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Abstract

Performance-based research funding systems (PBRFSs) have been used in selectively dis-
tributing research funding, increasing public money accountability and efficiency. Two
recent such evaluations in England were called the Research Excellence Framework (REF),
which took place in 2014 and 2021, and the research environment, outputs and impact
of the research were evaluated. Even though various aspects of the REF were examined,
there has been limited research on how the performance of the universities and disciplines
changed between the two evaluation periods. This paper assesses whether there has been
convergence or divergence in research quality across universities and subject areas between
2014 and 2021 and found that there was an absolute convergence between universities in
all three research elements evaluated, and universities that performed relatively worse in
REF in 2014 experienced higher growth in their performance between 2014 and 2021.
There was also an absolute convergence in the research environment and impact across
different subject areas, but there is no significant convergence in the quality of research
outputs across disciplines. Our findings also highlight that there has been an absolute con-
vergence in research quality within the universities (between different disciplines in a given
university) and within disciplines (between universities in a given subject).
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Introduction

The evaluation of the research performance of the universities and respective funding allo-
cation based on their performance, so-called performance-based research funding systems
(PBRFSs), have become widespread worldwide (Dougherty et al., 2016; Hicks, 2012; Pinar
& Horne, 2022; Zacharewicz et al., 2019). It has been argued that the PBRFSs emerged
based on the new public management reforms to increase public accountability (Hicks,
2012; Leisyte, 2016), and these funding systems aim to allocate resources to more efficient
research institutes, provide accountability for public investment and establish reputational
yardsticks (REF, 2022; Zacharewicz et al., 2019).

The benefits and negative implications of such systems have been evaluated (see e.g.,
de Rijcke et al. (2016); Geuna and Piolatto (2016); Watermeyer and Olssen (2016) for a
review). One of the benefits of such evaluation systems is found to be the increased quan-
tity and/or quality of the research. For instance, Civera et al. (2020) found that the excel-
lence initiative in Germany led to an increased number of publications, but the quality of
such publications declined. On the other hand, Checchi et al. (2019) examined the role
of the performance-based funding system in the number and quality of publications in 31
countries over the period 19962016, and found that number of publications and citations
attracted by these publications increased over time, but the share of articles published in
the top journals remained steady. Analyzing the publication practices of Polish researchers
between 2009 and 2016, Korytkowski and Kulczycki (2019) demonstrated that both the
quality and quantity of publications increased in Poland.

Some of the existing studies found that the PBRFSs in the United Kingdom (UK), Italy
and South Korea led to increased performance and funding differences across universities.
For instance, the research assessment exercise in 2008 (RAE2008) and research excellence
framework in 2014 (REF, 2014) increased the concentration of funding among larger uni-
versities in the UK (Marques et al., 2017; Martin, 2011; Pinar, 2020; Torrance, 2020).1
For instance, Pinar and Unlu (2020a) showed that the inclusion of new criteria to the REF
(2014) (i.e., the evaluation of the non-academic impact of the research) led to an increased
quality-related research funding gap among universities. In other words, the differences in
performance-based funding allocated to universities based on their performances in envi-
ronment and output categories were lower than the differences in funding allocated based
on their performances in the impact category. Furthermore, Jeon and Kim (2018) found
that the growth of the number of publications by the top 20% of universities was relatively
higher than that by the bottom 20% of universities between 2009 and 2015, which was
7 years after the introduction of the governmental performance-based funding, in South
Korea. Grisorio and Prota (2020) found that performance evaluations in Italy led to an
increased research gap geographically (i.e., the concentration of high-quality research in
northern regions) and could contribute to the already existing regional disparities between
the south and north of Italy.

The research quality and inequality changes have also been evaluated using convergence
analysis between two research assessment periods in different countries. For instance,
there has been a convergence in research quality across Italian universities between two

! There have been major structural changes between RAE2008 and REF2014. For instance, assessment
procedures were standardized across different units of assessments, and the number panels and units of
assessments (subject areas) were decreased in REF2014 compared to the RAE2008 (see e.g., Marques
et al., (2017) for a detailed discussion about the structural changes between the RAE2008 and REF2014).
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assessment periods (Abramo & D’Angelo, 2021; Checchi et al., 2020). Similarly, analyzing
the university and discipline performances in 2003 and 2012 assessments in New Zealand,
Buckle et al. (2020) also confirmed convergence in research performance across univer-
sities and disciplines (see also Buckle et al. (2022) for convergence analysis in research
quality performance across universities in New Zealand between 2003 and 2018). The
convergence in research quality across countries and regions has also been examined. For
instance, Radosevic and Yoruk (2014) demonstrated that the research production in Cen-
tral and Eastern Europe, Latin America and Asia Pacific regions caught up with the lead-
ing regions between 1981 and 2011. On the other hand, Barrios Gonzélez et al. (2021)
examined research papers published in 121 countries between 2003 and 2016 and found
that there was no absolute convergence in terms of the number of papers published across
countries, but they found that number of papers published by some countries converged
over time.

This paper aims to contribute to the literature that examined the research performances
between two research assessment periods and will make use of the last two Research
Excellence Frameworks (REF) of the United Kingdom and assess whether there was a
convergence or divergence in research quality between and within universities and disci-
plines between 2014 and 2021. The existing literature found that the research quality con-
verged across universities and disciplines in different countries (see e.g., Buckle et al.,
(2020, 2022) for the case of New Zealand, Abramo and D’Angelo (2021) and Checchi et al.
(2020) for Italian case), but a similar analysis has not been carried out for England. Fur-
thermore, the existing literature argued that there had been a significant concentration of
quality-based research funding in fewer universities in earlier assessments in England (e.g.,
Marques et al., 2017; Torrance, 2020). Therefore, we will examine whether the trend of
increased research quality (funding) concentration in fewer universities continued between
REF (2014, 2021). Finally, there has been a clear distinction between universities in Eng-
land (e.g., research-intensive, older established or modern universities), and to test whether
there had been differences in convergence (divergence) in research quality between differ-
ent types of universities, we also carried out our analysis for different samples of universi-
ties (i.e., Russell and non-Russell universities, pre-92 and post-92 universities).

The rest of the paper is organized as follows. Section Literature review provides a lit-
erature review on the convergence or divergence of research production and quality. Sec-
tion Performance-based research funding in the UK provides the details of the REF in 2014
(REF, 2014) and 2021 (REF, 2021), and how the research quality in England is evaluated
in different subject areas and universities. Section Data provides the details of the
data set used, and the convergence concept is introduced in Sect. Convergence method-
ology. Finally, Sect. Empirical analysis provides the results, and Sect. Robustness analy-
ses offers the robustness analyses with alternative measures of composite quality scores.
Finally, Sect. Conclusions concludes and provides policy recommendations.

Literature review

Even though convergence analysis is widely applied to examine the convergence in the
standard of living (see e.g., Ganong & Shoag, 2017; Lessmann & Seidel, 2017), poverty
(e.g., Crespo Cuaresma et al., 2022) and carbon emissions (e.g., Kounetas, 2018; Li &
Lin, 2013), among other areas. The convergence analysis has been recently applied to
examine the convergence in research publications across countries and convergence in
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research quality between universities within a given country based on the performance-
based research funding systems in these countries.

