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Abstract

We analysed the full text of all journal articles returned
to the education subpanel of the 2021 Research
Excellence Framework (REF2021). Using a latent
Dirichlet allocation topic model, we identified 35 topics
that collectively summarise the journal articles that re-
search units, typically schools of education, selected
for submission. We found that the topics which units
wrote about in their submitted articles collectively ex-
plained a large proportion (84.1%) of the variance in
the quality assessments they received from the REF's
expert peer review process. Further, with the impor-
tant caveat that we cannot attribute causality, we found
that there were strong associations between what the
subpanel perceived to be excellent research and the
adoption of particular methods or approaches. Most
notably, units that returned more interview-based work
typically received lower scores, and those which re-
turned more analyses of large-scale data and meta-
analyses typically received higher scores. Finally, we
applied our 2021 model to articles submitted to the
previous exercise, REF2014. We found that education
research seems to have become less qualitative and
more quantitative over time, and that our 2021 model
could successfully predict the scores assigned by the
REF2014 subpanel, suggesting a reasonable degree
of between-exercise consistency.
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Key insights

What is the main issue that the paper addresses?

We analysed all the papers submitted to the education subpanel of REF2021 with
the aim of understanding (i) the topics that British education research focuses upon
and (ii) whether the topics that units write about predicts the quality assessments
they receive from the REF's expert peer review process.

What are the main insights that the paper provides?

The topics which units wrote about in their submitted articles collectively explained
a large proportion (84.1%) of the variance in the quality assessments they received
from the REF's expert peer review process. Moreover, our model from REF2021 was
also successful at predicting quality judgements made in REF2014.

THE RESEARCH EXCELLENCE FRAMEWORK

The UK government's research funding bodies periodically conduct an assessment of the
research quality of each publicly funded university, with the aim of informing how to allocate
‘quality-related’ research funding. These assessment exercises are extremely important for
academics and universities in the United Kingdom, because they influence both funding and
reputation. As a result, the process by which research quality judgements are made during
such exercises is of considerable interest to UK-based academics. However, understanding
this process is not merely of parochial British interest. Many other countries have adopted
research evaluation systems that share several characteristics of the UK system (e.g., Geuna
& Martin, 2003; Pinar & Horne, 2022), and even in contexts where this is not the case, the as-
sessment of research quality is central to the process of appointing and promoting academics.
Our goal is to systematically interrogate how judgements of research quality are made.

The most recent of the United Kingdom's periodic research assessments, known as the
Research Excellence Framework (REF), took place in 2021. The exercise involves groups
of academics being submitted as ‘units’ to assessment panels (or, in REF terminology, sub-
panels) defined by discipline, such as education. So, in a typical UK university, academics
working in the School of Education were collectively submitted as a unit to the education
subpanel. The rules on who can/must be included in the assessment have varied over time,
as have the rules on the number of research outputs (the generic term for journal articles,
books, chapters, conference proceedings, etc.) that can be submitted. In REF2021, each
researcher was required to submit between one and five outputs, with each unit as a whole
submitting an average of 2.5 outputs per researcher.

Once submitted, these research outputs were assessed for their quality by a panel of se-
nior academics and other experts. In the education case, the REF2021 subpanel consisted
of 22 full members, all senior academics from the field, whose remit was to develop the as-
sessment criteria and conduct assessments, together with a further 14 assessors who only
participated in the assessment phase.

Each output submitted to the education subpanel was given a score for its quality in
terms of ‘originality, significance and rigour’ on a five-point scale: from the highest 4* rating
to unclassified, as shown in Table 1. These scores were combined to produce an output
quality profile for each unit, which contributed to the overall quality profile, alongside anal-
ogous profiles for the reach and significance of the unit's impact (assessed via case stud-
ies; REF, 2019) and the extent to which the unit's environment is conducive to producing
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TABLE 1 The five possible REF quality ratings.

Rating Description

4 Quality that is world-leading in terms of originality, significance and rigour

& Quality that is internationally excellent in terms of originality, significance and rigour but which
falls short of the highest standards of excellence

2* Quality that is recognised internationally in terms of originality, significance and rigour

1* Quality that is recognised nationally in terms of originality, significance and rigour

u/c Quality that falls below the standard of nationally recognised work, or work which does not

meet the published definition of research for the purposes of this assessment

high-quality research (assessed via narrative statements and various metrics; REF, 2019).
One convenient way of expressing REF quality profiles is to calculate a grade point aver-
age (GPA). For instance, in REF2021 the outputs in the University of Aberdeen's education
submission received a quality profile of 22.5% 4*, 30.0% 3*, 40.0% 2* 5.0% 1* and 2.5% un-
classified. So, their output GPA was 2.35 (0.225x4+0.3x3+0.4x2+0.05x1+0.025x0).

The outcomes of REF exercises determine the amount of government research fund-
ing each institution receives and influence their reputations (e.g., REF scores contribute to
some domestic newspaper league tables). As a result, REF exercises are taken remarkably
seriously: much effort is devoted to selecting the outputs that are deemed most likely to re-
ceive high grades. Partly as a result of this high-stakes nature, the exercise has received a
great deal of academic attention. It has been criticised in terms of its underpinning political
stance (e.g., Brown & Carasso, 2013; Fairclough, 1995), of the impact that it has on inter-
disciplinary research (e.g., Pardo-Guerra, 2022) and of its unintended consequences (e.g.,
Brassington, 2022; Gillies, 2008; Marques et al., 2017; Pinar & Horne, 2022; Watermeyer &
Derrick, 2022).

