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Abstract

Collaboration is encouraged because it is believed to improve academic

research, supported by indirect evidence in the form of more coauthored arti-

cles being more cited. Nevertheless, this might not reflect quality but increased

self-citations or the “audience effect”: citations from increased awareness

through multiple author networks. We address this with the first science wide

investigation into whether author numbers associate with journal article qual-

ity, using expert peer quality judgments for 122,331 articles from the 2014–20
UK national assessment. Spearman correlations between author numbers and

quality scores show moderately strong positive associations (0.2–0.4) in the

health, life, and physical sciences, but weak or no positive associations in engi-

neering and social sciences, with weak negative/positive or no associations in

various arts and humanities, and a possible negative association for decision

sciences. This gives the first systematic evidence that greater numbers of

authors associates with higher quality journal articles in the majority of acade-

mia outside the arts and humanities, at least for the UK. Positive associations

between team size and citation counts in areas with little association between

team size and quality also show that audience effects or other nonquality fac-

tors account for the higher citation rates of coauthored articles in some fields.

1 | INTRODUCTION

A key factor behind much science policy is encourage-
ment for increased collaboration (Lee & Bozeman, 2005;
Ubfal & Maffioli, 2011). For example, European Union
research funding is often predicated on the participation
of at least three different countries, Marie Curie and Ful-
bright scholarships fund mobility, and large-scale instru-
mentation requires extensive funding and cooperation
(D'ippolito & Rüling, 2019). This policy is underpinned

by historically influential theory arguing that big science
or interdisciplinary collaboration are necessary to address
complex societal challenges (e.g., de Solla Price, 1963;
Gibbons et al., 1994; Ziman, 2000), and the importance of
academic teamwork is recognized by a dedicated research
field about team science (Hall et al., 2018).

The value of collaboration is supported by a substan-
tial body of empirical research showing that articles tend
to be more cited when they have more authors
(e.g., most studies listed in Shen et al., 2021), although
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the science-wide citation advantage of coauthorship
decreased 1900–2011 (Larivière et al., 2015). Neverthe-
less, it has been argued that coauthored articles tend to
be more cited mainly because the additional authors
attract more interest through their personal networks,
particularly when multiple countries are represented
(Deichmann et al., 2020; Ding et al., 2021; Wagner
et al., 2019), rather than coauthored studies tending to be
of better quality. There is also evidence that more coau-
thored articles attract more self-citations (Glänzel &
Thijs, 2004; Lin & Huang, 2012; Shen et al., 2021),
another nonquality link between collaboration and cita-
tion counts. Moreover, solo authorship is valued in the
arts and humanities (e.g., Hansson et al., 2021) so it is
unclear whether coauthorship would have a similar asso-
ciation with quality in all fields. As reviewed below, two
previous partial empirical analyses of the relationship
between coauthorship and research quality
(Bornmann, 2017; Franceschet & Costantini, 2010) have
found weak relationships but robust science wide studies
are needed to give detailed information about disciplin-
ary differences. For research evaluation considerations, it
is also important to assess whether more coauthored arti-
cles tend to be more cited in any fields for reasons that
cannot be explained by the quality of the research pro-
duced, potentially due to nonresearch factors such as the
“audience effect” and self-citations. This knowledge will
help decision makers evaluating the effectiveness of team
science with the aid of citation analysis.

This article reports the first science wide empirical
analysis of the relationship between research quality and
the number of coauthors of journal articles, filling the
gaps identified above. It follows a previous similar study
of mixed output types (Franceschet & Costantini, 2010)
with methodological improvements that undermined the
prior study (see below), a science wide scope, eight times
more outputs, 15 years more recent publications, finer
grained and multiple field classifications (34, 27, and
22 fields rather than 14), and evidence of statistical asso-
ciations that is comparable between fields (correlations
rather than group-based chi square tests). It addresses the
following research questions.

• RQ1: In which fields does coauthorship associate with
higher research quality for journal articles? This is the
major policy-relevant issue because negative answers
for any fields remove one strong part of the case for
funders and research managers to encourage collabo-
ration in them.

• RQ2: What is the overall relationship (i.e., graph shape)
between the number of journal article authors and
research quality? This adds depth to RQ1 by giving
more detailed information than a binary yes/no. For

example, the overall relationship might be U-shaped
(solo authors and large teams write the best articles),
so the overall correlation would be misleading.

• RQ3: In which fields does journal article coauthorship
associate with more citations but not higher research
quality? This would give the strongest evidence yet that
the hypothesized audience effect (including other non-
quality factors associating with citations, such as self-
citations) exists, which would imply that research with
more coauthors has an unfair advantage with citation
indicators in those fields.

