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ABSTRACT

For a long time, citation counts have been used to measure scientific impact or quality. Do such
measures align with researchers’ assessments of the quality of their work? In this study, we
address this issue by decomposing the research quality concept into constituent parts and
analyzing their correspondence with citation measures. The focus is on individual publications,
their citation counts and how the publications are rated by the authors themselves along quality
dimensions. Overall, the study shows a statistically significant relationship for all dimensions
analyzed: solidity, novelty/originality, scientific importance and societal impact. The highest
correlation is found for scientific importance. However, it is not very strong, but we find distinct
gradients when publications are grouped by quality scores. This means that the higher the
researchers rate their work, the more they are cited. The results suggest that citation metrics
have low reliability as indicators at the level of individual articles, but at aggregated levels, the
validity is higher, at least according to how authors perceive quality.

1. INTRODUCTION

Citation data are widely used in the context of research evaluation and performance assess-
ments (Wilsdon, Allen et al., 2015). How often a publication is cited in the research literature
is seen as a sign of its valuation as a scientific contribution. The citation counts of individual
publications constitute the basis for measuring performance at various levels in the research
system, such as individual authors, research groups, departments, and institutions. The idea
that citation numbers can be used as a proxy for research quality dates back a long time (Cole
& Cole, 1971). Today, citations are still claimed to reflect research quality (Caon, Trapp, &
Baldock, 2020), although most bibliometric professionals would probably adhere to the view
that citations reflect scientific impact rather than quality.

A recent literature review examined the relationship between research quality and citation
indicators (Aksnes, Langfeldt, & Wouters, 2019). The point of departure is the multidimen-
sional character of the research quality concept, where plausibility/reliability, originality,
scientific value, and societal value are seen as key characteristics. In Polanyi’s original elab-
orations (1962), the merit of a scientific contribution relates to the three first dimensions, but
societal value has been added by other scholars (Lamont, 2009; Weinberg, 1963). These key
distinctions of research quality reappear in many later empirical studies (Langfeldt, Nedeva
et al., 2020). Plausibility/reliability may refer to the solidity of empirical evidence, the sound-
ness of the results, and their reliability; originality to providing new knowledge and innovative
research; scientific value to the contribution to research progress and importance for other
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research; and societal value to the usefulness for society. Although a multitude of other notions
and aspects of research quality have been suggested, these can generally be regarded as spe-
cific cases of the four dimensions ( ).

The review by argues that citations, to some extent, indicate scientific
impact and relevance, but there is little evidence of citations reflecting other key dimensions of
research quality described above. The latter conclusion was based on an examination of the
literature, showing that studies addressing the issue empirically are lacking.

The lack of previous studies addressing this issue is the motivation for the current paper. The
aim is to provide further knowledge on the extent to which citations reflect the various dimen-
sions of research quality. The focus is on individual publications, their citation counts, and
how the publications are rated by the authors themselves along quality dimensions. Specifi-
cally, the following research questions are addressed:

e To what extent do citation metrics of publications correspond with the authors’ self-
assessments of research quality dimensions: novelty/originality, solidity, scientific impor-
tance, and societal impact?

® As a subordinate issue: To what extent does the relationship differ by type of research
contribution (theoretical, empirical, methodological and reviews) and by research field?

The latter questions have been added because previous research has shown that citation
patterns differ across types of contributions. Review articles are particularly known to be, on
average, more frequently cited than ordinary articles ( ;

). Moreover, some of the world’s most highly cited publications are method
papers ( ; ). Less is known about the citation scores of other
types of contributions. However, a study by showed relatively small differences
in citations to theoretical, methodological, and empirical contributions. The field dimension is
also important. Not only do citation patterns differ significantly across fields, but there are also
large variations in the coverage of the scientific and scholarly literature in bibliometric data-
bases ( ; ). This limitation particularly affects
the humanities field as well as many social sciences disciplines, presumably affecting the
validity of citation measures in performance analyses in these disciplines. Accordingly, it
has been recommended that citation analyses be applied with caution in these areas (

; ). Therefore, our analysis will specifically address how
correspondence differs across fields.

Considering the frequent use of citations and other publication-based metrics for research
evaluation purposes, hiring, and funding ( ), the research
questions of our study are important and should be paid attention to. Many studies have
addressed similar research questions, comparing citation measures with external benchmarks
(e.g., peer reviews). The results are typically interpreted within a validation framework, mean-
ing that if citation indictors can legitimately be used as performance measures, there should be
a certain congruity with peer assessments. For example, analyzed the British
national research evaluation (Research Assessment Exercise [REF]) and compared universities’
REF scores with the number of citations, reporting a very high correlation (0.97). However, the
degree of correspondence identified differs significantly across individual studies and gener-
ally tends to be moderate and far from perfect ( ; ).