There are at least three reasons why education researchers should be interested in un-
derstanding both what was submitted to the education panel in REF2021 and how these
submissions were assessed. First, submissions to the REF provide a snapshot of the state
of each UK university's most highly regarded education research in the period 2014-2021
(at least the most highly regarded, subject to the rules of the exercise). By analysing the
papers that were submitted, we can begin to understand the topics UK-based researchers
focused on, the theoretical perspectives and methodological approaches most commonly
used, and where there are gaps. Second, the REF panel was made up of highly respected
academics who were tasked with peer reviewing a large number of education research out-
puts with the goal of producing a careful estimate of their quality. Understanding the factors
that influenced their judgements gives us insights into the strengths and weaknesses of
contemporary British education research, or at least the factors that influence expert peer
review. Third, while the rules of future REF exercises will evolve, the centrality of an expert
peer review assessment of output quality within disciplines is likely to remain. Given this, it
is important to explore between-panel consistency of judgement. Does the type of research
that is assessed as being high quality remain stable across years, or does it vary from ex-
ercise to exercise?

The purpose of the current paper is to report a study that analysed the full text of all jour-
nal articles submitted to the REF2021 education subpanel. Our specific goals were to iden-
tify the makeup of these papers in terms of their substantive content, their methodological
focus and their theoretical orientation, and then determine whether these factors were asso-
ciated with the output quality assessments made by the panel. In the last stage, we applied
our model to the full text of journal articles submitted to the previous REF (REF2014) and
assessed (i) changes in substantive content of REF papers over time and (ii) between-panel
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stability of quality judgements. Before reporting the steps we used in our analysis, we first
introduce the method we used: latent Dirichlet allocation topic modelling.

TOPIC MODELLING THE RESEARCH
EXCELLENCE FRAMEWORK

Topic modelling is a method that seeks to understand the content of a large number of texts
by identifying the themes, or topics, that they focus on (Blei et al., 2003). The method takes
a large collection of unstructured texts and studies the words they contain. For instance, if a
document contains many instances of the words ‘sofa’, ‘table’ and ‘armchair’, we might infer
that the document is, to some extent at least, about furniture. Formally, a topic is defined
to be a probability distribution over words. So, a furniture topic would associate high prob-
abilities to words related to furniture (‘sofa’, ‘table’, ‘armchair’) and low probabilities to words
unrelated to furniture (‘biscuit’, ‘fishing’, ‘stockbroker’).

To understand topic modelling it is helpful to consider the process in reverse, where we
imagine that we have a collection of topics and want to create some documents. Imagine
that we want to write a document that is 50% about furniture, 30% about silent films and
20% about Nottingham. Every time we want to add a word to our document, we select it
from the furniture topic with probability 0.5, from the silent films topic with probability 0.3 and
from the Nottingham topic with probability 0.2. Each topic is itself a set of probabilities over
words; for instance, perhaps the Nottingham topic assigns a probability of 0.01 to “Trent’. So,
we know that every time we want to add a word to our document, the probability of it being
‘Trent’ (from the Nottingham topic) is 0.2 x 0.01. This method of creating documents involves
two considerable simplifications. First, the so-called ‘bag of words’ model of text is adopted
by ignoring word order. Second, ‘stop words'—words that do not convey semantic content,
such as ‘the’, ‘as’ and ‘is'—are ignored.

Topic modelling assumes that a specified set of documents was created using this method
and then attempts to identify what the most likely topics were. After identifying these topics,
the composition of each document can be specified. For instance, we might conclude that a
document is made up of 25% of words from topic 1, 10% of words from topic 2 and so on (these
percentages represent the number of words from each topic after the removal of stop words).

Topic modelling has previously been used to shed light on a variety of issues in educa-
tional research. Inglis and Foster (2018) topic modelled the full texts of all articles published
in the two leading mathematics education journals, the Journal for Research in Mathematics
Education and Educational Studies in Mathematics, since their foundation. They found top-
ics associated with the specific content of research (e.g., spatial reasoning, algebra, etc.) but
also with theoretical perspectives (e.g., constructivism, sociocultural theories, etc.). Using
the compositions of each published paper, Inglis and Foster were able to quantitatively track
the changing theoretical orientations adopted by mathematics education researchers since
the 1970s. Using a similar method, Galvez et al. (2019) analysed the abstracts of 137,000
dissertations completed between 1980 and 2010 in the United States. They particularly fo-
cused on the relative prominence of what they referred to as the interpretative and causal re-
search paradigms, finding that the prominence of the interpretative paradigm had increased
during this period, whereas the prominence of the causal paradigm had declined.

Both Inglis and Foster (2018) and Galvez et al. (2019) highlighted that the (quantitative)
topic modelling method and qualitative methods like grounded theory share a focus on bot-
tom-up inductive coding of the data. The topic modeller has no preconceived expectation
about what topics will emerge from their unstructured collection of documents, and they
must interpret the meaning of those topics that do emerge. These interpretations must, as
with a grounded theory analysis, be carefully justified. Later in the paper we explain the
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methods we adopted in the current project, and justify our interpretations of the topics that
emerged. However, we first review what we know about the REF2021 education subpanel's
judgements of output quality.

REF2021 EDUCATION OUTPUT QUALITY

The quality assessments given to each individual output by REF panels are confidential,
but the aggregated quality profiles for each submitted unit are published online at www.ref.
ac.uk. This, along with the report written by the education subpanel after the results were
published, provides us with the best source of evidence about how the panel went about
judging papers. Comparing the quality profiles awarded by the education subpanel to other
disciplinary subpanels reveals that the education panel generally judged the quality of the
outputs it assessed to be rather weak. Figure 1 shows the distribution of profiles awarded
by each subpanel, and indicates that the education subpanel awarded high numbers of 1*
and 2* ratings and low numbers of 3* and 4* ratings, at least in comparison to the other
disciplinary subpanels.