2 | BACKGROUND

Scientific collaboration has increased over time, encour-
aged by systemic factors, such as economic policies and
incentives. The choice of collaborators is influenced by
geopolitics, historical factors, shared languages
(Luukkonen et al., 1992). More specifically, coauthorship
tends to be used to acknowledge involvement in a study,
although the nature and extent of contributions varies
between fields (Larivière et al., 2016), and there are
exceptions like ghost and gift authorship (Gülen
et al., 2020). Collaboration does not necessarily lead to
coauthorship of a journal article, but the two are con-
flated here for simplicity. The reasons why researchers
may decide to collaborate include social pleasure, PhD
supervision, junior research visits, funding, and access to
equipment (Katz & Martin, 1997; Melin, 2000; Shen
et al., 2017; Sonnenwald, 2007; Ubfal & Maffioli, 2011).
Researchers may also collaborate to learn from each
other or to provide complementary skills (e.g., statistics
and survey design). Coauthorship may be effectively
mandatory, for research funding or PhD supervision, or
optional, as when two mathematicians take turns to
tackle a problem of shared interest. Thus, coauthorship
covers a range of different phenomena. The question of
whether collaboration is advantageous overall is there-
fore asking whether the contexts in which it is either
advantageous or necessary for high-quality research are
more prevalent than the contexts in which it is disadvan-
tageous or necessary for low-quality research. On this
basis, there can be no overall theory of collaboration
advantages.

2.1 | Coauthorship and citation counts

Positive associations between author numbers and
citation-based indicators have been found in many con-
texts, always grouping all types of coauthorship together,
and this section briefly reviews relevant large-scale
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studies. In general, coauthorship has been found to asso-
ciate with higher citation counts in most contexts ana-
lyzed, but with exceptions covering whole countries,
whole disciplines, and country/discipline combinations.
These could be due to differing combinations of types of
collaboration. For example, the results might be weaker
in countries/fields/eras when collaboration was not
incentivized with funding, was primarily domestic, or
was primarily for PhD research.

For Web of Science articles 2000–2009 in Biology and
Biochemistry, Chemistry, and Social Sciences, there is a
positive correlation between author numbers and citation
counts (Didegah & Thelwall, 2013). For Italian-authored
research 2004–2010, linear regressions revealed a positive
association between the number of authors and article
citations (percentiles within Italy) for all areas examined:
Biology; Biomedical research; Chemistry; Clinical medi-
cine; Earth and space sciences; Economics; Engineering;
Law, political and social sciences; Mathematics; Multidis-
ciplinary sciences; Physics; Psychology (Abramo &
D'Angelo, 2015). The association was strongest in Clinical
Medicine and weakest in Engineering. For South African
papers from 2000, 2003, and 2005, collaborative articles
were more cited than solo articles in most areas of
academia, but the opposite was true in Psychiatry,
Biochemistry, Agriculture, and Material Science
(Sooryamoorthy, 2009). The latter fields are not excep-
tions in other studies. For the nine countries with the
most articles in Scopus, domestic collaborative research
(all authors from the same country) was more cited than
solo research except in Russia (Thelwall & Sud, 2016).
The same study found that collaboration was associated
with more citations in arts and humanities much more
strongly than in business, chemistry, and pharmaceutics.
A larger-scale follow-up study of 10 countries (not includ-
ing Russia) found the weakest association between cita-
tions and author numbers to be in China (Thelwall &
Maflahi, 2020). It also found a general trend for domestic
research to be more cited when it had multiple authors,
although there were exceptions, such as business
research in Germany. International examples of situa-
tions without an association between citations and col-
laboration include finance 1987–1991 (Avkiran, 1997).
Thus, while greater numbers of authors associates with
higher citation rates in most countries and fields, there
are exceptions for unknown reasons.

There are multiple possible causes of collaborative
research tending to be more cited that are unrelated to
quality. One simple factor for which there is some empir-
ical evidence is self-citation: there is a trend for articles
with more authors to attract a higher proportion of self-
citations (Glänzel & Thijs, 2004; Lin & Huang, 2012;
Shen et al., 2021). This increases the possibility that the

coauthored articles might not be higher quality despite
being more cited. Related to this, the “audience effect” is
that each author may bring an “audience” of people that
know them or that are interested in their work, so larger
teams may generate more readers and hence more cita-
tions from a fraction of these. This has also been called
an “advertising factor” (Franceschet & Costantini, 2010).
This seems especially likely for international coauthor-
ship reaching different countries (Lancho Barrantes
et al., 2012; Schmoch & Schubert, 2008; Wagner
et al., 2019) since articles attract disproportionately much
interest from their authors' nations (Thelwall &
Maflahi, 2015). Finally, at a statistical level, the presence
of a few articles from an influential large, highly funded
team (Thelwall, 2020) can induce a positive correlation in
a set of articles that otherwise would not show a trend.

2.2 | Coauthorship and research quality

Research quality is judged during peer review before pub-
lication, national research evaluations, post publication
informal evaluations by readers, and job applications.
Peer review has become the standard method of assessing
the quality of journal articles, particularly prior to publi-
cation (Benos et al., 2007). There are three generally
agreed main components of research quality: rigor, nov-
elty/originality, and significance to science or society
(Langfeldt et al., 2020). These dimensions vary in how
they are assessed between fields (e.g., REF, 2020), despite
being relevant to all.