In an examination of the lack of consistency in previous REF-based comparative assess-
ments, emphasized that the results will differ according to the level
of aggregation studied, from individual publications to aggregated levels, such as institutions.
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In this study, we focus on the lowest level of aggregation: individual publications. At this
level, previous studies seem to have found rather low correspondence. One of the most com-
prehensive studies is the one carried out for the Metric Tide report ( ) on
how REF 2014 quality scores correlated with metrics (

). Here, the REF quality scores were based on peer assessments of the
originality, significance, and rigor of the publications. A variety of indicators were examined,
but none obtained a higher correlation coefficient (Spearman’s) than 0.34. Similarly, a recent
study of bibliometric indicators and peer reviews of the Italian research assessment showed
weak correspondence at the level of individual articles (

), concluding that metrics should not replace peer reviews at the level of individual arti-
cles. This was based on a combined index in which the number of citations and journal impact
factors were used. Other examples include a study analyzing articles that were singled out in
Mathematical Reviews as being especially important ( ). Of these,
17% were highly cited (among the top 1% cited papers). Articles that have been recom-
mended as important in biomedicine by the Faculty of 1,000 (a publication peer-review service
for biological and medical research) have also been shown to correlate with citations, but only
weakly ( ). analyzed chemistry articles
and found that peer assessments of importance and significance differed considerably from
citation-based measurements. Older studies of individual articles with similar findings include

and , but there are also studies that have concluded
differently. found that papers ranked by elite scientists as their
best were also among the most highly cited. Similarly, an examination of award-winning
papers in economics showed that these papers had a significantly higher number of citations
than ordinary papers ( ).

The large variety in the observed degree of correspondence in previous comparative studies
may not be surprising. Not only is research quality a multidimensional concept, but peer eval-
uations also often include assessments of factors besides quality. Thus, the foundation for sim-
ple comparative assessments may be weak or lacking. Moreover, many citation indicators
exist, and the results may depend on the type of indicator selected. Finally, peer assessments
are uncertain and fallible ( ; ).

Against this background, we believe there is a need for more studies that address the topic
in a simpler and more transparent manner. In our view, a problem or limitation with many
previous studies is that the multidimensional character of research quality is not taken into
account. This paper expands the perspective by decomposing the concept, making it evident
which research performance or quality dimensions are compared with citation metrics.

In the study, we rely on authors’ self-assessments of their papers’ quality dimensions, which
is an approach also adopted in several previous studies ( ; ;
). Still, there are pros and cons to such a methodology. A main advantage is that the
authors have thorough knowledge of the content of the publication, the research reported,
and the field. However, their views may be regarded as more subjective than those of their
peers. For example, one might expect certain psychological mechanisms at play, such as the
Dunning-Kruger effect ( ), which states that people overestimate their
own abilities but where the effect is reversed for highly skilled individuals. At the same time,
there are also limitations to alternative approaches that rely on peer assessments. As noted
above, these are fallible, and the agreement between different reviewers has been shown to
be very low ( ), meaning that there is no objective yardstick to which
citations can be validated as indicators.
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2. DATA AND METHODS

2.1. Study Design and Questionnaire

Citation distributions are skewed at the level of individual authors ( ). A large num-
ber of published articles are little cited or not at all. Rather than selecting a random set of
publications and authors, which would be dominated by less-cited publications, we designed
a method for which contributions from a wide citation spectrum would be well represented.
Specifically, this means that we divided the publications into three categories:

Highly cited publications (within the top 10 percentile rank)
Publications with intermediate number of citations (within the top 10-50 percentile
rank)

® Less-cited publications (within the bottom 50-100 percentile rank)

We then preselected individuals who had published at least one article in each of the
groups during the period analyzed and where they appeared as either the first or last author.
The latter criterion was added because we would like to include publications in which the
authors had contributed in key roles. Usually, this is indicated by first authorship (main con-
tributor) or last authorship (principal investigator), although this rule does not always hold, as
alphabetical author listing is common in some fields ( ).

Furthermore, the study was limited to scientists affiliated with institutions in Norway. One
might ask whether this specific national delimitation has relevance when interpreting the
results. On the one hand, the attributes of research quality analyzed are thought to be universal
in the way that they transcend specific field or national delimitations. On the other hand, these

attributes might still be given different content in different contexts ( ).
Researchers’ perceptions of quality may also be influenced by national research evaluation
systems ( ). Still, we do not think national peculiarities should be

given much emphasis when interpreting the results. A large majority of the publications also
have coauthors from other countries and do not therefore represent “domestic” Norwegian
research.

What should be emphasized is that the investigation is not based on a random selection of
individuals. The survey is biased in favor of scientists who have published highly cited papers,
have key roles in research, and are reasonably productive. In practice, this means that the
survey is dominated by experienced scientists, often in full-professor positions.

A questionnaire was designed in which the authors were asked questions about three of
their publications, one randomly selected from each of the citation categories described
above. The respondents were not informed about this strategy, as their responses should not
be influenced by knowing the citation-based selection procedure. We therefore simply asked
them to rate three of their papers that had been randomly selected.