How did the subpanel reach its judgements? The post-assessment subpanel report indi-
cated that ‘detailed calibration exercises were conducted’ and that ‘processes for moderation
were used throughout’, which ‘included paired assessment, monitoring of scoring patterns
from the subpanel (individually and collectively) and from the main panel’ (REF, 2022, p.
158). In its summary of the output assessment process, the subpanel noted that outputs
could achieve the highest grades ‘in diverse ways’ and that there was ‘no strong association
between research excellence and particular methods or approaches’ (p. 159). Furthermore,
the report noted that outputs awarded low grades typically exaggerated their contributions to
knowledge, were poorly situated within a field, offered insufficient justification of their sam-
pling strategy, or had underdeveloped ‘criticality and analytical purchase’ (p. 159).

The remainder of the subpanel's report highlighted particular areas of strength of the sub-
mitted research. For instance, there was ‘especially strong work on the identities of children
and young people, focused on gender, sexuality, race, ethnicity and socioeconomic back-
ground’ (p. 162) and ‘educational research drawing on philosophy and history was mainly
of very high quality’ (p. 164). In terms of methodological focus, the subpanel remarked that
designs focused on the ‘analysis of qualitative data remain common in education and much
of this work continued to be of the highest quality’ (p. 165) and that there were ‘strong ex-
amples of the use of longitudinal data to track long-term outcomes in education’ (p. 165).
Because the methodological strengths noted were specific examples rather than general
trends (e.g., the subpanel stated that there were ‘strong examples’ of longitudinal studies,
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FIGURE 1 The percentage of outputs rated 4*, 3* 2* and 1* for each disciplinary subpanel (where each dot
represents a subpanel), with the education subpanel's figures highlighted.
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rather than making the stronger claim that longitudinal studies tended to be, on average, high
quality), the existence of these strengths did not contradict the most important assertion in
the subpanel report, that there was ‘no strong association’ between quality judgements and
research methods or approaches (p. 159).

METHOD

In total, 5272 outputs were submitted to the education subpanel of REF2021. Of these, 4295
(81.5%) were identified as journal articles by the submitting units. We obtained pdf copies
of 4290 of these articles (the remaining five were identified by the submitting units as being
written in a language other than English, and so would not have been analysable with an
English-language topic model). We converted these 4290 pdfs to plain text using the UNIX
pdftotext command (Poppler, 2022) and then used MALLET (version 2.0.8RC2), a UNIX
topic modelling tool (McCallum, 2002), to calculate possible models, ignoring the stop words
on MALLET's default list.

To evaluate the optimal number of topics for our main model, we adopted the perplexity
approach (Blei et al., 2003; Jacobi et al., 2018). We split the corpus into a training corpus
(80%) and a testing corpus (20%), fitted topic models with 10 topics, 20 topics, ... 100 topics
to the training corpus and then calculated the perplexity of each using the testing corpus.
Perplexity is an estimate of model fit, with a lower value indicating a better fit. Perplexity val-
ues for each model are shown in Figure 2. Clearly, choosing a model with more topics will
lead to a lower perplexity figure, and Jacobi et al. suggested choosing the number of topics
based on where the relationship between perplexity and topic numbers ‘levels off’ (much
like a scree plot in an exploratory factor analysis). Based on the piecewise linear regression
shown in Figure 1, we opted to fit a model with 35 topics for our main analysis.

This allowed us to calculate the composition of each of the 4290 English-language journal
articles returned to the education subpanel. For example, consider Bennett et al.'s (2019)
article entitled ‘The cost of multiple representations: Learning number symbols with abstract
and concrete representations’, published in the Journal of Educational Psychology. The ar-
ticle explored whether children's learning of number symbol meanings varied depending on
the type of representation they were introduced with (abstract or concrete). Our 35-topic
model identified that 68.2% of the article's words came from Topic 5 and 8.6% from Topic
7 (note that here, and throughout the rest of the paper, the percentages of a paper's words
from a given topic are given after the removal of stop words). Using the process described
below, these topics were named Developmental Psychology and Mathematics, respectively,
which seems to capture the content of Bennett et al.'s article well.

6500 @
1 AN 34.7 topics
£ 6000 AN /
5] 1 N
= 1 -
[3) 4 BN
& 5500 N
4 \\ -~ - _
1 N .-
4 o —
5000 - -
T T T T T T T T T T
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Number of Topics

FIGURE 2 Perplexities associated with models with 10, 20, 30, ..., 100 topics. The dotted lines show a
one-break piecewise linear regression line of best fit.
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RESULTS

The defining words associated with the 35 topics identified in our model are shown in Table 2,
together with the article that had the highest proportion of words from the topic, the name
we gave to describe the topic and the mean proportion of words from each topic (averaged
over all papers). These names were assigned based on the defining words and, where that
was not sufficient, a careful reading of papers with the highest proportions of words from the
topic and papers with the lowest proportions of words from the topic. In most cases it was
straightforward to assign names to topics. For example, the topic characterised by words
such as ‘gender’, ‘girls’, ‘boys’, ‘male’, ‘female’, ‘men’ and ‘identity’ was clearly about gen-
der (readers can assess the adequacy of our names by consulting Table 2, and the online
data associated with this paper, available at https://doi.org/10.17028/rd.Iboro.25201139.v1).
There were three exceptions—Topics 3, 11 and 20—where a careful reading of outputs was
required.