There are many reasons why articles with a greater
number of authors tend to be better in some aspect of
quality, at least in some disciplines, and some reasons
that point in the opposite direction (Beaver, 2013; Hall
et al., 2018). The greater expertise brought by a team of
people might allow their work to be higher quality
overall—for example because each is a specialist for their
task—or they may be able to tackle more important prob-
lems with larger or more interdisciplinary teams and
more resources (Gibbons et al., 1994). Conversely, collab-
oration could reduce the strength of the weakest link in a
team or the chance of radical discoveries by maverick sci-
entists (Hull, 2010). There is no single cause of the collab-
oration citation advantage because of the variety of
reasons for collaboration, disciplinary differences in
research types, varied incentives to collaborate, and mul-
tiple benefits from collaboration (Van Rijnsoever &
Hessels, 2011).

In some biological (Cantor et al., 2010) and medical
research (e.g., vaccine trials), increasing the sample size
for human subjects research is expensive and complex
because it requires the work of more people to be
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coordinated. Thus, larger-scale studies are both harder to
achieve and more likely to generate positive results.
Other factors being equal, increased research quality
(particularly in terms of significance), can be expected
with larger numbers of coauthors in this case. In contrast,
some arts and humanities work might primarily require
the deep and creative thought of an individual scholar,
who may be skeptical about the value of collaboration
(e.g., as mentioned in Real, 2012; the importance of [usu-
ally solo] monographs in Shaw et al., 2022). Similarly, in
some cases a collaboration might indicate that a senior
scholar had delegated some of the work, such as the liter-
ature review or one experiment, to a junior colleague,
perhaps affecting its quality.

From a different perspective, some research goals,
such as vaccine development (Gilbert & Green, 2021) and
high energy physics experiments (Perkins, 2000), are fun-
damentally big science endeavors that require large-scale
coordination of different specialisms. These are impossi-
ble to conduct on a small scale, so if their outputs are
judged to be high quality—for example as relatively
unique contributions to science—then this alone would
generate a statistical association between team size and
research quality.

Funding is important in many research fields, and a
better funded study might operate on a larger scale, pro-
ducing higher quality, more useful results. If part of the
funding is spent on creating a larger team, then this
would create an association between team size and

quality. Funding in medicine associates with higher rates
of citation, partly because of the larger team sizes of
funded research (Yan et al., 2018).

From yet another perspective, interdisciplinary
research must include a relatively unusual combination
of input methods or expertise (e.g., Wagner et al., 2019)
and therefore seems likely to be judged to have higher
methodological originality and may also be more likely to
generate societal impacts (e.g., Gibbons et al., 1994;
Ignaciuk et al., 2012).

Figure 1 illustrates the complexity of the relationship
between collaboration and research quality, summarizing
some of the above points. While more authors would
bring more expertise and resources, which should
increase research quality, they may also weaken the
weakest link, increase conservatism, and bring coordina-
tion problems, which may detract from research quality.
On the other hand, expensive equipment and large fund-
ing pots might generate large teams and good research
(because better resourced). Also, a better researcher
might produce better research and attract more coau-
thors. For PhD supervision, the research might tend to be
higher or lower quality in some fields, and the PhD stu-
dent may tend to work in fields that are larger or smaller
than the field average, so this relationship may well vary
between fields. The current paper only investigates the
overall relationship between author numbers and publi-
cation quality, but this diagram emphasizes the causal
factors that may underly this relationship.

2.3 | Empirical evidence of relationships
between coauthorship and research quality

Given the complex multiple factors at work, empirical
evidence is needed to identify the fields in which there is
a clear association between collaboration and research
quality. There is limited indirect evidence of this from a
few small-scale studies. For example, an old study found
that articles with more authors were less likely to be
rejected during peer review in a psychology journal
(Presser, 1980). From a different perspective, graduate
library and information science students tended to find
collaborative journal articles more useful for their course
than solo authored journal articles (Finlay et al., 2012),
addressing the significance dimension of quality. Finally,
if journal impact is an acceptable proxy for research qual-
ity, then New Zealand biomedical scientists tend to pro-
duce higher quality research when they collaborate (He
et al., 2009).

Two studies have investigated the relationship
between author numbers and peer reviewed journal arti-
cle quality on a larger scale, neither of which were

FIGURE 1 Some factors that might directly or indirectly

contribute to the relationship between collaboration and research

quality in a field. Blue arrows indicate a positive relationship,

orange negative, and green unknown or variable between fields
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science wide. An analysis of 16,554 biology and medicine
articles from before 2014 found that the (field and year
normalized) citation advantage of collaboration could not
be explained by the quality of collaborative articles, as
judged by F1000Prime (now Faculty Opinions) reviewers.
There was a very weak Spearman correlation (0.09)
between article quality and the number of authors per
paper (Bornmann, 2017). The weak relationship may
have been due to the relatively ad hoc nature of the
reviewing, at least compared to the study below.