The questions were identical for all papers. Specific questions were included for each of
the different quality dimensions, in addition to a general question on the type of contribution.
We also included a question on groundbreaking research, as this has been claimed to be

associated with highly cited publications ( ). An overview is pro-
vided in
As can be seen from , the various research quality dimensions were operationalized

only to some extent in the survey, leaving some room for the respondents’ own interpretations.
The operationalization is based on an examination of the relevant literature on research
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Table 1.  Overview of questions and answer alternatives

Questions Answer alternatives

Please characterize the main contribution(s) from these articles Theoretical-Empirical — Methodological-Review—
Cannot say/Not relevant

How do you regard the novelty/originality of the research reported in these 1 (low)-2-3-4-5 (high)-Cannot say/Not relevant

articles (e.g., of in terms of topic addressed, research question,

methodology and results)?

How do you regard the solidity of the research reported in these articles
(i.e., validity and certainty/reliability of the methods and results

reported)?

How do you regard the scientific importance of the research reported in
these articles (e.g., in terms of new discoveries/findings, theoretical
developments and new analytic techniques)?

As far as you know, has the research/results presented in these articles had Yes—No-Don’t know
any societal impact (i.e., effect on, change or benefit to the economy,
society, culture, public policy or services, health, the environment, or

quality of life, beyond academia)?

Would you consider your article as ‘groundbreaking research’?

Quantitative Science Studies

quality and research evaluations; specifically, the one on societal impact relies on the defini-
tion applied in REF (Savov et al., 2020).

2.2. Bibliometric Data, Indicators and Analyses

The study relies on two bibliometric databases. The first is the Norwegian publication data-
base, Cristin, which contains complete data on the scientific and scholarly publication output
of Norwegian researchers (Sivertsen, 2018). From this database, the publication outputs of
individual researchers can easily be identified. The second is the Web of Science (WoS) data-
base, which has been used to retrieve citation data. The two databases were coupled through a
joint identity key. We applied a local version of WoS maintained by the Norwegian Agency for
Shared Services in Education and Research. Thus, the study is limited to articles that have been
indexed in WoS.

We identified the publication output of all Norwegian researchers (covering higher educa-
tion institutions, hospitals, and independent research institutes) for the period 2015-2018. We
did not include more recent publications, as we required a citation window of at least three
years. Moreover, we did not include older publications, as the memory of the respondents may
be more limited when going back in time.

Only publication items classified as regular articles in WoS were included. We excluded
review articles (because the survey focused on the characteristics of original or primary
research) as well as minor items, such as editorials and letters. Nevertheless, we preserved
the review category in the questionnaire because the WoS item classification system is known
to be inaccurate (Donner, 2017).

Two types of citation indicators were used. First, we used the normalized citation index
(MNCS), where the citation numbers of each publication are normalized by subject field, arti-
cle type and year (Waltman & Van Eck, 2013), thus allowing publications from different fields
and years to be compared on equal grounds. Second, we used the citation percentile, ranging
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from 0 to 100%. This is an indicator showing the articles’ position within the citation distribu-
tion of their field ( ), also taking into account their publication year
and article type. Thereby, we cover the two most commonly applied indicators in citation
studies in which the percentile-based indicator seems to be increasingly preferred due to its
mathematical properties and insensitivity to outliers ( ;

).

The survey results are combined with data on the percentile category of the publications
through descriptive bivariate analyses. In this way, we used a binning approach. Although this
implies the loss of some information, it simplifies the analyses and the visual interpretation of
the results. The most common approach in previous similar studies is correlation analysis (see,
for example, ; ; ). In this study, we
carried out supplementary analyses using Pearson’s correlation coefficient in the case of the
percentile citation indicator and Spearman’s rank correlation coefficient in the case of the
MNCS. Spearman’s test was used in the latter case due to the lack of normally distributed data.
Thus, the strength of the relationship between a ranking derived from the MNCS indicator and
author ratings is analyzed.

2.3. The Survey

The survey was distributed in January 2022 using SurveyXact software. Questionnaires were
sent out to a sample of 1,250 researchers based on the criteria described above. The response
rate was 47%, and the final sample consisted of 592 individuals, each with three publications
included. The study, therefore, encompasses assessments of almost 1,800 publications.

shows how the respondents are distributed by scientific domain and gender. In
total, 180 women (30.4%) and 412 men (69.6%) participated in the survey. Medicine and
Health is the largest domain (43.4%), and there were few participants from the Humanities
(4.6%). This is due to the publication patterns of the Humanities, where only a small part of
the publication output is indexed in WoS ( ). We acknowledge that the
number of respondents from Humanities is low. The results in this domain should accordingly
be treated with caution (especially as many researchers do not publish in WoS-indexed jour-
nals, but rather in national language journals and in books). The field classification applied in
the study relies on the system of the Cristin database ( ), where each publication
is assigned field categories and several researchers have publications in two (and even three)
domains. In , they are listed according to the majority principle.