Topic 3 was characterised by words such as ‘research’, ‘assessment’, ‘data’, ‘analysis’,
‘evidence’, ‘review’, ‘knowledge’ and ‘approach’. The papers with the highest proportions
of words from the topic were all focused on developing and/or evaluating methodological
approaches. For instance, Hitchcock and Onwuegbuzie's (2020) article ‘Developing mixed
methods crossover analysis approaches’ was made up of 68.1% of words from the topic,
and Nelson's (2017) discussion of criteria for saturation in qualitative research contained
65.2% of words from the topic. The topic seemed to be focused on the discussion of meth-
ods per se, including their innovation, systematic application and rigorous use. The topic
did not focus on a particular type of method: both quantitative and qualitative approaches
were discussed by papers that had high proportions of words from the topic (e.g., McGrane
et al., 2018; Sechelski & Onwuegbuzie, 2019). We named the topic Methodological Depth.

Topic 11 was characterised by words such as ‘school’, ‘schools’, ‘education’, ‘del’, ‘und’,
‘Italian’, ‘della’, ‘der’, ‘les’ and ‘educacion’. Upon reading papers with particularly high pro-
portions of words from this topic, we concluded that the topic captured outputs that included
passages of text not written in English. For instance, perhaps the output had two abstracts—
one written in English, one in a non-English language (e.g., Myhill & Jones, 2015). We named
this topic Non-English Components.

Topic 20 was characterised by words such as ‘first’, ‘significant’, ‘findings’, ‘specific’, ‘influ-
ence’, ‘field’, ‘effects’, ‘find’, ‘differences’, ‘reflect’ and ‘significantly’. Unlike most other topics,
there were few articles that had particularly high proportions of words from the topic. The
largest was Baird et al.'s (2017) article ‘Rater accuracy and training group effects in Expert-
and Supervisor-based monitoring systems’, which had 44% of its words from Topic 20. This
article was notable for the emphasis made on asserting the originality and significance of
the reported research. For instance, Baird et al. noted that their ‘study is the first to show
instability across monitoring systems’ (p. 11), that it is ‘the first study to show this [result] as a
general effect, rather than for a particular team, and [that] it is the first to use multilevel mod-
elling to do so’ (p. 11). Furthermore, they argued that their results are ‘important findings, as
face-to-face training and Supervisor-based monitoring systems are still the norm in many
examination settings for practical reasons’ (p. 12). In short, the paper attempted to make
a particularly strong case for the originality and wider significance of its findings. No other
paper had nearly as high a proportion of words from Topic 20 (the next highest was 23%),
but all the papers with proportions over 20% also discussed the significance of their findings
(e.g., they developed a wider theoretical framework or discussed the implications of their
results for practice at length). For example, Gibbs and Elliott's (2015) study of how teachers
interpret terms such as ‘dyslexia’ described how their findings ‘provide a potential challenge
to the value, meaning and impact of certain labels that may be used as “short-hand” descrip-
tors for the difficulties that some children experience’ (p. 335). In contrast, when we studied
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papers which had 0% of words from Topic 20, we found instances of papers which made
little attempt to draw wider implications. For example, Langdown et al.'s (2019) article ‘Acute
effects of different warm-up protocols on highly skilled golfers' drive performance’ provided
compelling evidence for how golfers might improve their drives, but did not attempt to gener-
alise to learning sporting skills outside of golf, or to learning more generally. We decided to
name Topic 20 Claims of Significance.

A full dataset showing the topic compositions for the 4290 English-language journal arti-
cles submitted to REF2021 is available online at https://doi.org/10.17028/rd.lboro.25201139.
v1. Studying these data alongside Table 2 will allow readers to investigate the extent to
which they feel our topic names appropriately capture the meaning of each topic.'

The next step was to calculate each submitted unit's mean proportions for each topic.
This gave us a representation of the overall proportion of each unit's submission from
each topic area. For instance, 17.4% of the ‘composite mean paper’ returned by the Open
University (an imagined paper composed of the same topic weightings as the mean topic
weightings of the actual papers returned by the Open University) was made up of words
from the Technology Enhanced Learning topic. Similarly, 18.9% of the composite mean
paper returned by Manchester Metropolitan University was made up of words from the New
Materialism topic, and 14.7% of Loughborough University's composite mean paper was from
the Mathematics topic. These results, and other comparable figures, seemed consistent with
our impressions of the research strengths of these departments, providing some evidence
of the face validity of our model. The mean topic weightings, across all topics, for each
institution submitted to the education subpanel—together with their output quality profiles,
output GPA, number of FTE staff submitted and proportion of eligible staff submitted—are
available online at https://doi.org/10.17028/rd.Iboro.25201139.v1.

Table 2 shows the overall mean proportion (across all 4290 submitted papers to REF2021)
for each topic. These figures give an overall sense of the makeup of education research
papers submitted to REF2021. They show that Interviews and Focus Groups was the most
popular topic (9.34%), followed by Methodological Depth (7.99%), Teacher Education and
Professional Development (5.90%), Critical and Social Theory (5.82%) and Philosophy of
Education (5.75%).

Next, we evaluated the extent to which our model (i.e., the topic proportions of the
composite mean paper submitted by each unit) could account for the unit-level output
GPAs assigned by the subpanel. Because these topic proportions sum to 1 for each unit,
we could not run a standard regression (there would have been perfect multicollinearity).
Instead, we adopted a compositional regression approach using base 2 additive log-ratios
(Coenders & Pawlowsky-Glahn, 2020). Because we analysed every English-language
journal article returned to REF2021, we conceptualise this regression as being a whole-
population analysis (Berk, 2004, p. 42), the goal of which is to understand judgements
made in REF2021. We therefore do not report inferential statistics. This conceptualisation
raises the issue of whether the resulting model can accurately predict independent judge-
ments of research quality (i.e., those made outside the context of REF2021). We consider
this issue later in the paper by using our model to analyse REF2014 submissions.