A set of papers examined the quantity and quality of scientific publication differences
across countries and highlighted the factors that explain the research quality and publi-
cation differences across countries.

It has been found that investment in research and development (R&D) is one of the
main factors explaining scientific production and research quality. For instance, Jurajda
et al. (2017) examined the number of articles published during 2010-2014 in journals
registered by the Web of Science (WoS) in 6 post-communist countries (i.e., Croatia,
Czech Republic, Hungary, Poland, Slovakia, Slovenia) and 6 western European coun-
tries (Austria, Belgium, Finland, the Netherlands, Portugal, Sweden) and found that the
post-communist countries lag behind west European countries in terms of their publica-
tions where they argued that the government funding differences between two group of
countries might have explained some of the existing differences. Erfanian and Ferreira
Neto (2017) showed that the researchers in R&D and R&D expenditures are positively
associated with the number of scientific publications after analyzing the number of sci-
entific and technical journal articles published in 31 countries between 2003 and 2011.
Similarly, Mueller (2016a) showed that the expenditure on R&D and real gross domestic
product (GDP) of the countries are positively associated with the number of citable doc-
uments in peer-reviewed sources between 2005 and 2014 in 80 countries. Furthermore,
Shelton (2020) examined the number of papers published in 93 countries and also dem-
onstrated that there is a positive association between the number of papers published
and gross expenditures on research and development. Xu and Reed (2021) examined
the number of papers published across 102 countries and found that internet access, the
number of researchers, and research and development investment in these countries are
positively associated with the number of papers published. Finally, Lancho-Barrantes
and Cantd-Ortiz (2019) found that there was a significant increase in the number of
scientific production (i.e., articles, conference proceedings, reviews, chapters of books,
books, etc.) in Mexico between 2007 and 2016, and found investment in research and
production was highly and positively correlated with the publication counts.

The wealth of the countries also played a significant role in explaining the number of
publications and research quality across countries. For instance, Rodriguez-Navarro and
Brito (2022) examined the ratio of the number of papers in the global top 10% of most
cited articles divided by the total number of articles in 69 countries and found that the
GDP per capita is positively correlated with this ratio. Along the same lines, Docampo
and Bessoule (2019) also showed that the wealth of countries (proxied by the GDP and
GDP per capita) is positively associated with the number of articles and reviews pub-
lished between 2006 and 2015 in 189 countries.

It has been found that international collaboration also increases the scientific produc-
tion of the countries. For instance, Nguyen et al. (2021) examined scientific production
in Vietnam between 2001 and 2015 and found that the growth of the papers published
with international collaborators was larger than the domestically published paper, and
the citations received by the papers with international collaborators were larger than
the citations received by domestically published papers. Barrios et al. (2021) found that
the number of papers published across 121 countries did not converge between 2003
and 2016; however, the number of papers published among the five groups of countries
converged over time. They found that countries with more scientific production tend to
have a larger economic size and more R&D expenditures, researchers and international
collaboration networks.
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Overall, several factors explained the scientific production differences across countries,
such as cross-country differences in human capital (i.e., researchers), wealth, research and
development investments and international collaboration levels. Therefore, convergence
and divergence in scientific production across countries could be attributed to the differ-
ences in these factors.

Beyond the cross-country analysis of scientific production differences, a set of papers
also examined the research quality (production) differences between universities based on
the PBRFS in different countries. For instance, Abramo and D’Angelo (2021) analyzed the
research performance of universities before and after the introduction of PBRFS in Italy. In
their paper, Abramo and D’Angelo (2021) evaluated the bibliometric performance of uni-
versities (i.e., the total number of citations divided by the researchers) over the 2007-2011
period (which was the period before the start of the first assessment period in Italy), and
the 2013-2017 period (during the initial evaluation period), and they found that the south-
ern universities (i.e., relatively poor performing universities before the assessment period)
improved their research quality between 2007-2011 and 2013-2017 more than the central
and northern universities (i.e., relatively better-performing universities before the assess-
ment period). Their paper highlighted that the performance-based funding (i.e., financial
incentive) served as a carrot for the southern universities to improve their research per-
formance after the introduction of the PBRFS in Italy. On the other hand, Checchi et al.
(2020) examined the research quality convergence across Italian universities between two
research assessments. They found that the universities that had performed relatively weaker
in the first assessment exercise experienced higher growth in their performance between
the two assessments, and there was a convergence in research quality across Italian uni-
versities between the two assessment periods. In their paper, they demonstrated that the
convergence in research quality between the two periods was due to the relatively better
performance of researchers that participated in both assessments and the promotion and
hiring strategies of the universities that had performed worse in the first assessment period.
In particular, they highlighted that researchers who were hired and promoted by the rela-
tively weaker universities performed exceptionally well and contributed the most to the
convergence of research quality between the two assessment periods.

There has also been an investigation of the research performance of the universities in
New between research assessment periods based on the PBRFS. Buckle et al. (2020) found
that there has been an absolute convergence in research quality performance across univer-
sities between the 2003 and 2012 assessment periods. They support their finding by point-
ing out that universities that performed relatively weaker in the 2003 assessment may have
hired new staff with a proven record of high-quality publications and transformed their
existing staff. On the other hand, Buckle et al. (2022) examined the convergence in research
quality across universities between three research assessments in New Zealand, which took
place in 2003, 2012, and 2018, and they found that there was also a significant convergence
across universities between 2012 and 2018 assessments. Buckle et al. (2022) also examined
the role of separate contributions to the convergence process of staff turnover (i.e., exists of
the low-quality researchers and entrants of the high-performing staff members) and quality
transformations of existing staff members and found that the exits of the low-performing
staff member and transformation of the existing staff members contributed more to the con-
vergence in research quality across universities.

Overall, the existing studies that examined the convergence in research quality across
universities in Italy and New Zealand found that there has been a significant convergence
in research quality across universities based on the PBRFS. These papers argued that the
monetary incentives of the performances, strategic investments by the low-performing
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universities, and strategic hiring and promotion by these universities allowed them to
catch up with high-performing universities in terms of research quality between assess-
ment periods. In other words, in the context of the research assessment, poor performers in
the previous assessment could make strategic promotions and hire experienced researchers
with a good track record of publications or make research investments (e.g., employment
of research office staff helping with the impact case studies, purchase of a better set of
technologies allowing the research team to carry out high-quality research, and so on). Fur-
thermore, the concept of “diminishing marginal returns” in research quality is also likely
to be observed. For example, a given amount of physical investment to the institutes with
high-quality performance could only marginally improve their performance. However, a
similar amount of investment to the low-performing institute would lead to a more consid-
erable increase in their performance. Furthermore, the academic job market is increasingly
becoming more competitive due to the current economic conditions and increased num-
bers of Ph.D. graduates (Passaretta et al., 2019; Hancock, 2020; Hnatkova et al., 2022).
Therefore, institutes and departments that initially perform worse may attract good Ph.D.
graduates who will likely improve their research quality. As the number of Ph.D. comple-
tions are submitted as part of the research environment submission of the units to the REF,
Pinar and Unlu (2020b) showed that the postgraduate completion numbers were positively
associated with the environment performances in most of the units of assessments in REF
(2014).