Data on the birth years of the researchers (not shown in tables) show that the average ages
of the male and female respondents are 56.8 years and 54.7 years, respectively. Thus, we are
dealing with an experienced group of researchers, which is also evident from the figures on the

Table 2.  Distribution of respondents by scientific domain and gender

Scientific field Women Men Total % Women % Men % Total
Humanities 10 17 27 5.6 4.1 4.6
Medicine and Health 92 165 257 51.1 40.0 43.4
Natural Sciences and Technology 39 159 198 21.7 38.6 33.4
Social Sciences 39 71 110 21.7 17.2 18.6
Total 180 412 592 100 100 100
Quantitative Science Studies 110
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total publication output of the respondents during the period, which is 13 publications per
year on average. Here, women have a substantially lower number than men: 10 versus 14
publications. The skewed distribution of men and women across fields (both vertically and
horizontally in ) is quite similar to that seen in the total Norwegian population of
researchers in senior positions (e.g., ).

To assess possible response biases, we compared the field, gender, and age distributions
of the respondents with those for the original sample. The response rate was 44% for women
and 49% for men. The respondents were slightly older than the nonrespondents (average age
+3 years). At the level of domain, the response rate was lowest in the two largest fields
(Medicine and Health, 44%, and Natural Sciences and Technology, 46%), somewhat higher
in Social Sciences (55%) and much higher in Humanities (71%). Hence, the differences in
response rates across domains have led to a more balanced representation by reducing some
of the original size differences. We consider the response bias across the two other variables
as minor, not representing a methodological problem.

3. RESULTS

3.1. Type of Contribution

shows the distribution of the publication types (self-reported) across three citation rank
categories: top 10 percentile (highly cited publications), 10-50 percentile and the 50-100 per-
centile (less-cited/uncited publications). For almost half of the publications (47%), the main
contribution was assessed to be empirical. One-quarter of the papers were assessed as fore-
most contributing theoretically, and 20% contributed methodologically. As noted above,
articles classified as reviews in WoS were excluded from the sample. Nevertheless, 7% of
the papers were claimed by the authors to foremost have “review” as the main contribution.
At the level of domain, theoretical contributions appear more frequently in the Social Sciences
and Humanities, while empirical contributions dominate in the Medicine and Health sciences.

The distribution of articles across citation rank categories did not differ much ( ).
Thus, the results do not suggest that certain types of contributions tend to be more highly cited
than others. Even the review contributions are distributed quite evenly across citation catego-
ries. This might seem surprising, as review papers have generally been shown to be more
highly cited ( ). However, the data set was preselected
not to include review articles, thus preventing any conclusions on this matter.

Table 3. Distribution of publications by type of contribution and citation rank categories (%)*
Type of contribution 0-10% 10-50% 50-100% Total
Theoretical 26.2 25.8 25.5 25.9
Empirical 46.0 48.3 47.3 47.2
Methodological 19.9 20.0 20.7 20.2
Review 7.9 59 6.4 6.8
Total 100 100 100 100
N 592 592 592 1,776

* The respondents were allowed to select more than one type of contribution; therefore, double counts occur.
Missing values and ‘don’t know’ replies are excluded from the calculations.
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Overall, the results imply that the contribution type variable is of little interest to include in
forthcoming analyses, which would otherwise have been the case if a contribution type was
over- or underrepresented in particular citation rank categories.

Below, we turn to the various components of the research quality concept.

3.2. Solidity

The respondents were asked to assess the solidity of the research reported in their publications
from 1 to 5. The lowest score options (1-2) were used to a very small extent; this also holds
true for the other survey questions. Overall, the respondents assessed solidity as moderate or
high. The distribution by citation rank categories is shown in Figure 1.

Across all citation intervals, the large majority of the publications were assessed to have
high solidity (scores 4 and 5). Even the less-cited publications were usually considered to have
high solidity. However, the distribution of solidity assessments was not equal across the cita-
tion groups. A larger proportion of the most cited papers (10%) obtained the highest score (5)
(54%), compared with 40% for the papers in the 50-100 percentile category. We also observe
the opposite pattern for papers with the lowest score (1-3), amounting to 7% and 21%, respec-
tively. In sum, Figure 1 gives the impression that perceptions of solidity increase with citation
scores.

To analyze the correspondence at field levels, we applied a simplified approach calculating
the average author score across citation rank categories (Figure 2). Except for the Humanities,
we observe that the scores increased according to citation rank categories.

3.3.  Novelty/Originality

On the question concerning the novelty/originality of the research, only 5.4% of the articles
were rated with the lowest scores (1 and 2) (Figure 3). Approximately 25% obtained an inter-
mediate score of 3, while the remaining articles were classified in the two highest categories
(4-5). The pattern is quite similar to that observed for solidity, but the respondents were some-
what more modest when assessing novelty/originality. For example, although 46.3% of the
articles were rated 5 on solidity, the corresponding figure for novelty/originality is 29.8%.