Our regression analysis yielded two results of interest. First, we calculated the overall fit
of the compositional regression model, which can be interpreted as telling us how much of
the variance in output GPAs can be collectively explained by the 35 topics. We also ran a
model where the proportion of 4* outputs was the dependent variable, which yielded essen-
tially identical results. Our model explained a large proportion of the variance in units' output
GPAs, R?=84.1%. In other words, knowing the content of the composite mean journal arti-
cle returned by each unit allowed us to predict with a very high degree of accuracy the output
GPA they received from the expert peer review process. This is particularly striking given
that journal articles made up only 81.5% of the outputs that were submitted to the subpanel.
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However, given the limited number of units (83) and the large number of topics needed to
characterise the diversity of education research (35), it is possible that this very large R?is
the result of overfitting. In other words, despite this very large R?, itis possible that, if we ap-
plied our model to a new sample of units, then it would not accurately predict quality judge-
ments of their outputs. We return to this issue later in the paper by applying our model to
REF2014 to evaluate the extent to which it can predict out-of-sample judgements of quality.

Second, we calculated the regression coefficients associated with each of the 35 topics.
In a base 2 additive log-ratio compositional regression, the coefficient associated with each
predictor is interpreted as the expected change in the dependent variable (output GPA in
our case) if the value of the predictor doubles, with the remaining predictors all reducing
proportionately (i.e., retaining their relative ratios). For instance, the regression coefficient
associated with the Gender topic was 0.035. This means that if one unit's composite mean
paper had twice as much content about gender as another unit's, with both having an identi-
cal balance of the remaining topics, our model would predict that the first unit's output GPA
would be 0.035 higher than the second's. The full regression model is shown in Table 3.

The regression coefficients varied from +0.104 (Analysing Large-Scale Data) to —-0.164
(Teacher Education and Professional Development). We interpreted the effect of a topic
to be ‘large’ if it had an absolute coefficient above 0.05 (a gap equivalent to the difference
between the output GPAs obtained by the University of Sussex (ranked 14th by output GPA)
and the University of Southampton (ranked 18th)). Five topics had large positive coefficients:
Analysing Large-Scale Data (0.104), Methodological Depth (0.104), Critical and Social
Theory (0.092), Claims of Significance (0.081) and Schooling Systems (0.068). Three topics
had large negative coefficients: Interviews and Focus Groups (—0.077), Higher Education
(-0.102) and Teacher Education and Professional Development (—0.164). In other words,
returns that contained many words associated with the analysis of large-scale data, with
significant methodological discussion, with ideas from critical or social theory, or with claims
of originality and significance, typically received higher scores than those which did not.
Conversely, returns that included more words associated with interviews or focus groups,
or with higher education or teacher education/PD, on average received lower scores than
those which included fewer. These findings are difficult to reconcile with the REF subpanel's
claim that there was ‘no strong association between research excellence and particular
methods or approaches’ (REF, 2022, p. 159). We return to this issue in the discussion.

In sum, using our model we were able to successfully explain a surprisingly large propor-
tion of the variance in units' output GPAs. This allowed us to draw two main conclusions.
First, we could see the popularity of topics, methods and approaches used by educational
researchers in the United Kingdom, at least within the subset of journal articles selected
to be returned to REF2021. Second, we were able to identify those topics, methods and
approaches that were associated with judgements of higher quality made by the REF2021
education subpanel (and those that were associated with judgements of lower quality).

To address three remaining research issues—relating to (i) documenting changes in re-
search focus over time, (ii) assessing whether our REF2021 model's high R? was down to
overfitting and (iii) evaluating the level of between-panel stability in quality judgements—we
applied our model to the previous REF exercise (REF2014).

APPLYING THE MODEL TO REF2014

Compared to 2021, slightly fewer universities made returns to the education subpanel in
2014 (75 compared to 83). However, these 75 units submitted more outputs—a total of 5519.
Of these, 4322 (78.3%) were self-declared to be journal articles, of which 12 were written in
a language other than English and excluded from our analysis. This left 4310 journal articles,
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TABLE 3 A compositional regression predicting REF2021 output GPAs with our 35 topics.

Predictor Regression coefficient
(Intercept) 2.953
Analysing Large-Scale Data 0.104
Methodological Depth 0.104
Critical and Social Theory 0.092
Claims of Significance 0.081
Schooling Systems 0.068
Communication and Interaction 0.047
Gender 0.035
History, Religion and Race 0.029
Reading 0.024
Non-English Components 0.020
Psychiatry and Psychopathology 0.019
Mathematics 0.010
Science Education 0.003
Special Educational Needs and Disabilities 0.003
Children's Social Care -0.002
New Materialism -0.004
Philosophy of Education -0.004
Cognitive Processing -0.004
Health and Medicine -0.004
Sports -0.008
Citizenship and Culture -0.009
Training and Employment -0.014
Developmental Psychology -0.015
Systematic Reviews and Meta-Analyses -0.018
Education Policy -0.018
Language and Linguistics -0.018
Affective Factors -0.021
Clinical Psychology and Developmental Disorders -0.024
Technology Enhanced Learning -0.024
Regional Issues and International Development -0.029
Leadership and Management -0.031
Early Childhood and Families -0.050
Interviews and Focus Groups -0.077
Higher Education -0.102
Teacher Education and Professional Development -0.164
R?=0.841

Note: Topics are ordered by the size of the regression coefficient.

of which we were able to obtain pdf copies of 4269 (99.0%, a lower proportion than the 100%
figure we achieved for REF2021, perhaps because of the more stringent open access rules
that were introduced for the latter exercise). We converted these 4269 articles into plain text
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using the UNIX pdftotext command (Poppler, 2022), and used our 35-topic model derived
from the REF2021 papers to calculate the composition of each article. A full dataset show-
ing the topic compositions for the 4269 articles in our REF2014 sample is available online at
https://doi.org/10.17028/rd.lboro.25201139.v1.