This paper aims to contribute to this stream of literature by examining the research qual-
ity performances of universities and disciplines between two REF assessments in 2014 and
2021. Based on the strategic decisions of the universities (i.e., hiring, research and devel-
opment investment levels, and so on), the performance of the universities in England may
converge or diverge, and this paper aims to evaluate this. In the next section, we provide
the details of the two recent research assessment exercises in the UK.

Performance-based research funding in the UK

Higher education is provided through colleges, university colleges and universities in
the United Kingdom (UK), and there has been a significant expansion of higher educa-
tion in the UK over the last decades (see e.g., Universities UK, 2018). While there has
been increased participation in UK higher education over the last decades, recent reforms
to increase tuition and fees and removing the student number cap (see e.g., Hillman (2016)
for a detailed discussion on recent reforms) lowered the participation in low-income groups
(Callender & Mason, 2017) and students from low-income backgrounds and state schools
were found to be less likely to attend so-called prestigious Russell group universities (Boli-
ver, 2013). The increased marketization of higher education in the UK led to an assessment
of the teaching quality in higher education providers, known as the Teaching Excellence
Framework (TEF), to assess the excellence of the teaching quality and provide quality
assurance to the students (Gunn, 2018) and increase employability levels of the graduate
students (Matthews & Kotzee, 2021).

While the assessment of the teaching quality of the higher education providers in the
UK is a recent phenomenon, the research exercises have been a long tradition in the UK
and were carried out first time in 1986 (see Shattock, 2012 for the details of the previous
research assessments in the UK). The latest two research assessments in England are called
the research excellence framework (REF) and were carried out in 2014 and 2021 (REEF,
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2014, 2021, respectively), respectively, and were undertaken by the four UK higher educa-
tion funding bodies: Research England, the Scottish Funding Council, the Higher Educa-
tion Funding Council for Wales, and the Department for the Economy, Northern Ireland.

The REF is a peer-reviewed research assessment procedure, and the universities were
invited to submit submissions in different subject areas, known as units of assessment
(UOAs). The requirements changed between REF (2014) and REF (2021); however, the
assessment criteria mostly remained the same (see REF (2012) and REF (2019a) for the
details of the requirements and assessment criteria of REF (2014, 2021, respectively).
Both REF exercises consisted of three research categories (i.e., environment, outputs, and
impact), and the submissions were evaluated in these three categories. The research envi-
ronment of the units was evaluated based on the research environment template submitted
by the units, which described the research environment of the unit and research environ-
ment data (i.e., data about research doctoral degrees awarded and research income gen-
erated by the unit during the assessment period). The research environment is evaluated
based on its ‘vitality and sustainability’, and its contribution to the broader discipline or
research base. The units were also required to submit research outputs (i.e., books, jour-
nal articles, book chapters, etc.) for evaluation, and these research outputs were evaluated
based on their quality. Finally, each unit had to submit an impact template and impact case
studies. The impact template provides the submitted unit’s approach to enabling impact
from its research, and impact case studies were evaluated based on the ‘reach and signifi-
cance’ of their impacts on the economy, society and/or culture that were underpinned by
excellent research conducted in the submitted unit.

Each unit’s research environment, output and impact submissions were evaluated based
on the five-scale star-rating system: four-star (i.e., world-leading quality), three-star (i.e.,
internationally excellent quality), two-star (i.e., a quality that is internationally recognized),
one-star (i.e., a quality that is recognized nationally), and unclassified (i.e., falls below any
other quality levels). The overall quality of the submitting units was then calculated based
on the weight attached to each element. The weights attached to the research environment,
output and impact in REF (2014) were 15%, 65% and 20%, respectively. However, the
weight given to the impact element increased from 20 to 25%, the weight given to the out-
put element decreased from 65 to 60%, and the environment element was given the same
weight in the REF (2021). Finally, based on these results, universities are allocated quality-
based research funding (see e.g., Research England (2022) for the formula used to allocate
funding across universities based on the REF results).

It should be noted that there were significant differences distinguishing REF (2014)
from REF (2021). Firstly, submitting units were required to return all their academic staff
that had significant responsibility for research in REF (2021). However, in the REF (2014),
submitting units were able to choose the staff members to be returned. Secondly, the sub-
mission requirements of the research outputs were also changed. Up to four research out-
puts by each member of the submitted staff were required in the REF (2014). However,
the submission of the research outputs was universal for the unit and flexible in the REF
(2021). The total number of outputs to be submitted to the REF (2021) was required to
be equal to 2.5 times the full-time equivalent (FTE) staff returned by the unit. The unit
was required to submit a minimum of one output attributed to each staff member returned
and no more than five attributed to any staff member. Furthermore, institutions were able
to return the outputs of staff that were previously employed, and these outputs were made
publicly available during their employment. Thirdly, new measures have been introduced
to ensure equality and diversity in research careers, and the submission and assessment
of interdisciplinary research were supported in REF (2021) compared to REF (2014).
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Fourthly, institutions were also required to submit an institutional-level environment state-
ment in REF (2021), and unit-level environment templates were changed in REF (2021)
to reflect the inclusion of the institutional-level environment statement. Fifthly, the impor-
tance given to the three elements (i.e., impact, environment and output) was revised (see
above for the details). Finally, there was greater consistency in the assessment process
in REF (2021) compared to REF (2014). We provided a brief discussion of the changes
between REF (2014) and REF (2021); however, the key changes between REF (2014) and
REF (2014) are provided in the paragraph in REF (2019b).

Data

The results of the REF (2014) and REF (2021) are obtained from the REF (2014) and REF
(2021), respectively. The quality profile for each submission in each research element (i.e.,
environment, impact and output) is presented as the proportion of the submission judged to
meet the quality for each of the starred levels (i.e., 4-star, 3-star, 2-star, 1-star and unclassi-
fied). For instance, a submitting unit may have the following profile for their research out-
puts: 23% (4-star), 30% (3-star), 40% (2-star), 7% (1-star), and 0% (unclassified). This clas-
sification suggests that 23%, 30%, 40% and 7% of this submitting unit’s research outputs
were evaluated as 4-, 3-, 2- and 1-starred quality levels, respectively. The quality profiles of
the environment and impact categories are presented in a similar manner. Finally, the per-
centage of the overall quality that falls into different starred levels is also obtained with the
weights attached to three categories. These results are presented for each submitting unit
from various universities.

To compare average achievement scores of different subject areas (i.e., units of assess-
ment) and universities, we first obtain average achievement scores of the submitting units
in each category by using the grade point average (GPA) as follows:

%4 X4+ %3% X3+ %2F X2+ %1% x1+%U* x0
ijt ijt ijt ijt ijt
100

GPA[, = (1
where GPA; is the grade point average of the submitting unit in a given research category
C that is submitted to the ith unit of assessment by the jth university in a given assessment
period (i.e., t=2014 and 2021). C is the research category evaluated (i.e., research envi-
ronment, impact and output). %4;, %32;[, %2;1, %1;1, and %Ui*'t are percentages of research
classified as 4-star, 3-star, 2-star, 1-star and unclassified by the submitting unit in a given
research category.’