60
50

40

20 |
i II
0 — |-

2 3 4

1 (low)

Response percentages
w
o

5 (high)

Assessment of solidity (1: lowest, 5: highest)

m50-100% m10-50% 0-10% (most cited)

Figure 1. Distribution of publications by solidity score and citation rank categories (%).
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Total
Technology

Social sciences

Medicine
Humanities

Health sciences

Assessment of solidity (1: lowest, 5: highest)
m50-100% m10-50% m10% (most cited)

Figure 2. Average solidity score by citation percentile categories and scientific domain.

The distribution by citation rank categories shows that in the top 10 percentile, 43% of the
articles got the highest score. The corresponding figure for the articles in the 50-100 percentile
is 19%. Similarly, we see an opposite pattern for articles in the 50-100 percentile category,
where more of the publications got low/intermediate scores (1-3). Thus, we see a tendency for
the ratings to correspond with the citation rank categories of the publications.

Figure 4 shows the mean and total scores on novelty/originality across fields. In all fields,
articles in the top 10 percentile are ranked highest. Similarly, articles in the 50-100 percentile
category clearly have lower scores than those in the 10-50 percentile category, with the
exception of Medicine.

3.4. Scientific Importance

The third dimension related to scientific quality is scientific importance. The largest number of
articles were rated 4 (39%), with equal shares rated 3 or 5 (27%) (Figure 5). The distribution is
very similar to the one previously shown for novelty/originality. The interpretation of this is that
the researchers acknowledge that although the work itself is of high solidity, it may not have
been equally novel/original or scientifically important.

50
45
40

35

30

2

2|

1

1 |
0 —— I.-

3 4

1 (low) 2 5 (high)

Response percentages
v O »n o un

Assessment of novelty/originality (1: lowest, 5: highest)

W 50-100% m10-50% M 0-10% (most cited)

Figure 3. Distribution of publications by novelty/originality score and citation rank categories (%).
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Total
Technology
Social sciences
Natural sciences
Medicine
Humanities

Health sciences

[y

1.5 2 25 3 3.5 4 4.5 5
Assessment of novelty/originality (1: lowest, 5: highest)

m50-100% m10-50% ™ 10% (most cited)

Figure 4. Average novelty/originality score by citation percentile categories and scientific domain.

The distribution by citation rank categories is also very similar to the one we observed for
novelty/originality. A much higher proportion of the top 10 percentile articles obtained the
highest score (45%) compared with articles in the 50-100 percentile category (14%).

Figure 6 shows the mean and total scores for scientific importance across fields. We do not
observe large differences here. In all fields, the patterns are quite similar.

In sum, the differences in scores for the three quality dimensions indicate that the
researchers have been able to differentiate between the dimensions (i.e., they have not auto-
matically scored each paper with equal rating for all dimensions). This was confirmed with,
first, a correlation analysis, revealing correlations (Pearson’s r, two-tailed, sig. 000) of .350
between novelty/originality and solidity; .651 between novelty/originality and scientific impor-
tance; and .408 between solidity and scientific importance. Second, we calculated the per-
centages of scores that differed between pairs of quality dimensions. In 54.5% of the papers
the researchers rated novelty/originality and solidity differently. For novelty/originality and sci-
entific importance different scores were given for 41.5% of the papers, and for solidity and
scientific importance, different scores were given for 56.9% of the papers.

1 2 3 4 5

Assessment of scientific importance (1: lowest, 5: highest)

w w b U0
o v o v o

Response percentages
P R, NN
v o (9] o (9]

o

W50-100% m10-50% m 0-10% (most cited)

Figure 5. Distribution of publications by scientific importance score and citation rank categories (%).
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W 10% (most cited)

4.5

Figure 6. Average scientific importance score by citation percentile categories and scientific

domain.

3.5. Groundbreaking Research

The researchers were also asked whether their publications represented “groundbreaking
research.” In total, more than one-quarter of the papers were perceived as groundbreaking
(Figure 7). In the Humanities, this proportion was as high as 39.5%. In the Health Sciences the
researchers reported that their papers were groundbreaking substantially less often (16.3%). In
the other domains, the percentage ranged from 23.8% (Medicine) to 31.4% (Technology).

The respondents’ assessments corresponded well with the citation range categories. A
much higher proportion of the 10 percentile articles were considered groundbreaking com-
pared with the two other categories. Still, 15% of the articles in the lowest 50-100 percentile
category were considered groundbreaking. However, not all highly cited publications were
considered groundbreaking. In all fields except Medicine, there was a distinct pattern corre-
sponding with increasing proportions from 50-100, to 10-50, to the 10 percentile, but in Med-
icine, the reporting of groundbreaking research is twice as high in the 10 percentile compared

to the other percentiles.