We asked three main questions. First, what changes can be observed in the frequencies
with which the various topics were represented in papers submitted to the 2014 and 2021
REFs? Did certain topics become more or less prominent over this period? Second, can
the model trained on 2021 papers successfully predict the unit-level output GPAs achieved
by the 2014 papers, as assigned by the REF2014 education subpanel? If the answer to
this latter question is yes, then we should have confidence that our model is able to predict
out-of-sample judgements of research quality (i.e., the large R? observed in the context of
REF2021 cannot solely be due to overfitting) and also that the judgements made by the 2014
panel are similar to those made by the 2021 panel, despite the substantial changes in panel
membership.

The mean proportion of words (averaged across all articles in REF2014) from each
topic is shown in the fifth column of Table 2. There were notable changes between
2014 and 2021. In general, British education research, at least as represented by the
papers chosen to be returned to the REF, seems to have become more quantitative
and less qualitative between 2014 and 2021. Specifically, over this period the Interviews
and Focus Groups topic declined in prominence by 16% (11.11% to 9.34%), and there
were increases in the prominence of the Analysing Large-Scale Data (3.60% to 4.85%,
an increase of 35%) and Systematic Reviews and Meta-Analyses (0.90% to 1.13%, an
increase of 26%) topics, as well as increases in the prominence of psychological top-
ics that one might expect to be associated with quantitative methods. For instance, the
Psychiatry and Psychopathology, Clinical Psychology and Developmental Disorders,
Cognitive Processing and Developmental Psychology topics all saw increases of over
10%. In terms of curriculum areas, compared to 2014, 2021 saw an increase in the quan-
tity of research on Sports (0.56% to 1.04%, an increase of 88%), Citizenship and Culture
(1.14% to 1.40%, an increase of 22%) and Language and Linguistics (1.60% to 1.86%,
an increase of 16%), but decreases in History, Religion and Race (2.11% to 1.75%, a de-
crease of 17%) and Mathematics (1.59% to 1.40%, a decrease of 12%).

Next, we calculated the mean composite paper associated with each of the 75 submis-
sions made to the REF2014 education subpanel in a similar manner to our REF2021 analy-
sis, by taking the mean composition for each topic across all papers submitted by each unit.
We then used the regression coefficients shown in Table 3 (from our model predicting output
GPAs in 2021) to calculate predicted output GPAs. This allowed us to produce estimates of
the 2014 output GPAs that we would expect each submission to receive, based solely on our
topic model and the associated regression coefficients from 2021.

We then compared these predicted output GPAs with the actual output GPAs assigned
by the REF2014 education subpanel. The predicted and actual output GPAs for each of the
units that submitted to the 2014 education subpanel are shown in Figure 3. The correla-
tion between the predicted and actual output GPAs was high, at r=0.658, R?=43.3%. We
make two remarks. First, given the difference between the rules on output selection used in
REF2014 and REF2021 (in REF2014 every researcher returned was required to submit four
articles, in REF2021 this could vary between one and five), we might expect this correlation
to be weaker than if the same rules had been adopted for both exercises. Second, our model
was considerably better at predicting 2014 output GPAs than is typically achieved by citation
analyses. For instance, Pride and Knoth (2018) used median concurrent citation counts to
predict units' output GPAs in REF2014. They found a correlation of r=0.469, R?=22.0%
between the median number of citations achieved by units' submitted papers (as of 2014)
and their output GPAs in the education subpanel. In other words, our topic model explained
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FIGURE 3 A plot of predicted REF2014 output GPAs from our 2021 topic model, against the output GPAs
assigned by the REF2014 subpanel. GPA, grade point average; REF, Research Excellence Framework.

around twice as much variance in REF2014 output GPAs as the citation methods used by
Pride and Knoth. It is worth highlighting that, because our main aim was to interpret the
nature of the relationships between topic use and output GPAs, we used a relatively simple
linear regression. If our goal was simply to produce a model with the highest R? possible, we
could have adopted a more complex, but also more opaque, modelling approach.

In sum, by analysing the journal articles submitted to REF2014 using the topic model
derived from the journal articles submitted to REF2021, and applying the same regression
coefficients to predict units' output GPAs, we were able to produce a reasonably accurate
estimate of how the articles submitted to REF2014 were assessed by the 2014 panel, sug-
gesting that the large R? observed in our REF2021 model was not solely due to overfitting,
and also that there was a reasonable degree of consistency in the approaches used by the
two subpanels to assess research quality.

DISCUSSION
Summary of main findings

In order to gain insights into education research in the United Kingdom, and its perceived
quality, we analysed the full texts of all journal articles submitted to the education sub-
panel of REF2021, the high-stakes research quality assessment exercise conducted by
government research funding agencies. Using latent Dirichlet allocation topic modelling, we
identified 35 topics that together provide a summary of the issues focused upon, and the
approaches adopted, by UK-based education researchers, or at least by that subsection of
outputs chosen for submission to the REF. By analysing the composition of each submitted
journal article in terms of these 35 topics, we established four main findings.
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First, the semantic content of the journal articles that a unit decided to submit to the
REF was predictive of the quality assessment scores—designed to capture the origi-
nality, significance and rigour of the submitted outputs—that the unit received from the
expert peer review process. Specifically, our model explained 84.1% of the variance in
unit-level output GPAs in REF2021. This is particularly notable given that we analysed
only journal articles, which comprised just 81.5% of the outputs submitted to the educa-
tion subpanel.