Each university submitted different numbers of units to the (REF, 2014, 2021), and 120
English higher education institutes (HEIs) made submissions to both assessments, and the
list of the English universities that had submissions to the REF (2014) and/or REF (2021)
is provided in the Supplementary Material Table Al. The average GPA scores achieved by
a given university j in a given assessment period ¢ in each category C are obtained by the

2 1t should be noted that the results for the submitting units with a size of 3 FTE or less are not provided.
Therefore, these submitting units were not used in the calculation of the overall achievement scores of the
universities and disciplines. 14 and 6 units had a size of 3 FTE or less in REF2014 and REF2021, respec-
tively, and their exclusion from the calculation of the overall scores would not have major implications.
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full-time equivalent (FTE) weighted arithmetic mean of GPA values of the units of assess-
ment (UOAs) submitted by university j in different units (i) as follows:

x GPAC

i=n
zizl FTEUI ijt

GPAS =
Jt

i=n (2)
S FTE,,

i=1

Similarly, one could obtain the average GPA scores of different subject areas in REF
(2014, 2021) to examine progress in different subjects. REF (2014, 2021) consisted of 36
and 34 units of assessment (UOAs), different fields or subject areas, respectively. There
were minor changes in the UOAs in REF (2021). Firstly, the engineering field had four
distinctive UOAs in REF (2014): (i) Aeronautical, Mechanical, Chemical and Manufac-
turing Engineering; (ii) Electrical and Electronic Engineering, Metallurgy and Materials;
(iii) Civil and Construction Engineering; and (iv) General Engineering. However, submis-
sion to the REF (2021) consisted of only one general engineering subject area. Secondly,
the Geography, Environmental Studies and Archaeology unit in REF (2014) was divided
into two units in REF (2021): Geography and Environmental Studies; and Archaeology.
Whereas the rest of the categories of the UOAs were the same in both assessments. There-
fore, to assess the convergence in research quality across different fields, we collated the
performances in 4 engineering categories in REF (2014) to compare it with the general
engineering field in REF (2021). Similarly, two units in REF (2021) (i.e., Geography and
Environmental Studies, and Archaeology) are combined to compare it with the Geography,
Environmental Studies and Archaeology unit in REF (2014). The list of the UOAs in REF
(2014, 2021) is listed in Supplementary Material Table A2. In summary, we have 33 disci-
plines to compare achievements and convergence between REF (2014, 2021). To do so, we
also obtained the average GPA scores in each research category of a given field i at a given
assessment period of t by the full-time equivalent (FTE) weighted arithmetic mean of GPA
values of HEIs that submitted to UOA i as follows:
;z'ln FTE;,

j=m
/7 FTE;

x GPAS
ijt

GPA[, = 3)

In other words, GPAlf is the GPA of a given ith UOA in each research category (research
environment, output and impact) at a given REF period and obtained by the weighted aver-
age of the GPAs of the universities that made submissions to the ith UOA.

Table 1 reports the GPA scores obtained by 120 universities in the REF (2014) and
2021), and the growth in GPA scores between REF (2014) and (2021) in different research
categories: (i) Environment (E), (ii) Impact (I), and (iii) Output (O). Overall, most uni-
versities experienced positive performance improvements in different categories between
the two assessment periods. Among 120 HEIs, 94, 87, and 112 institutes improved their
environment, impact and output quality between REF (2014) and (2021), respectively. On
the other hand, 23, 33, and 8 universities experienced a deterioration in their environment,
impact and output quality between REF (2014) and (2021), respectively. Finally, 3 insti-
tutes had the same GPA in the environment element in REF, 2014 and REF, 2021.

Table 2 provides the quality of research across 33 UOAs (disciplines) in REF,
2014 and REF, 2021. Firstly, research environment quality in 7 (26) fields decreased
(increased) between the two assessment periods. While research environment quality
in Law decreased by 6.7%, the research environment quality increased by 10.3% in the
Economics and Econometrics field. Secondly, except for three fields (i.e., (i) Psychology,
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Psychiatry and Neuroscience, (ii) Allied Health Professions, Dentistry, Nursing and
Pharmacy, (iii) Clinical Medicine), impact quality also increased in all other fields, and
the impact quality in Mathematical Sciences increased by 11.6%. Finally, the output
quality increased in all the fields. The output quality in Area Studies increased the most
by 16.39%, and the increase in output quality was more than ten percent in 10 fields.

Overall, most of the universities and disciplines experienced an improvement in
their research quality in different research categories, and we will examine whether the
changes in research quality between the two periods resulted in convergence or diver-
gence between and within universities and disciplines in the following sections.

Convergence methodology

To examine the convergence or divergence of the research performance across universi-
ties and different disciplines between REF (2014) and (2021), we use the -convergence
analysis (see e.g., Barro & Sala-i-Martin, 1991; Mankiw et al., 1992; Quah, 1993 for
the technical details). The f-convergence analysis is widely used in the field of eco-
nomics to examine income per capita convergence across countries and is based on the
Solow growth model (Solow, 1956). The f-convergence concept argues that poor coun-
tries grow faster than rich ones to catch up with them. The Solow growth model predicts
that poor countries will grow faster than rich ones because of the diminishing marginal
returns of the capital. In other words, the same amount of capital investment per worker
will have a higher return in poorer countries than the rich ones. The convergence in
research quality between universities and different subject areas is examined in a simi-
lar way by using the p-convergence concept based on the REF, 2014 and REF, 2021
performances.
To test the convergence of research performance in different research categories
across institutes and disciplines, we use the following specifications:
log GPA{, —log GPA{, | = a + flog GPAT,_ +¢;, @)

Jit—1

log GPAS, — 1og GPA, | = a + flog GPAS,_| +¢,, 5)

it—1

where a is the constant term, and ¢;, and ¢;, is the normally distributed error terms. (3)
and (4) are used to examine the convergence between universities and disciplines in dif-
ferent research categories (i.e., environment, impact and output), respectively. Along the
same lines, we will also analyze the convergence of universities in each discipline by using
Egs. (3) and use (4) to examine whether disciplines within a university also converge.
Overall, when g > 0, this would suggest that the universities (disciplines) that per-
formed better in REF, 2014 also experienced higher growth in their performance between
REF (2014) and (2021), suggesting that there was a divergence across universities (dis-
ciplines). On the other hand, f < 0 suggests that universities (disciplines) that performed
poorly in REF, 2014 experienced higher growth in their performance and therefore, there
was a convergence across universities (disciplines). On the other hand, f = —1 reflects full
convergence. Hence, the closer the estimated f coefficients to — 1, the faster is the con-
vergence between two assessment periods (i.e., REF, 2014 and REF, 2021). Finally, an
insignificant § coefficient or f# = 0 would suggest no significant convergence or divergence.