A large-scale multidisciplinary study of 15,301 Italian
research outputs 2001–2003 (10,665 journal articles in the
Web of Science used for the citation analysis component,
including few in the arts and humanities: 2 Law articles,
5 for Philological-literary Sciences, Antiquities and Arts,
and 23 for Political and Social Sciences) rated by expert
peer review analyzed 14 out of 20 categories, ignoring six
interdisciplinary fields. It found that outputs of all types
(combined rather than analyzed separately) with more
authors tended to have higher quality ratings in most
fields: Physics; Earth Sciences; Biology, Medical Sciences;
Agricultural Sciences and Veterinary Medicine;
Philological-literary Sciences, Antiquities and Arts; His-
tory, Philosophy, Psychology, and Pedagogy; Economics
and Statistics; and Political and Social Sciences. There
was not a clear positive relationship in a few fields:
Chemistry; Mathematics and Computer Sciences; Civil
Engineering and Architecture; Industrial and Informa-
tion Engineering; and Law (Franceschet &
Costantini, 2010). Unfortunately, one of the four quality
components that reviewers were asked to assess was
“internationalization,” which conflicts with an attempt to
use the results to investigate the relationship between
quality and coauthorship since reviewers may have
regarded international coauthors as evidence of interna-
tionalization, giving higher scores for this. Similar
authorship team sizes were grouped together for this
analysis (e.g., 1, 2, >2 for Mathematics and Computer
Sciences), which may have hidden finer-grained relation-
ships, and only six of the differences were statistically sig-
nificant. Moreover, combining substantially different
output types (e.g., books and journal articles), which
probably have different average quality scores and coau-
thorship team sizes, undermines the validity of the
results. For example, in Law, books may have fewer
authors and higher quality scores than journal articles
because monographs are core to the humanities. Thus,
this study, despite being the largest so far, does not give
strong evidence the relationship between research quality
and team size for journal articles (because this was not
checked directly) or for all output types (because of out-
put mixing effects). Larger-scale studies with more robust
methods and science wide data are needed to give

plausible evidence. More fine-grained classifications are
also needed to reduce the risk that correlations are due to
disciplinary differences in the results (e.g., higher collab-
oration fields tending to produce higher quality scores
than lower collaboration fields that they are mixed with
[or vice versa], as could be the case for the Mathematics
and Computer Science category).

3 | METHODS

3.1 | Data

We obtained provisional quality scores for 148,977 jour-
nal articles submitted to the UK REF2021 from the REF
team under a confidentiality agreement as part of a
research contract in March 2022, excluding submissions
from the University of Wolverhampton for privacy rea-
sons. REF journal articles must be primary research
rather than reviews and are the self-selected best 1–5 out-
puts of all active UK researchers first published between
2014 and 2020. We were not given information about the
other output types submitted by researchers (e.g., books,
software, performances). The data includes scores on a
4-point scale for overall quality: 1*, 2*, 3*, or 4*. Articles
were scored 0 if they did not qualify for review or were
judged not to be research. The scores are allocated by
34 subpanels of 1,000+ mostly senior subject experts
(listed here: REF2021, 2021b), usually with at least two
per output. Subpanels met for quality control purposes
and evaluators were given 17 pages of guidelines about
how to evaluate the quality of the research overall and in
their area (REF, 2020, pp. 34–51). In addition, there was
preliminary training, and substantial norm-referencing
within and between UoAs. Based on REF2014 data and
inflation, the output scoring in REF2021 may have cost
£20.6 million (12% Bank of England cumulative inflation
added to £18.4 million for REF2014 based on 40%
(Figure 5) of the REF2014 output assessment £46 million
cost [p. 8]: Technopolis, 2015), underlining the care given
to the quality scoring. Nevertheless, the scores are imper-
fect because the panel members do not cover all aca-
demic specialties.

We discarded all 318 articles with score 0 since at
least some were high-quality articles that had been
judged out of scope for authorship reasons or type rea-
sons (judged to be a review). The remaining articles
included many duplicates: articles submitted by multiple
authors. We eliminated these duplicates separately
within each analysis unit (UoA or main panel), retaining
the median score when an article had been given differ-
ent scores within the unit analyzed (chosen at random
when there were two medians).

THELWALL ET AL. 5
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We matched the REF articles with Scopus articles
published 2014–20 primarily by DOI but also by title and
authors for additional matching (similar to
Bornmann, 2017), with human checks of these additional
results, giving 997 new matches. We discarded non-
matching REF articles. We used the Scopus matches to
record the number of authors for each article, as listed in
Scopus, and for the Scopus broad fields of each article.
Scopus assigns articles to broad fields usually based on
the publishing journal. When a journal was assigned to
multiple fields then all its articles were also assigned to
all those fields. This produced 122,331 REF papers scor-
ing 1* to 4* and matching a Scopus record 2014–20.

