the percentage of publications in an institution that we predicted to be awarded each rank.
With that information, we also calculated the predicted GPA for each institution. This

calculation used the same formula described above (see Fig. 4 for comparisons).
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Figure 1. Panel A shows the mean GPA awarded by REF 2014 versus the predicted mean GPA determined by
our tool for the Unit of Assessment: Neuroscience, Psychiatry, and Psychology. Panel B shows the percentage
of publications awarded each rank across institutions by REF 2014 versus our predicted percentage of
publications for the Unit of Assessment: Neuroscience, Psychiatry, and Psychology using our tool based on
impact factor cut-off values. We used those cut-off values to predict the number of publications receiving each
rank from 4* to U/C according to the REF 2014 Unit of Assessment: Neuroscience, Psychiatry, and Psychology.
Panel C shows the difference score between REF 2014 and our predicted percentage of publications in each
rank for the Unit of Assessment: Neuroscience, Psychiatry, and Psychology to validate the accuracy of the tool.

All error bars reflect standard error of the mean.

Figure 2. Bland-Altman plot for institution rankings derived from our tool versus the REF 2014 results for the
Unit of Assessment: Neuroscience, Psychiatry, and Psychology. The centre line indicates the mean difference,

whereas the lines on either side are the limits of agreement (mean + 1.96 SD).

Figure 3. The relationship between the predicted GPA using our tool and REF 2014 GPA for each institution
that submitted publications to the Unit of Assessment: Neuroscience, Psychiatry, and Psychology. The blue line

is the best fit (r = 0.90) and green dotted lines are the upper and lower confidence interval boundaries.

Figure 4. The GPA awarded by REF 2014 (in green) and the predicted GPA by our tool (in blue) for each
institution that submitted publications to the Unit of Assessment: Neuroscience, Psychiatry, and Psychology.
The GPA is used to assess the quality of research published in the fields of Neuroscience, Psychiatry, and
Psychology that takes into account the percentage of outputs in each institution assigned a rank from 4* to U/C.
Panel A represents institutions that are in the upper GPA quartile of REF 2014, panels B and C represent
institutions in the middle quartiles (2nd and 3rd, respectively), and panel D represents institutions in the lower

GPA quartile.

Figure 5. shows the mean GPA awarded by REF 2014 versus the predicted mean GPA determined by our tool
for the Unit of Assessment: Biological Sciences. Panel B shows the percentage of publications awarded each

rank across institutions by REF 2014 versus our predicted percentage of publications in the Unit of Assessment:
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Biological Sciences using our tool based on impact factor cut-off values. We used those cut-off values to predict
the number of publications receiving each rank from 4* to U/C according to the REF 2014 Unit of Assessment:

Biological Sciences.

Figure 6. The relationship between the predicted GPA using our tool and REF 2014 GPA for each institution

that submitted publications to the Unit of Assessment: Biological Sciences. The blue line is the best fit (r = 0.92)

and green dotted lines are the upper and lower confidence interval boundaries.
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