@ Springer



5748 Scientometrics (2023) 128:5731-5766

Table 3 Convergence between
1 2 3
universities in different research ) . ) ©)
categories Environment Impact Output
Envi — *
logGPAZ(;\;/lmnmem 0.225%*
(0.0450)
Impact — sk sk sk
logGPA ™ 0.410
(0.0830)
Output — sfeoksk
logGPAQ(';]fu 0.338
(0.0679)
Constant 0.293%%% 0.485%%%* 0.435%%%
(0.0510) (0.0917) (0.0698)
Observations 120 120 120
R-square 0.241 0.401 0.299

Robust standard errors in parentheses

Dependent variable is the growth of the environment, impact and
output GPA between two assessment periods in columns 1, 2, and 3,
respectively

##k #% and * Represent significance level at the 1%, 5% and 10%,
respectively

Empirical analysis

We first start examining the convergence among the universities between two assessment
periods in different research quality categories (i.e., environment, impact, output). Table 3
presents the findings. Our findings highlight a strong and significant convergence between
universities between two assessment periods in all research categories. In other words,
there was an absolute convergence across universities in all research elements. On the other
hand, we found that the negative coefficient on impact quality in 2014 was relatively higher
than those of coefficients on environment and output quality scores in 2014. In other words,
there has been a stronger convergence in impact quality compared to convergence in other
research elements. The impact category has been integrated as part of the research assess-
ments in REF, 2014; however, both the research environment and outputs were evaluated in
the previous assessments before REF, 2014. For instance, Pinar and Unlu (2020a) showed
that the inclusion of the impact element to the REF, 2014 increased the research quality
inequality between universities as most academics were not familiar with the impact ele-
ment in REF, 2014 and had limited public engagement activities such as presentation of
their work through social media, taking part in public dialogue, presenting in public exhi-
bitions, making public performances, working with schools/teachers, engaging with the
policymakers, and so on (Chikoore et al., 2016; Manville et al., 2015). However, research-
ers were more familiar with the impact element in the REF, 2021; therefore, there has been
a faster convergence in this element.

One of the factors that could have played a role in the absolute convergence in output
quality across universities between the two assessment periods may be the changes in the
output submission rules between REF (2014) and REF (2021). The submitting units were
required to return up to 4 outputs for each member of staff returned in REF (2014) (unless
there was a reduction in outputs for specific reasons such as maternity/paternity leave, etc.).
However, submission of the outputs in the REF (2021) was universal for the submitting
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unit. The units could submit the output of the previous employees and could submit at least
a minimum of one output attributed to each staff member and no more than five attributed
to any staff member. Therefore, units were more flexible in choosing the strongest set of
outputs produced by the units. For example, the strongest outputs of the previous employ-
ees could have returned, and up to 5 outputs of a given set of staff members were allowed
to be returned if all of their outputs were considered to be strong. Therefore, REF, 2021
had more flexibility to choose the strongest outputs produced by the unit, and therefore,
this flexibility could have allowed universities with worse output quality in REF, 2014 to
catch up with the universities with better output quality in REF (2021).

There have been distinctive differences among universities in England. The Russell
Group of universities is arguably considered to be more established research-intensive uni-
versities, and post-92 universities are considered to be modern universities, and they are
not established as older institutes that became universities pre-92. For instance, De Fraja
et al. (2016) highlighted that the quality of the research produced by the Russell Group
universities was higher compared to non-Russell universities in REF (2014). Similarly,
Taylor (2011), Thorpe et al. (2018), and Pinar and Unlu (2020b) demonstrated that the
Russell Group universities obtained relatively higher scores in the research environment
after accounting for various quantitative metrics, suggesting that Russell group universities
obtained relatively higher scores compared to non-Russell group universities with similar
quantitative achievements. On the other hand, some of the universities are more established
and have a long tradition, while some other universities are known as ‘new’ or ‘modern’
universities. These modern universities (i.e., post-92 universities) are evaluated differ-
ently in assessing research quality by the existing literature (see e.g., Hewitt-Dundas, 2012;
Guerrero et al., 2015). Therefore, we evaluate the convergence between universities using
four samples of the universities: Russell and non-Russell group of universities and pre-92
and post-92 universities.®> While all the Russell Group universities were established before
1992, 29 additional universities were also awarded university status before 1992. In other
words, the pre-92 sample of universities covers 59 institutions.

Table 4 provides the results when we carry out the convergence analysis for the Russell
and non-Russell groups of universities. The findings suggest that there is significant abso-
lute convergence in all categories of research for both Russell and non-Russell groups of
universities. The convergence is faster in the non-Russell group of universities in research
environment and output compared to the Russell Group of universities. In other words, the
size of the negative coefficient on initial environment and output GPA levels was relatively
larger for non-Russell group universities than the ones for Russell Group universities. On
the other hand, absolute convergence in impact quality in the Russell Group universities
is relatively faster compared to the non-Russell group universities (i.e., # coefficient for
Russell group universities is closer to — 1). We also carry out the convergence analysis
when we separate our sample into two groups: pre-92 and post-92 universities, and the
results are offered in Table 5. The findings highlight an absolute convergence in research
quality between universities when pre- and post-92 universities are considered separately.

3 The Russell group of universities in England are Imperial College London, King’s College London, Lon-
don School of Economics and Political Science, Newcastle University, Queen Mary University of London,
University College London, University of Birmingham, University of Bristol, University of Cambridge,
University of Durham, University of Exeter, University of Leeds, University of Liverpool, University of
Manchester, University of Nottingham, University of Oxford, University of Sheffield, University of South-
ampton, University of Warwick, and University of York. Pre-92 and post-92 universities are universities
that obtained university status before and after 1992, respectively.

@ Springer



5750 Scientometrics (2023) 128:5731-5766

Table 4 Convergence between universities in different research categories for Russell and non-Russell
group universities

Environment Impact Output
1 2 3) @ (5) ©)
Russell No Russell Russell No Russell Russell No Russell

Envi — —
10gGPA28ﬁmnmem 0.218%* 0.246%**
(0.0991) (0.0511)

Impact _ sk _ seksk
lOgGPAZOM 0.537 0.445
(0.128) (0.0862)
Output _ Rk _ TS
10ngA2(‘)-‘1§“ 0.375 0.405
(0.124) (0.0741)
logGPAggrlrnvnment
Constant 0.307** 0.307%*%* 0.695%%#%* 0.509%%*%* 0.510%%*%* 0.491%%#%*
(0.127) (0.0543) (0.157) (0.0922) (0.136) (0.0736)
Observations 20 100 20 100 20 100
R-square 0.235 0.233 0.421 0.422 0.341 0.340

Robust standard errors in parentheses

Dependent variable is the growth of the environment, impact and output GPA between two assessment peri-
ods in columns 1-2, 34, and 5-6, respectively

##k % and *Represent significance level at the 1%, 5% and 10%, respectively

Table 5 Convergence between universities in different research categories for pre- and post-92 universities

Environment Impact Output

M ) (3) C)] ) ©)

Pre-92 Post-92 Pre-92 Post-92 Pre-92 Post-92
lOgGPAIZESI/ironmenl — (0.222%%* — (0.322#%%

(0.0899) (0.0752)
logGPAP —0292  —0.480%**

(0.322) (0.102)
logGPASS ™ —0.348% - 0.582%%x
(0.175) (0.0850)

Constant 0.304 %% 0.35] #** 0.357 0.533%:%:* 0.464%%* 0.634%#:%*

(0.114) (0.0683) (0.386) (0.102) (0.190) (0.0799)
Observations 59 61 59 61 59 61
R-square 0.140 0.253 0.051 0.469 0.203 0.456