We also searched for the 122,331 articles that
matched with Scopus in the scholarly search engine
Dimensions.ai (Hook et al., 2018) through DOIs,
although it was not practical to also check by title for the
missing articles. All articles for Dimensions.ai also had to
be in Scopus to use the Scopus author counts, which
seemed to be the most reliable. This restriction is not a
major problem because Dimensions indexes 84% of Sco-
pus (Martín-Martín et al., 2021). We used the Dimensions
records only for its top-level Field Of Research (FOR)
codes, which are assigned to articles on an individual
basis (Dimensions.ai, 2021), with each article typically
assigned multiple broad and/or narrow codes. We
excluded articles that had not been assigned a FOR code
(because the Dimensions field classification AI software
had not reached its probability threshold).

After these processing steps, there were 134,801 arti-
cles in Dimensions broad fields, multiply counting arti-
cles with more than one broad FOR code, 122,331 articles
in UoAs, multiply counting articles submitted by authors
to more than one UoAs, and 201,635 articles in Scopus,
multiply counting articles in more than one Scopus broad
field.

For the second research question, we obtained raw
Scopus citation counts for all the articles analyzed from
January 2021 but these would not be appropriate for
comparisons because (a) the data is from multiple years
and (b) UoAs combine multiple fields. Thus, we trans-
formed the citation counts into field normalized scores,
the Normalized Log-transformed Citation Score (NLCS)
(Thelwall, 2017). For this, we first log transformed all
citation counts with ln(1 � x) to reduce skewing and
support the calculation of more precise averages. Next,
we calculated the average log-transformed citation
count for every Scopus narrow field and year
(326 fields � 7 years = 2,282 averages, with some empty
field/year combinations), based on all standard journal
articles, not just the REF2021 articles. We then calcu-
lated the NLCS for each article as its log-transformed
citation count ln(1 + x) divided by the average for its

field and year. Articles in multiple fields were divided
by the average of the averages for each of the fields
instead. The NLCS for each article is 1 if the article
had the average number of citations for all articles in
its field(s). Scores greater than one indicate above aver-
age citation impact and scores below one indicate
below average citation impact, irrespective of field(s)
and year. By design, is fair to compare NLCSs for arti-
cles in different fields and years since each NLCS calcu-
lation is norm referenced only against its field(s)
and year.

We included the Scopus citation counts for all years
(rather than excluding the most recent years to give a
citation window of 2–3 years). This was done so that the
dataset for citations matched the dataset for quality in
terms of articles and for confidence interval width calcu-
lations. This has the undesirable side-effect that some
articles would have a citation window as short as a
month, although the average would be 3.5 years. This
adds noise to the data rather than systematic bias, how-
ever, and the amount of noise is reduced by the use of
the log-based NLCS citation indicator. Moreover, the
effective citation window will have been increased by
early online publication for many, since the REF man-
dates open access publication as soon as possible and
within three months of initial acceptance, unless an
exception applies.

3.2 | Analysis

We assessed the relationship between the number of
authors and the quality of an article (1* to 4*) using
Spearman correlations. This approach was used instead
of regression to investigate the overall pattern rather than
the contribution of coauthorship relative to other factors
or the effect of different types of collaboration. We log
transformed author numbers with ln(1 + x) and Pearson
correlations were also used with the log-transformed
data. Pearson correlations are more problematic because
the 4-point REF scoring system is an ordered set of quali-
tative categories rather than a scale. The results of the
two types of correlation were similar so we only report
the Spearman correlations for simplicity. 95% confidence
intervals were calculated using the Fisher (1915)
transformation.

We calculated the same correlations for author
numbers and citation counts. The two sets of Spear-
man correlations are not directly comparable because
of the large difference in granularity between NLCS
and quality scores, which affects the magnitude of a
correlation for a similar underlying relationship
strength (Thelwall, 2016).

6 THELWALL ET AL.
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4 | RESULTS

4.1 | RQ1: Author counts and REF2021
quality scores

At the level of the Units of Assessment (UoAs) in which
research outputs were evaluated in REF2021, there are
statistically significant moderate positive correlations
(0.2–0.4) between author counts and research quality in
all health, life, and physical sciences (Figure 2). There are
also moderate correlations (above 0.2) in two social sci-
ences: Archaeology, and Sport, Exercise Sciences, Lei-
sure, and Tourism (possibly party due to the inclusion of
medical topics within sports research). The confidence
intervals tend to be quite wide for the other fields, but
most social science, arts and humanities areas have weak
correlations or possibly no correlation between

coauthorship and research quality. The data is consistent
with some humanities areas having weak negative associ-
ations between coauthorship and research quality, but
the confidence intervals for the negative correlations all
include 0 (marginally for UoA 32).