Second, we were able to establish which of the 35 topics were particularly strongly pre-
dictive of quality judgements made by the panel. From this analysis we concluded that re-
turns which included many papers that analysed large-scale data, that had detailed critical
discussions of methodological issues, that adopted critical or social theories, that analysed
schooling systems or that made strong arguments for their originality or significance, on av-
erage received higher scores than returns which included fewer papers with these features.
Similarly, returns which include more papers that adopted interviews and focus groups, that
focused on higher education or that analysed teacher education and professional develop-
ment on average received lower scores than those which included fewer. Notably, these
findings seem to conflict with the subpanel's claim that there was ‘no strong association
between research excellence and particular methods or approaches’ (REF, 2022, p. 159).
We found several such associations.

Third, by applying our model to the full text of 99% of journal articles submitted to the ed-
ucation subpanel of the previous assessment exercise (REF2014), we were able to identify
topics which have increased in prominence, and topics which have decreased. We found
evidence of a shift towards quantitative methods and away from qualitative methods. But,
despite this shift, qualitative methods are still extremely common in UK-based education re-
search: the Interviews and Focus Groups topic remains the most widely used of all 35 topics.

Finally, to assess whether our model could predict independent judgements of research
quality, and also to evaluate the extent to which the high R? we observed for our 2021 model
was due to overfitting, we attempted to predict the unit-level output GPAs we would have
expected each unit to have received in REF2014, based on the composition of the papers
they submitted to that exercise, using only our 2021 model. Our predicted output GPAs were
strongly correlated with the output GPAs assigned by the 2014 subpanel, suggesting (i) that
the two panels made their judgements based on largely similar criteria and (ii) that topic
modelling is able to successfully predict the research quality judgements of collections of
manuscripts made in a separate exercise.

Quality differences between different research approaches

We found strong associations between the extent to which a unit submitted papers that
adopted particular research methods or approaches, and the scores they received. Interview-
and focus group-based research was associated with lower scores, and large-scale data
analyses, systematic reviews and meta-analyses were associated with higher scores.
However, our analysis demonstrates associations, not directional causal relationships.
These findings need unpacking. In particular, it would be tempting to interpret these
results in terms of a quantitative/qualitative hierarchy. However, although the Interviews
and Focus Groups topic clearly comprises qualitative research, so did other topics. The
Communication and Interaction topic, for instance, contained other kinds of qualitative
research, such as text, discourse and interaction analyses, conducted on other kinds of
datasets, such as transcripts of classroom interactions. Unlike with the Interviews and
Focus Groups topic, units that focused more on communication and interaction tended to
receive higher scores (i.e., this topic had a positive regression coefficient in our model).
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In sum, our analysis showed that it is not qualitative research per se that the panel, on
average, gave lower scores to, but rather qualitative analyses of interview and focus
group data.

Nevertheless, given the history of the so-called paradigm wars in education research
(e.g., Galvez et al., 2019), and controversies about perceived hierarchies of research
methods (e.g., Ercikan & Roth, 2006; Tooley & Darby, 1998), the finding that units which
return more interview- or focus group-based outputs appear to receive systematically
lower scores is particularly notable. Figure 4 shows the relationship between units' mean
proportions of words from the Interviews and Focus Groups topic and their output GPAs
in both REF2021 and REF2014. Although these relationships are extremely strong,
r=-0.585 and -0.399, most high-performing units returned some interview-based pa-
pers. Of the top nine units by output GPA (who each received a GPA of 3.29 or above),
only the University of Durham returned no heavily interview-based outputs (operation-
alised here as articles with more than 20% of their words from the Interviews and Focus
Groups topic). The other eight collectively returned 44 such outputs (8% of their total),
providing some suggestive evidence that it is certainly possible for interview studies to
receive high scores.

Although the correlation between the Interviews and Focus Groups topic proportion and
output GPA was strong, it is possible that this relationship was driven by factors that covary
with both. For instance, one explanation for the relationship shown in Figure 4 is that inter-
views and focus groups are typically used more frequently in generally weaker research
domains. Indeed, the two topics with the strongest positive correlations with the Interviews
and Focus Groups topic were Higher Education (r=0.348) and Teacher Education and
Professional Development (r=0.405), which were themselves the two topics that had the
largest negative regression coefficients in our analysis. So, perhaps the reason interviews
and focus groups seem to have been judged negatively by the panel is that they were dis-
proportionately often used in weak research domains, and it is these research domains
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FIGURE 4 A plot of the mean proportion of words from the Interviews and Focus Groups topic that units
returned in REF2021 and REF2014 against their output GPAs, together with the lines of best fit. GPA, grade
point average; REF, Research Excellence Framework.
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that drive quality judgements rather than the use of interviews or focus groups. However,
conversely, we also cannot rule out the possibility that these domains were deemed weak
because they involved more of these methods. Without access to individual output scores,
or the ability to run an experimental study to establish causality, it is difficult to disentangle
these possibilities further. But notably, our findings are consistent with results from research-
ers who were, as part of a Research England project, given access to the confidential judge-
ments on individual outputs from across the entire REF. Thelwall et al. (2023a) analysed
the titles and abstracts (but not the full texts) of journal articles submitted to all disciplinary
subpanels (not just education) in REF2021, finding that papers which included words asso-
ciated with qualitative research in their abstracts typically received lower quality judgements
than those that did not.

Although we cannot confidently establish the mechanism behind the relationship be-
tween a unit's use of interviews or focus groups and its output GPA, we have robustly
demonstrated the existence of this association. Given this, why did the subpanel assert that
no strong associations between approach and quality were present in their assessments?
One straightforward possibility is that the subpanel was simply not aware of these asso-
ciations: detecting them ‘by eye’ might well be extremely difficult. Perhaps, for example,
these relationships were disguised by the presence of particularly salient counterexamples
(interview-based papers that received 4* assessments and systematic reviews that received
1* assessments). One advantage of the topic modelling approach is that it reveals relation-
ships that may be difficult to detect through other methods. Another possibility is that the
panel were in fact aware of these associations but wanted to avoid strongly influencing sub-
missions to future assessment exercises by drawing attention to them.