Robust standard errors in parentheses

Dependent variable is the growth of the environment, impact and output GPA between two assessment peri-
ods in columns 1-2, 34, and 5-6, respectively

#x% %% and *Represent significance level at the 1%, 5% and 10%, respectively
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However, the convergence between post-92 universities was relatively faster than the pre-
92 universities in all categories of research as the negative coefficients on the initial GPA
levels in all research categories were higher for post-92 universities. In other words, the
convergence between relatively ‘new’ universities is relatively faster between REF (2014)
and REF (2021). The convergence speed between relatively older universities may be lower
as some universities had been participating in earlier research assessments, and the con-
vergence between these universities may have taken place in earlier periods. Furthermore,
newer institutions may feature a more ‘applied research’ focus and greater investment in
co-designed/co-produced research, which may be beneficial to impact generation. There-
fore, newer institutions (i.e., post-92 universities) may have experienced a faster conver-
gence in impact quality between two assessment periods. Overall, our findings highlight
that irrespective of the sample choice of the universities, there was an absolute conver-
gence between universities between the last two research exercises.

We further examine whether there has been a convergence between universities in each
discipline and found that with few exceptions, there was an absolute convergence between
universities in each discipline (i.e., UOA) in different research categories, and the results
are presented in Table 6.* There is an absolute convergence in research environment qual-
ity between universities in 29 subject areas (UOAs) out of 33 fields. However, there was
no significant convergence in research environment quality between universities in four
UOAs: UOA2: Public Health, Health Services and Primary Care; UOAS: Biological Sci-
ences; UOA10: Mathematical Sciences; UOA20: Sociology. Similarly, except for the four
UOAs (i.e., UOAL: Clinical Medicine, UOA21: Anthropology and Development Studies,
UOAZ28: Classics, UOA30: Theology and Religious Studies), there was an absolute con-
vergence in impact quality between universities in 29 UOAs. Finally, we also found an
absolute convergence in output quality between universities in 28 UOAs except for five
UOAs (i.e., UOAS: Biological Sciences, UOAS: Chemistry, UOA20: Sociology, UOA28:
Classics, and UOA29: Philosophy). The convergence between universities was the fast-
est in environment research quality in two subject areas (i.e., UOA21: Anthropology and
Development Studies, and UOA28: Classics) and output quality in four subject areas (i.e.,
UOATL: Clinical Medicine, UOA23: Sport and Exercise Sciences, Leisure and Tourism,
UOAZ24: Area Studies, and UOA30: Theology and Religious Studies). Finally, the conver-
gence in research quality between universities was the fastest in impact quality in 26 sub-
ject areas. The finding suggests that the universities with low impact quality in REF, 2014
were able to evidence the societal and economic impact of their research better in REF,
2021 and experienced relatively faster convergence.

We also carried out our analysis to examine whether there has been a convergence in
research quality between 33 subject areas, and the results are presented in Table 7. In line
with the findings of the convergence analysis between universities, we also found that the
convergence in impact quality between subject areas is relatively faster compared to the
convergence in research environment quality. On the other hand, even though the coeffi-
cient on the initial output quality is negative, we found no significant convergence in output
quality between different subject areas between the two assessment periods.

Finally, we examine whether there has been a convergence in research quality between
UOAs in a given university. The universities may have decided to allocate more resources

4 Some universities submitted multiple submissions into a given UOA (subject area). We combine these
multiple submissions into one submission by using FTE-weighted GPA levels of these multiple submis-
sions to obtain a single quality score for each university in a given UOA (subject area).
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Tab!e 7 Conv.ergc.ence between ) @) 3)
subject areas in different research .
categories Environment Impact Output
logGPAIZE(;\;/ironmenl — (0.243%*
(0.102)
Impact — kksk
logGPA 0431
(0.0826)
Output —
logGPAS ™ 0.158
(0.0939)
Constant 0.316%* 0.544%%% 0.263%*
(0.120) (0.0954) (0.1000)
Obsersssvations 33 33 33
R-square 0.109 0.433 0.062

Robust standard errors in parentheses

Dependent variable is the growth of the environment, impact and
output GPA between two assessment periods in columns 1, 2, and 3,
respectively

#Hk % and *Represent significance level at the 1%, 5% and 10%,
respectively

between two assessment periods to the subject areas that performed weakly in the REF,
2014 to improve the overall university performance. Furthermore, based on the absolute
convergence theory, the same amount of investment in areas with relatively weaker initial
performance has a higher return than those with stronger initial performance. Therefore,
we conducted our analysis to examine whether there was an absolute convergence across
different subject areas in a given university. The results are presented in Table 8§ for 40 uni-
versities that submitted at least 14 discipline areas to REF, 2014 and REF, 2021.5 With few
exceptions, we found an absolute convergence in environment, impact and output quality
across different disciplines in a given university. In all categories of research (i.e., envi-
ronment, impact and output), there has been an absolute convergence between disciplines
in 32 universities. On the other hand, there was no significant convergence in either cat-
egory of research quality across different disciplines at Liverpool John Moores University.
Furthermore, there was no significant convergence across disciplines in the research envi-
ronment in 5 additional universities (i.e., University of Bristol, University of East Anglia,
University of Durham, Birkbeck College, and University of Essex) and impact quality in 2
additional universities (i.e., Keele University and University of Hull). On the other hand,
except for Liverpool John Moores University, the impact quality across disciplines in 39
universities converged between two assessment periods. Finally, the convergence across
disciplines was fastest in the environment, impact and output categories in 5, 27 and 7
universities, respectively. Overall, with few exceptions, we found a convergence in research
quality across subject areas in universities.

3 If a university had more than one submission in a given subject area (UOA), we obtained FTE-weighted
GPA levels in different research categories to have a single university performance score in a given subject
area.
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Table 9 Convergence in

mainstream QR funding between ~ 108QRfUNdingz0, 59, — 0.0865%*
universities (0.0200)
Constant 1.616%%*
(0.317)
Observations 119
R-square 0.156

Robust standard errors in parentheses

Dependent variable is the growth of the mainstream QR funding
between 2021-2022 and 2022-2023 funding periods

#Hk % and *Represent significance level at the 1%, 5% and 10%,
respectively

Overall, our findings highlight that there has been a convergence between REF (2014)
and (2021) across English universities. This is also reflected in the mainstream quality-
related research (QR) funding allocations in the 2021-2022 and 2022-2023 periods, where
the former funding period used the REF, 2014 results for allocating funds, and the latter
funding period was based on the REF, 2021 results (see Research England (2022) for the
details of the funding allocation).