When Scopus broad fields are used for the correla-
tions instead of REF UoAs, the pattern is similar
(Figure 3) but there is evidence of a negative association
between coauthorship and research quality in Decision
Sciences. This broad field includes three quite diverse
subfields: Information Systems and Management; Man-
agement Science and Operations Research; and Statistics,
Probability and Uncertainty. It is possible that the nega-
tive association is due to one of these fields tending to
score higher in the REF (e.g., due to one large strong
department) and tending not to coauthor. The correlation
is statistically significantly positive for the Arts and

FIGURE 2 Spearman

correlation between REF quality

score and number of authors, as

recorded in Scopus, for REF2021

articles published 2014–20, by
UoA or Main Panel. Main

panels include all articles in

their UoAs, after eliminating

duplicates
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Humanities, but this is not strong evidence because the
set may include articles from other fields that are addi-
tionally classified as Arts and Humanities (e.g., electronic
music technology research). Because of these caveats, the
Scopus results do not contradict the REF UoA results,
and make the additional tentative suggestion of a nega-
tive association in Decision Sciences, at least as defined
by Scopus.

When using the Dimensions FOR codes, the results
are broadly consistent with the previous two graphs
(Figure 4) and do not give additional insights. All correla-
tions are either positive or include zero in their confidence
intervals, with a mix of positive (FOR code 18) and nega-
tive (19 and 22) correlations in the arts and humanities.

Of the three classification schemes, the maximum
correlation is stronger for UoAs (0.39) than for Scopus
(0.31) and Dimensions (0.29). Since the UoA scheme is
the finest-grained and author led, it is possibly the most
accurate and hence the most reliable even though it is

certainly imperfect. The higher maximum correlations
support this because the norm referencing in the REF
and its large size mean that combining fields would not
tend to inflate correlations by grouping low scoring low
authorship fields with high scoring high authorship fields
because there should not be major differences between
fields in scores (although there are in the arts and
humanities book-based subjects because low article
scores can be offset by high monograph scores). Thus, the
UoA graph seems to be the most reliable, but the Scopus
decision sciences negative correlation finding is an addi-
tional result.

4.2 | RQ2: Author numbers and research
quality

The underlying shape of the relationship between the
number of authors and the REF quality score of articles

FIGURE 3 Spearman

correlation between REF quality

score and number of authors, as

recorded in Scopus, for REF2021

articles published 2014–20, by
Scopus broad field (grouped by

top level field)
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is approximately logarithmic for fields with a positive cor-
relation, as is clear for most of UoAs 1 to 12 and consis-
tent with the rest (Figure 5). Most importantly, there is a
broadly monotone increasing shape in all cases where
the 95% confidence interval excludes zero except possibly
UoA 12 Engineering and (although with small sample
sizes) UoAs 19, 21, 23, 27 (the largest teams possibly
lower quality than medium teams). With these main
exceptions, the data suggests that increasing team size is
an almost universal advantage in the fields for which the
correlation is positive.

Uniquely, the U-shape for UoA 32 (negative correla-
tion with 0 at the limit of the confidence interval) sug-
gests that single author research is valued in UoA 32 Art
and Design, as is common in the arts and humanities.
Solo research in UoA 14 Geography (Figure 6) may also
be more valued than small team research, however,
although the difference is small. The UoA 32 U-shape
also raises the possibility that the mixed correlation signs

(positive and negative) in the humanities may therefore
be side effect of the proportions of articles with the differ-
ent numbers of authors.

4.3 | RQ3: Author counts and field
normalized citation counts

In contrast to the situation for REF quality scores, for the
same set of articles there is a statistically significant posi-
tive correlation between the number of authors and the
field normalized citation score for all UoAs (Figure 6).
This suggests that the association between authorship
and citations is universal.

For one UoA (32) the 95% confidence interval for the
correlation between author numbers and research quality
(Figure 2) excludes positive values and the 95% confi-
dence interval for the correlation between author num-
bers and citation rate (Figure 7) is exclusively positive.

FIGURE 4 Spearman

correlation between REF quality

score and number of authors, as

recorded in Scopus, for REF2021

articles published 2014–20, by
Dimensions FOR code
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Thus, for UoA 32 there is statistical evidence that
increased coauthorship does not associate with increased
quality but does associate with increased citations, sup-
porting an audience effect in this case. The fact that the

correlations are statistically significantly positive in all
UoAs in Figure 7 and are sometimes negative in Figure 2
and are often close to zero also gives additional collective
evidence that it is possible for increased citations to

FIGURE 5 Average REF quality score against number of authors, as recorded in Scopus, for REF2021 articles published 2014–20, for
UoAs 1–12. Authors are bucketed into groups of at least 25, with the right-hand value containing the all larger teams and the x axis value

being the minimum in the group (e.g., the value at 60 for UoA 12 includes all papers with at least 60 authors). For convenience, colors

indicate whether the right-hand x axis value is 100 or not. Y axis scales are redacted due to an abundance of caution with data security
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associate with more authors irrespective of article quality
(i.e., possible audience effects). The situation is confirmed
for Scopus broad fields (Figure 8), except in the case of
Veterinary, possibly due to its small sample size.