60
50

40

Response percentages
w
o

Health Humanities ~ Medicine
Sciences

HTotal m50-100%

, Al

Natural Social Technology
Sciences Sciences
®10-50% m 0-10% (most cited)

All fields

Figure 7. Percentage of publications considered to be groundbreaking research by citation per-

centile categories and scientific domain.
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At the level of individuals (excluding those who did not answer the question for all three of
their papers), 22 respondents (3.8%) claimed that all three of their papers were groundbreak-
ing, while 256 respondents (44.7%) claimed that none of their papers were groundbreaking.
Ninety-one respondents (15.9%) claimed two of their papers were groundbreaking and one
was not. One groundbreaking paper and two nongroundbreaking papers were reported by
204 respondents (35.6%).

3.6. Societal Impact

Societal impact is the last dimension of the research quality concept. Here, the response alter-
natives were simply “yes,” “no,” and “don’t know.” A total of 24.9% of the papers were
claimed to have had societal impact (Figure 8). In this calculation, the “don’t know” publica-
tions are also included in the denominator because it is fully possible to know that your
research has had societal impact, but it is not possible to know with certainty that it has not
(the researcher may simply not be aware of it), which makes it not so important to distinguish
between “no” and “don’t know.”

There are notable differences across fields in the extent to which the respondents consider
their research to have societal impact. This proportion is highest in Medicine (31%) and the
Social Sciences (29.8%) and lowest in Humanities (11.5%) and Health Sciences (12.7%).

In addition, in this dimension, the respondents’ answers correspond with the citation rank
categories in the previously observed manner: The highest proportion is for the 10 percentile
group (33.9%) and lowest for the 50-100 percentile group (17.1%). This pattern is consistent
across all fields.

3.7. Further Analyses

We have so far presented results using a binning approach consisting of three citation percen-
tile categories corresponding to the criteria applied in the selection of publications. However,
some information is lost by this procedure, and we will present analyses using accurate data
(citation scores). In addition to the percentile-based indicator, we will analyze the MNCS.

50
45
40
35
30
25

|
: | |
. |
" | | | | |
Tl
o || ([ | |

Health Humanities  Medicine Natural Social Technology  All fields
Sciences Sciences Sciences

Response percentages

HTotal mW50-100% ™ 10-50 % 0-10% (most cited)

Figure 8. Percentage of publications considered to have had a societal impact across citation rank
categories and scientific domains.
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Novelty/originality

Solidity

Scientific importance

(@}

10 20 30 40 50 60

Percentile citation values (0: most cited, 60: least cited)

5 (highest assessment) m4 m3 M2 (low assessment)

Figure 9. Percentile citation values and assessments of research quality dimensions. Response
alternative 1 (lowest) is not shown due to a very small number of observations.

Figure 9 shows how the respondents’ assessments of quality dimensions vary according to
response alternatives and percentile values. For example, the average percentile value for arti-
cles rated with high (5) novelty was 26, compared with 50 for articles rated with the lowest
score (2). For all quality dimensions, the results correspond with the patterns identified above,
in which there is a distinct difference in values by response alternatives.

We then carried out a similar analysis using the other citation indicator, MNCS (Figure 10).
A corresponding pattern is found but with a larger difference in citation values across the
scores (1-5). This is due to the distributional character of the MNCS indicator and the presence
of outliers.

Further insights concerning the relationships are obtained by carrying out correlation
analyses. Both MNCS and percentile values show moderate to weak correlations with the
three quality dimensions. However, the associations are statistically significant, as shown in

Scientific importance

Solidity

Novelty/originality

i)

o

0:5 1 1.5 2 2.5 3 3.5
MNCS (0: lowest, 3.5: highest)

5 (highest assessment) ®m4 m®m3 M2 (low assessment)

Figure 10. Mean normalized citation score (MNCS) and assessments of research quality dimen-
sions. Response alternative 1 (lowest) is not shown due to a very small number of observations.
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Table 4. Correlation analysis of MNCS/citation percentiles and research quality measures

Solidity Novelty/originality Scientific importance
MNCS Spearman’s correlation A77* .280* .370*
Sig. (2-tailed) .000 .000 .000
Percentile values Pearson correlation —.181* —.266%* —351*
Sig. (2-tailed) .000 .000 .000
N 1,691 1,732 1,707

* Correlation is significant at the 0.01 level (2-tailed).

The different signs reflect that a low percentile value corresponds with high citation counts and vice versa.

Table 4. There are minor differences only across the two types of citation indicators. The stron-
gest correlation is between citation measures and scientific importance.

A more differentiated picture emerges when we analyze correlations separately by field.
Table 5 shows the results for the citation percentile indicator. Very similar patterns were

Table 5. Correlation analysis (Pearson’s r) of citation percentiles and research quality measures across scientific fields

Solidity Novelty/originality Scientific importance
Health sciences Correlation —.194%* —.318%** —.338%*
Sig. (2-tailed) .002 .000 .000
N 257 268 262
Humanities Correlation —-.085 —.219* —.3471%*
Sig. (2-tailed) 438 .036 .001
N 85 92 86
Medicine Correlation —.203** = 111* —.290**
Sig. (2-tailed) .000 .020 .000
N 428 435 428
Natural sciences Correlation —.182%* —.278%* —.378%*
Sig. (2-tailed) .000 .000 .000
N 424 426 426
Social Sciences Correlation —.215%* —.418%* —.407**
Sig. (2-tailed) .000 .000 .000
N 293 307 302
Technology Correlation -.173* =3171%* —.379%*
Sig. (2-tailed) .013 .000 .000
N 204 204 203

* Correlation is significant at the 0.05 level (2-tailed).