Changes over time

We found evidence that the content of submissions to the education subpanel has
changed systematically between the 2008-2014 period and the 2015-2021 period.
Some of these changes are likely to reflect top-down initiatives. For instance, we found
an increase in the number of outputs that analysed large-scale data. This approach to re-
search has been strongly encouraged over the last 15years by the Economic and Social
Research Council (ESRC), the main responsive-mode education funding body in the
United Kingdom. In 2011, the ESRC launched its Secondary Data Analysis Initiative to
‘create opportunities for researchers to exploit existing national datasets’ (ESRC, 2012,
p. 26). This led to a series of regular funding calls that were dedicated to funding re-
search that analysed large-scale secondary data. Similarly, we found an increase in the
prominence of systematic reviews and meta-analyses. This is likely to reflect the influ-
ence of the Pupil Premium Toolkit, launched by the Education Endowment Foundation
and Sutton Trust in 2011 (Higgins et al., 2011). Since then, the Toolkit has had a re-
markable impact on policy and practice: it is used by two-thirds of headteachers in the
United Kingdom and is regularly cited in government policy documents (University of
Durham, 2022). Given this, it is perhaps unsurprising that the wider field has seen in-
creased interest in the use of systematic reviews and meta-analyses.

Other changes between 2014 and 2021 seem harder to explain. For instance, given suc-
cessive governments' emphasis on the importance of improving mathematics education in
the United Kingdom (e.g., Industrial Strategy, 2018), it is surprising that 12% less mathemat-
ics education research was submitted to REF2021 than REF2014. Similarly, the reasons
behind the substantial increase in the amount of education research focused on sports are
not clear.
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Should topic modelling be used to predict REF scores?

We were able to use our REF2021 topic model to predict the output quality scores assigned
to REF2014 submissions. This suggests that there is some degree of between-REF con-
sensus about the construct of research quality. This finding is particularly notable given that
there was relatively little overlap between the membership of the 2014 and 2021 education
subpanels: of the 36 REF2021 subpanel members, only 4 (11%) had served on the REF2014
subpanel. In light of academics' commitment to peer review as the best way of assessing
research quality (e.g., Rowley & Sbaffi, 2018), and given that the correspondence between
our model's predictions and the actual REF2014 was high but far from perfect (cf. Thelwall
et al., 2023b), it seems unlikely that statistical analyses of the sort that we have conducted
here could replace peer review in future REFs. Nevertheless, the fact that our model was
apparently able to successfully give insights into quality judgements made during a different
exercise by a largely different group of reviewers raises the prospect of using our model to
assist with the preparation of future REF submissions. One could use our model to generate
predicted REF scores for candidate outputs, and simply return those with the highest predic-
tions (e.g., our model predicts that the current paper would receive a rating of 3.27 in a future
REF exercise). But would it be sensible to use the model in this way?

One difficulty with this proposal is that, by necessity given the confidential nature of REF
scores, we were only able to predict unit-level output GPAs, not output-level quality judge-
ments. In other words, we used ecological correlations: the correlation between two variables
that are themselves group means (in our case, unit-level output GPAs and the topic weight-
ings of units' composite mean papers). Ecological correlations are often stronger than the
equivalent correlations calculated on individual data (e.g., Hammond, 1973; Robinson, 2009),
and assuming that these two correlations are the same is a mistake known as the ecologi-
cal fallacy. The fallacy can be illustrated by comparing the group-level correlation between
citation counts and REF2014 quality judgements reported by Pride and Knoth (2018) and the
output-level correlation between citation counts and REF2014 quality judgements reported by
Wilsdon et al. (2015) in their REF-commissioned study of whether metrics could replace expert
peer review in the REF. For the education subpanel, Pride and Knoth reported a correlation
of 0.414 between units' mean citation counts and their output GPAs, whereas Wilsdon et al.
found an individual-level correlation of 0.183. An analogous reduction of the 0.658 correlation
we found between predicted REF2014 output GPAs and actual REF2014 output GPAs might
be expected if we were able to conduct our analysis at the output level rather than the unit
level, although we cannot estimate the size of the reduction with any accuracy.

Given the ecological fallacy, we doubt that drawing strong conclusions about individual
outputs on the basis of a model like ours can be justified. Nevertheless, the REF is an as-
sessment of research groups, not of individual research outputs. It is the unit-level scores
that are published and which influence future research funding. Arguably then, it is the
group level, not the output level, that analysts should focus upon. Given this, it is important
that we have demonstrated that our model accurately predicts performance at the group
level (and substantially more so than citation analyses, which we know that at least some
universities did use to inform their REF submission strategies; Manville et al., 2021).

A more defensible approach to using topic modelling in the preparation of REF submis-
sions might be to use a model of the kind we have presented here to assess whether a unit's
internal selection process for a future REF is generating implausibly high or low scores. For
instance, if a unit decided to use peer review to select outputs for REF2029, and if those
internal scores led to a predicted output GPA dramatically different from that predicted by
our topic model, then this might be reason to conduct some additional calibration checks,
perhaps using additional external reviewers. Certainly, our findings suggest that using a
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topic model for this kind of secondary checking purpose is likely to be more useful than
relying on citation metrics.
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ENDNOTE

"Note that where a particular paper was returned by one or more units (where it had coauthors from multiple in-
stitutions), we treated these instances independently. So, there are duplicate instances of certain papers in our
dataset. Because MALLET uses Gibbs sampling (a stochastic process) when fitting topics to data, these duplicate
instances of the same papers should be expected to have very slightly different topic proportions (perhaps in the
third or fourth decimal place).
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