With the Dimensions FOR codes, there are some
areas of the humanities (18, 19, 22, some of 20, 21) where
collaboration has quite a strong association with Scopus
citation counts (Figure 9), even though there is little or

FIGURE 6 Average REF quality score against number of authors, as recorded in Scopus, for REF2021 articles published 2014–20, for
UoAs 13–34 where the 95% confidence interval for the correlation excludes 0. Authors are bucketed into groups of at least 25, with the right

hand value containing the all larger teams and the x axis value being the minimum in the group. Y axis scales are redacted due to an

abundance of caution with data security
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no association between collaboration and research qual-
ity for the same categories (Figure 5). This gives addi-
tional evidence for the audience effect from this different
perspective.

The underlying shape of the relationship between the
number of authors and field normalized citation counts
NLCS tends to be very approximately linear for most UoAs
with enough data to show a shape, but approximately loga-
rithmic for UoA 2 (Figures 10–12). Most importantly, the
shapes are broadly monotonically increasing, with the
exceptions being based on little data, such as the decreasing
citation rate for the largest team size in UoA 26. Monotoni-
cally increasing citation rates are consistent with the audi-
ence effect and the fact that the shapes are more linear than
logarithmic is also consistent with the audience effect
because each additional author potentially brings a new

audience, irrespective of how many other authors there are.
In contrast, the logarithmic shape suggests that beyond a
certain number of authors, additional collaboration is not
useful. Of course, this is a simplification because large team
research might involve groups of researchers from different
institutions, perhaps often including junior researchers with
little “audience” of their own. The UoA 2 exception (seem-
ing to peak in average citation rate after about 20 authors)
might be due to complicating factors like this, however.

The logarithmic shapes in the quality versus authors
Figure 5 compared to the linear shapes in most of
Figure 10 suggest, but do not prove, that additional
authors associate with the biggest improvements in
research quality for smaller team sizes (e.g., adding a sec-
ond author would predict a much bigger quality increase
than adding a 50th author) but that there is no equivalent

FIGURE 7 Spearman

correlation between field

normalized Scopus citation

count and number of authors, as

recorded in Scopus, for REF2021

articles published 2014–20, by
UoA or Main Panel. Main

panels include all articles in

their UoAs, after eliminating

duplicates
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size effect for citation impact. This shape difference is
therefore another source of evidence for the existence of
an audience effect, at least in medicine, health, physical
and life sciences.

UoA 32 Art and Design: History, Practice and Theory
gives perhaps the clearest evidence that in some contexts
the audience effect outweighs the quality effect. For this
UoA, solo research is the least cited (Figure 12) but has a
substantial quality advantage over papers with 2–6
authors (Figure 6).

5 | DISCUSSION

The results are limited by the UK focus. Although interna-
tional articles are included, at least one author must have
had a UK affiliation (in July 2020). Coauthorship has inter-
national differences in relationships with citations
(Thelwall & Maflahi, 2020), so it is possible that different

relationships between quality and author numbers might be
found in some countries or for domestic research. The data is
also self-selected to be the highest quality outputs of UK aca-
demics, which probably reduces the strength of the correla-
tions found, due to relatively few articles having low scores.
Similarly, the relatively coarse-grained quality scheme limits
the practical possibility of obtaining high correlations. The
results also reveal nothing about review articles, books, and
other research outputs. It seems possible, for example, that
reviewers would usually consider solo humanities mono-
graphs to be better than collaborative books.

5.1 | RQ1: Author counts and REF2021
quality scores

Our results disagree with a previous study using a differ-
ent method (Bornmann, 2017) and partly agree with the
similar prior study of mixed output types (Franceschet &

FIGURE 8 Spearman

correlation between field

normalized Scopus citation

count and number of authors, as

recorded in Scopus, for REF2021

articles published 2014–20, by
Scopus broad field (grouped by

top level field)
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Costantini, 2010), in terms of approximately matching
UoAs to the Italian field groupings, but our results show
a clear positive relationship between author numbers and
research quality in areas related to the Italian categories
of Chemistry, Mathematics and Computer Science
(although very weak), Civil Engineering and Architec-
ture, and Industrial and Information Engineering. Never-
theless, there was little or no relationship between author
numbers and research quality for Law in both the UK
and Italy (recall that the Italian data is mainly based on
nonjournal outputs for Law).

The correlation results do not prove a cause-and-
effect relationship in the sense that adding extra mem-
bers to a team for the same research would tend to
improve its quality. There are many alternative expla-
nations, as summarized in the top half of Figure 1.
For example, team leaders with a track record of high-
quality research may be funded to attract more collab-
orators. The diversity of types of research within all

the categories reported above (e.g., theoretical vs
empirical; different topics; different methods), make it
impossible to find a clear explanation for the relation-
ships found.