The University of Oxford, University College London, University of Cambridge, and
Imperial College London obtained the highest QR funding in the 2021-2022 funding
period, accounting for 27.13% of the total mainstream QR funding distributed.® However,
all these universities experienced a decline in their share in the total mainstream QR fund-
ing allocation in the 2022-2023 period, and their total share in the mainstream QR fund-
ing declined to 23.99% of the total mainstream QR funding. On the other hand, some of
the so-called ‘modern’ universities, such as the University of Northumbria and Manches-
ter Metropolitan University, experienced major increases in their mainstream QR funding
between 2021-2022 and 2022-2023. Mainstream QR funding allocated to the University
of Northumbria and Manchester Metropolitan University increased roughly by £10.4 mil-
lion and £5.7 million, and their share in the total mainstream QR funding also increased by
0.74% and 0.38%, respectively. To test whether there has been an absolute convergence in
the QR funding received by the universities, we also carried out a convergence analysis. The
dependent variable is the growth in the mainstream QR funding between the 2021-2022
and 2022-2023 periods (i.e., the difference between the logarithm of the QR funding in
2022-2023 and 2021-2022 periods), and the independent variable is the logarithm of the
initial funding allocation (i.e., the logarithm of the mainstream QR funding in 2021-2022
period), and Table 9 presents the results. The coefficient on the logarithm of the mainstream
QR funding in 2021-2022 is negative and significant, highlighting an absolute convergence
in the mainstream QR funding. Therefore, the convergence in the research quality between
the universities is also reflected in the convergence in QR funding.

It should be noted that the mainstream quality-related research (QR) funding is distrib-
uted based on the four-stage formula of Research England (see pages 11 and 16 of Research
England (2022) for the detailed stages used by Research England to allocate QR funding to

® The mainstream QR funding allocation data can be obtained here: https://www.ukri.org/what-we-offer/
what-we-have-funded/research-england/. We used the mainstream QR funding allocations to the institutes
in the 2021-2022 and 2022-2023 periods without considering the London weighting on mainstream QR.
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higher education providers). In the first stage, 60%, 25% and 15% of the QR funding are allo-
cated to the output, impact and environment pots, respectively. In the second stage, each pot’s
funding is distributed to each main panel subject based on the proportion of funding allocated
to each panel in 2021-2022. Finally, in stages 3 and 4, the total funding in each pain panel
is distributed, firstly between its constituent UOAs, and finally between universities, respec-
tively. The QR funding is allocated to the universities proportional to their volume of activity
reaching the 3* and 4* quality levels in the REF, multiplied by quality and cost weights. For
instance, some subjects are allocated 60% more funding than others (i.e., high-cost labora-
tory and clinical subjects versus low-cost subjects), which is determined by the cost weights.
Quality weights allocated to 3* and 4* research activities were 1 and 4, respectively. There-
fore, the funding allocated for the 4* research quality was four times more than those allo-
cated to the 3* research activity, and no funding is provided to the research activities that did
not reach the 3* research quality. Finally, universities in inner and outer London are allocated
12 and 8 percent more QR funding than those outside London. Therefore, there is no straight-
forward relationship between GPA scores and QR funding obtained by universities. However,
there is a close correlation between GPA scores and mainstream QR funding.’

Robustness analyses

The existing studies obtained the average research quality of the universities by the
weighted arithmetic mean of quality scores of different research activities and research-
ers (see e.g., Buckle et al., 2020, 2022; Pinar and Unlu, 2022). The baseline analyses of
this paper rely on the average quality scores of universities (subjects) based on the interval
quality scores used. An interval level measure means that each 1-point difference is equiv-
alent to every l-point difference throughout the scale. In the English system, lengths in
feet can be compared because the constituent units of feet (inches) are additive. The GPA
in the REF is an aggregation of categorical ratings (i.e., 4-star, 3-star, 2-star, 1-star, and
unclassified). Furthermore, the GPA is derived by a linear combination of classification as
described in Eq. 1 of the paper. It should be noted that the weights in this formula (4, 3, 2,
1, 0) are at the ordinal level. However, there is no consensus that the difference between
“world-leading research” (4-star research activity) and “internationally excellent” (3-star
research activity) is the same as the difference between “internationally recognized” (2-star
activity) and “nationally recognized” (1-star research activity). Therefore, we conduct a
robustness analysis in this section to examine whether alternative construction of average
quality scores of universities (subjects) alters or confirms the baseline findings.

Research England relies on the REF results to distribute QR funding, which relies on
quality, cost, and London weights (see previous section for details). For instance, QR fund-
ing allocated by Research England is based on quality weights. In particular, the qual-
ity weights given to 4-star and 3-star research activities are 4 and 1, respectively, and
the 2-star, 1-star, and unclassified research activities were given zero weights. In other
words, Research England places significantly more importance (weight) on 4-star and
3-star research activities. Hence, we obtained GPAs for universities and subjects with
alternative weight allocation across different starred scores in research activities to test

7 We regressed the mainstream QR funding received by universities in the 2022-2023 period on the overall
GPA scores of universities in REF2021 (both in logs), and found that 65% of the variation in QR funding in
the 20222023 period is explained by the variation in GPA scores, and 1% increase in GPA would lead to
8.99% increase in QR funding. The results are available upon request.
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the convergence across universities and subjects. GPA, is obtained by allocating 4 and 1
weights to the 4-star and 3-star research activities, and zero weights to the rest of the qual-
ity categories, and GPA, obtained by allocating 4, 2 and 1 weights to the 4-star, 3-star
and 2-star research activities, and zero weights to the rest of the quality categories. Fur-
thermore, we also obtained the percentage of research activity that is evaluated as 4-star
and 3-star by the universities and subject areas as an additional quality measure. Finally,
we also obtained quality-weighted volume, which Research England uses to distribute QR
funding across subjects and universities. Quality-weighted volume is obtained by the mul-
tiplication of the GPA, and the size of the universities (i.e., FTE returned by the universi-
ties). Finally, we also tested the convergence in the size of the universities and subject areas
to examine whether there has been a convergence or divergence in submission sizes of
universities and subject areas between the two assessment periods.

We repeat the same exercise in Table 3 but use different composite quality scores in this
case. Table 10 represents the convergence in the environment, impact and output catego-
ries across universities when we use different quality measures. The results are presented
in columns (1)-(3), (4)—(6), (7)=(9), and (10)—(12) when we use GPA,;, GPA,, percentage
of 4-star and 3-star activities, and quality-weighted volume as alternative research qual-
ity, respectively. The dependent variable is the growth in alternative quality measures, and
finally, in column 13 of Table 10, we use the growth in the size of the submissions (FTE)
between two periods. On the other hand, the independent variable is the initial achievement
scores in 2014 based on alternative quality scores between columns (1)-(12), and the initial
submission size in 2014 in column (13). Overall, we found that irrespective of the quality
measures used, we found that there has been a significant convergence in research quality
in different research categories across universities. One finding that is worth noting is that
the coefficient of the initial quality scores in REF, 2014 shows variation. For instance, the
size of the negative coefficient is relatively larger in the environment category when GPA,
is used as a quality measure. On the other hand, the size of the negative coefficient is rela-
tively larger in impact category when GPA, is used as a quality measure. Finally, the size
of the negative coefficient is relatively larger in the output category when the percentage
of 4-star and 3-star research quality and the quality-weighted volume measures are used.
Therefore, the speed of convergence across universities is faster in different research cat-
egories depending on the quality measures used. Finally, we also found that there has been
a significant convergence in submission sizes across universities between two assessment
periods (column 13 of Table 10). In other words, the universities that had smaller submis-
sion sizes in REF, 2014 experienced a higher growth in their submission sizes between
the two assessment periods. The changes in the submission rules between REF (2014) and
(2021) could explain this finding. The universities had to submit all the staff members with
a significant research responsibility in REF, 2021. Whereas universities were allowed to
choose the staff members that they could submit to the REF, 2014. Therefore, universities
that were relatively small in the REF, 2014 submission may have been more selective in
choosing the staff members to return in their submission; however, with the implementa-
tion of the so-called universal submission in REF, 2021, the size of the universities with
smaller submissions in REF, 2014 experienced a larger growth in submission sizes.