** Correlation is significant at the 0.01 level (2-tailed).

Quantitative Science Studies
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obtained for the MNCS indicator (not shown). Contrary to our expectations, there were rather
small differences across fields. The rather weak correlation regarding solidity (Table 4) is also
observed for most fields, but the variety between fields on the other quality dimensions shows
that correlations range from very small on novelty/originality (Medicine: —.11) to moderate
(Health Sciences: —.32; Social Sciences: —.42). For scientific importance, all correlations were
in the range of —0.29 to —.41.

In Table 6, we show the mean and median values of MNCS for each research quality dimen-
sion and score. The median values are clearly lower than the average, demonstrating a skewed
distribution in which the mean values are strongly influenced by a relatively small group of very
highly cited papers. In almost all fields, there is a distinct gradient, meaning that the citation scores
increase according to the self-assessments of the papers. For scientific importance, the gradient is
congruent with author ratings in all fields except Technology, where papers with a score of 3 have
lower MNCS than those with a score of 2. For the other dimensions, there are also very few excep-
tions to the overall pattern, in which citation scores increase with the respondents’ scores.

To test for the impact of the skewed data distribution in responses to the quality dimensions
(with a dominance of respondents answering at the higher end of the scale), we ran

Table 6. Mean and median values of MNCS across fields and research quality dimensions*
2 (low) 3 4 5 (highest)
Indicator Field Avg. Median Avg. Median Avg. Median Avg. Median
Novelty/originality Health sciences 0.66 0.48 1.24 0.73 2.17 1.75 491 2.63
Humanities - - 2.30 1.42 1.91 1.13 4.12 3.22
Medicine 1.45 1.10 1.75 0.84 1.65 1.27 2.44 1.16
Natural sciences 1.11 0.52 1.38 0.60 1.40 0.82 2.74 1.99
Social sciences 0.68 0.41 1.21 0.46 1.99 1.34 3.26 2.94
Technology 0.94 0.60 1.24 0.57 1.62 1.08 2.21 227
Solidity Health sciences 0.35 0.44 1.45 0.77 2.00 1.41 3.86 1.58
Humanities - - 2.69 1.48 2.80 0.99 2.31 1.62
Medicine 1.48 0.86 1.07 0.70 1.95 0.89 2.35 1.56
Natural sciences 1.08 1.13 0.74 0.48 1.80 0.89 2.00 1.28
Social sciences - - 1.09 0.50 1.94 1.35 2.68 1.83
Technology - - 1.41 0.72 1.58 0.92 1.89 1.58
Scientific importance Health sciences 0.97 0.44 1.41 0.84 2.39 1.63 5.08 2.62
Humanities 1.38 0.33 1.49 0.35 2.96 1.73 3.50 2.59
Medicine 0.73 0.51 1.28 0.84 1.83 0.95 3.00 2.26
Natural sciences 0.97 0.39 0.96 0.55 1.64 1.06 3.06 2.49
Social sciences 0.58 0.39 1.23 0.48 1.96 1.20 3.55 2.97
Technology 1.10 0.74 0.87 0.42 1.64 1.08 2.42 2.31

* Cells with fewer than 5 papers are not shown in the table. Cannot say/not relevant responses and missing values are also excluded.

Quantitative Science Studies

119

€20z isnbny z0 uo 3senb Aq ypd° L +200 & Ssb/2£18.20Z/S01L/1/vPd-8lonIe/ssb/npa W jo8.Ip//:dny Woly papeojumoq



Citation metrics covary with researchers’ assessments

Table 7. Independent-samples Kruskal-Wallis* test of MNCS and research quality dimensions