Cause-and-effect relationships are also plausible, as
summarized in the bottom half of Figure 1. For example,
in empirical areas in the health domain, larger numbers
of coauthors may reflect either larger-scale studies (more
data collection centers) or more complex analyses (more
methods), which would tend to produce more powerful
findings. In contrast, in arts and humanities and some
social science topics, teams may often represent mentor/
mentee relationships or groups of colleagues with a com-
mon interest and similar expertise topics rather than
tending to enable more powerful analyses. Since funding
encourages collaboration (Davies et al., 2022), successful
researchers in areas with less project-based funding may
also prefer to work alone and may not need teams of peo-
ple to help their research process.

FIGURE 9 Spearman

correlation between field

normalized Scopus citation

count and number of authors, as

recorded in Scopus, for REF2021

articles published 2014–20, by
Dimensions FOR code
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5.2 | RQ2: Author numbers and research
quality

The shape of the relationship between research quality
and author numbers has not been assessed before and is
therefore a new finding. Although the scale and partly
the shape is dependent on the REF scoring system, the

monotone increasing shape suggests that the positive cor-
relations from RQ1 reflect a general increasing tendency
rather than, for example, a U-shaped graph indicating
that moderate numbers of authors are the least desirable
or an inverted U shape indicating that moderate numbers
of authors are the most desirable. Thus, the correlations
can be given their natural interpretation.

FIGURE 10 Average field and year normalized citation score (NLCS) against number of authors, as recorded in Scopus, for REF2021

articles published 2014–20, for UoA 1–12
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5.3 | RQ3: Author counts and field
normalized citation counts

The evidence of moderate positive correlations between
author numbers and citations in some fields for which
there are little, no, or negative correlations between author
numbers and article quality shows that nonquality factors

must be the cause of increased citations for larger team
papers in some fields. This is supported by the slightly dif-
ferent shapes in the relationships between author numbers
and citations or quality scores, even in fields for which
both correlations are positive. The previously hypothesized
audience effects are plausible, and the results suggest that
they are more important than quality in some fields and

FIGURE 11 Average field and year normalized citation score (NLCS) against number of authors, as recorded in Scopus, for REF2021

articles published 2014–20, for UoA 13–24
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the reverse—or possibly irrelevant—in others. Neverthe-
less, the results may also be due to nonaudience, nonqual-
ity factors, such as a possible tendency for authors to
collaborate more on more citable topics and self-citations.
In any case, in these fields where coauthorship associates
with citations but not quality, coauthored research has an
unfair advantage with citation-based indicators.

6 | CONCLUSION

The results show, for the first time, the strength of associ-
ation between team size and research quality across all
areas of science for nonreview journal articles, albeit with
a UK focus. They give clear evidence of larger teams asso-
ciating moderately with higher quality research, as

FIGURE 12 Average field and year normalized citation score (NLCS) against number of authors, as recorded in Scopus, for REF2021

articles published 2014–20, for UoA 25–34
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judged by careful consideration from REF field experts,
in the health, life, and physical sciences. They show that
weak positive associations are present for engineering,
and many social sciences, but that there is little or no
association in the arts and humanities. There is also evi-
dence of a negative association in decision sciences. Pol-
icy makers, research funders and research managers
might take these findings into account when deciding
how strongly to promote collaborative research, although
there are also relevant political and other considerations.

The results also show that factors other than article
quality are needed to explain the tendency for articles
with more authors to be more cited in some fields. This is
the first statistical evidence that the audience effect
(or other nonquality factors) exists independently of
research quality. A possible explanation is that more
authors attract greater attention to research in some
fields or increased self-citation from larger teams. In the
fields where this is relevant, citation-based indicators give
an advantage to more coauthored research, which should
be considered in research evaluations, if possible.

Of course, the results do not prove that all types of
collaboration are beneficial or reveal which types are
beneficial. Thus, they are not useful for individual deci-
sions about whether to add extra scholars to a team or
whether it would be beneficial to create a larger group
for a study. They also do not address the issue of research
productivity.

In terms of policy relevance, although the results do
not prove cause-and-effect, they tend to confirm the
importance of collaboration in the health, life, and physi-
cal sciences, which should reassure funders that mandate
team formation or that encourage larger consortium bids.
They also suggest that in engineering, the social sciences,
a more cautious approach should be taken because high-
quality research is almost as likely to be conducted by
smaller and larger groups of coauthors. It would be a
shame to provide strong collaboration incentives to
researchers when there is little benefit because this might
reduce research diversity and restrict the opportunities
for researchers to investigate topics that do not need
extensive teamwork. In the decision sciences and arts
and humanities, funders and managers should think very
carefully before incentivizing collaboration, however,
and should avoid using citation data to support any argu-
ments for its value.
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