We also carried out similar analyses to examine the convergence across subject areas
(units of assessment). The analyses are similar to that of Table 7, but instead, we use dif-
ferent quality scores, and the results are presented in Table 11. When we used GPA scores
based on new weights given to different quality classifications (i.e., GPA, and GPA,), there
is significant convergence in the environment and impact composite scores between differ-
ent subject areas, but there is no significant convergence in output quality between different
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subject areas. These findings align with the results presented in Table 7 when the average
composite score is obtained using the GPA formula. When we consider the growth in the
percentage of 4-star and 3-star research activity (columns 7-9 of Table 11) as a dependent
variable and the percentage of 4-star and 3-star research activity in 2014 as our independ-
ent variable, we find that there is significant convergence in all three elements of research
activity. In other words, the subject areas with relatively lower percentages of 4-star and
3-star research activity in the environment, impact and output categories in REF, 2014 expe-
rienced a higher growth in the percentages of 4-star and 3-star research activity between
the two assessment periods. In other words, when there is no distinction between 3-star and
4-star research activity, we also found a significant convergence in output quality between
subject areas. On the other hand, when we examined the convergence in size of different
subject areas (column 13 of Table 11), we found a significant divergence in sizes between
subject areas. In other words, the growth in size of the subject areas tends to be relatively
higher for subject areas that had larger submission sizes in REF, 2014. For instance, Theol-
ogy and Religious Studies, Classics and Area Studies were the subject areas that had the
smallest submission sizes in REF, 2014 (i.e., with submission sizes of 322.82, 330.95, and
443.05, respectively), and the growth in sizes of these units between REF (2014) and (2021)
was 25.1%, 16.6%, and 22.6%, respectively. On the other hand, Business and Management
Studies, Clinical Medicine, and Engineering had the largest submission sizes in REF, 2014
(with submission sizes of 2746.67, 2934.20 and 4158.18, respectively), and the growth in
sizes of these units between two assessments was 102.4%, 37.4% and 46.6%, respectively.
In other words, the growth of the size of the larger units tend to be higher. Furthermore,
beyond these units, there was a tendency for the larger subject areas in REF, 2014 to expe-
rience higher growth in their sizes between two assessment periods, and there was an
increased divergence between subject areas regarding research active staff members. Finally,
columns 9-12 of Table 11 report the results when we use quality-weighted volume (which
is obtained by the multiplication of the GPA, and the size of the subject areas) as a measure
of quality. As there was a significant convergence in quality when the GPA, is used and
divergence in submission sizes between subject areas, we found no significant convergence
or divergence between subject areas when the quality-weighted volume is used as a proxy.
Overall, with alternative measures of research quality, we found a convergence in the quality
of research between subject areas but a divergence in submission sizes across subject areas.

Conclusions

It has been argued that the research assessment system in the United Kingdom aimed at
increasing the concentration of high-quality researchers in a handful number of universi-
ties (Buckle et al., 2020) and would lead to a concentration of research funding in a few
research-intensive universities (Martin, 2011; Torrance, 2020). In other words, previous
research argued that the quality difference between better and worse performers is expected
to increase, resulting in increased research-quality funding differences between institutes as
these funds are distributed based on the REF results. However, contrary to the expectations
of increased divergence between institutes, we found that the research performance of uni-
versities and disciplines converged between the two REF exercises. Furthermore, we also
found that the convergence in the research quality between universities also resulted in a
convergence in mainstream QR funding between universities, and there has been a decline
in research funding differences between universities.
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We also found that impact quality convergence within universities (i.e., convergence
across disciplines in universities) and between universities was the fastest. Even though the
inclusion of the impact element in the evaluation of the REF, 2014 resulted in higher per-
formance differences between universities in REF, 2014 (Pinar & Unlu, 2020a), the con-
vergence in impact quality was fastest between REF (2014) and (2021). This is because
there has been increased emphasis on the impact element in academia to increase engage-
ment with the societal impact. Between the two assessment periods, further guidance on
how quantitative metrics could be used to support impact case studies was provided (Parks
et al., 2018), and funding councils carried out workshops to provide additional guidance
on the requirements of the impact element (REF, 2018). Therefore, these additional invest-
ments and training sessions also resulted in faster convergence in this research area within
and between universities and disciplines.

The findings of the paper have various policy implications. Firstly, the financial incen-
tives of the REF led to an increase in the performance of the universities between the two
assessment periods, and the increase in the performance of the worse performers in REF,
2014 was relatively higher between REF (2014) and (2021). In other words, the PBRFS
in the UK served as an incentive to improve the scientific quality produced in the country.
Secondly, significant improvements in research quality between the two assessment periods
by the universities that performed poorly in REF, 2014 could also improve their rankings
in the league tables because research quality is part of the university rankings. Therefore,
these universities are more likely to attract more undergraduate and graduate students in
the upcoming years based on their research quality improvements because the research
quality affects student university choice (Broecke, 2015; Gibbons et al., 2015). Thirdly,
convergence in research quality across universities could also allow students to access bet-
ter-performing universities when they are less likely to move outside the region for their
studies. For instance, Donnelly and Gamsu (2018) demonstrate that state-educated and eth-
nic minority students were much less likely to leave their areas to study in other regions in
the UK. Therefore, students that are less likely to move to other areas are likely to benefit
from the increased research quality and convergence in research quality across universities.
Fourthly, we found that the economic and societal impact of the universities also improved
between the two assessment periods. The increased quality of the impactful research could
also lead to increased entrepreneurial activity and economic growth at the regional level
based on the university-industry links (Bishop et al., 2011; D’Este et al., 2013; Lehman
and Menter, 2016; Mueller, 2016b). Therefore, convergence in research quality across uni-
versities could also act as a source in reducing regional disparities in the UK. Finally, one
of the significant changes between REF (2014) and (2021) was that the universities were
required to return all the staff members with significant research responsibility to REF.
Therefore, it is likely that the universities may pursue a different hiring process by hiring
new staff members and are more likely to offer research contracts to new staff members
with a good record of high-quality publications to improve their research quality scores in
the next REF assessment.

Future research could evaluate the strategies used by the universities that experienced
relatively higher growth in their research performance between two assessment periods to
provide guidance on the practices for improving research quality. Furthermore, this paper
examined whether there has been an absolute convergence in research quality between uni-
versities and different subject areas between REF (2014) and (2021). However, this paper
did not examine the factors that explain the convergence or the lack of convergence across
universities and subject areas. Therefore, a future study could conduct a regression analysis
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to examine the factors that explain the variation in score changes between two REF exer-
cises to provide further insights about the convergence or lack of convergence.
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