Samples compared Quality dimension Test statistic Std. error Std. test statistic Sig.
2-1 Novelty 46.8 160.5 33 .770
2-1 Solidity -274.3 297.2 -.92 .356
2-1 Scientific importance —24.2 128.8 -.22 .851
2-3 Novelty -88.3 60.0 -1.51 141
2-3 Solidity -293.3 283.8 -1.03 .301
2-3 Scientific importance -126.4 121.8 -1.04 .299
2-4 Novelty -259.0 58.1 -4.54 .000
2-4 Solidity -476.0 282.5 -1.77 .092
2-4 Scientific importance -340.6 121.0 -2.81 .005
2-5 Novelty -433.0 59.1 -7.32 .000
2-5 Solidity -565.0 282.4 -2.00 .045
2-5 Scientific importance -568.2 121.7 -4.77 .000
1-3 Novelty -41.5 152.7 -.33 .786
1-3 Solidity -19.0 99.6 =22 .849
1-3 Scientific importance -102.2 53.2 -1.92 .055
1-4 Novelty -212.2 152.0 -1.43 .163
1-4 Solidity -201.7 95.9 -2.10 .035
1-4 Scientific importance -316.4 51.5 -6.14 .000
1-5 Novelty -386.2 152.4 -2.54 .011
1-5 Solidity -290.6 95.6 -3.04 .002
1-5 Scientific importance -544.0 53.1 -10.20 .000
3-4 Novelty -170.7 30.8 -5.54 .000
3-4 Solidity -182.7 38.2 -4.88 .000
3-4 Scientific importance -214.2 30.0 -7.15 .000
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Table 7.  (continued)

Samples compared Quality dimension Test statistic Std. error Std. test statistic Sig.
3-5 Novelty -344.7 32.8 -10.50 .000
3-5 Solidity -271.6 37.5 -7.33 .000
3-5 Scientific importance -441.9 32.6 -13.60 .000
4-5 Novelty -174.1 29.0 -6.00 .000
4-5 Solidity -88.9 25.8 -3.44 .001
4-5 Scientific importance -227.7 29.8 -7.63 .000

* Each row tests the null hypothesis that the Sample 1 and Sample 2 distributions are the same.

Quantitative Science Studies

nonparametric tests to determine statistically significant differences in MNCS between the
scores on the quality dimensions. In all three dimensions, the Kruskal-Wallis H test rejected
the null hypothesis (that the distribution of MNCS is the same across categories of quality
dimensions, sig. .000), with MNCS values significantly different (and higher) between compar-
isons of groups scoring 3 and higher ( ) but with some nonsignificant results in compar-
ison, including scores 1-2, where the number of responses is very low.

4. DISCUSSION

The main purpose of this study was to assess how citation indicators align with researchers’
subjective assessments of research quality dimensions. In addition, the study has provided
knowledge on how researchers evaluate their own research. We discuss some of the findings
related to this.

Generally, researchers rate their research publications highly. More than one-quarter of the
papers are perceived by the authors as groundbreaking research. Almost none of the publica-
tions are rated with the lowest quality score (1), few are rated with the second lowest score (2),
and a large majority are rated with the two highest scores (4 and 5). This holds true across all
quality dimensions assessed in the survey.

The pattern is particularly evident for solidity, while the researchers are slightly more
restrained when assessing the novelty/originality and scientific importance of their research.
This is perhaps not surprising, as studies that lack solidity would not be accepted for publica-
tion in reputable journals. In addition, studies with little novelty might be filtered out through
the peer review process. Thus, by being accepted for publication in journals, the studies have
already undergone a selection process that might explain the patterns.

The respondents of our survey are all experienced researchers, typically having a long
career within the academic system; they have also contributed to highly cited publications.
It is reasonable to assume that they would be reluctant to contribute to studies they consider
having little novelty or scientific importance or lacking solidity. This is an additional factor that
might explain why so few of the articles are ranked with low scores.

At the same time, researchers may be too positive about their research. The study shows
how scientists think about their research, and in this way, there is prima facie reliability.
However, an open question is to what extent their assessments would be shared by external
reviewers.
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Despite these two limitations, the judgments of the researchers provide an interesting and
suitable reference point for addressing the validity of citations as performance measures. First,
the spread of responses is still large enough to allow comparative analyses. Second, using
author views is one approach in the range of studies applying different reference points, all
with various strengths and limitations.

4.1. Possible Biases in the Respondents’ Assessments

Citation metrics are available through a large number of products and services. Many
researchers know their own metrics and which publications are highly cited. In Norway, cita-
tion analyses have also been provided in broad peer-based national evaluations of research
fields. To what extent the respondents’ answers are affected by beforehand knowledge, we
simply do not know. We find it important to note that while some researchers’ answers may
be consciously or unconsciously guided by their knowledge of citation numbers, for others
they may not, and some may even “disagree” with the citation scores (cf.

). One might also think that the perceived prestige of the publication channels has some
influence, such as that a Nature paper automatically receives a high rating. Still, as we do not
find strong correlations between citation metrics and author ratings, we do not think this is a
major problem, and prima facie we do not see any reason why the respondents would
rate their papers systematically in line with known citation numbers, rather than providing a
sincere assessment.

Moreover, the results may be biased due to a lack of memory. Some researchers responded
that the selected papers were not among their most relevant ones and that they contributed in
peripheral roles only (making it difficult to “remember”). In particular, people who have been
involved in a large number of papers in recent years may have limited memories of individual
contributions. Additionally, one might ask if people will rate their more recent papers higher.
However, when testing this issue, we did not find any difference at all on the various quality
dimensions (i.e., the average scores for papers were identical across all 4 years).

4.2. Correlations Are Not Strong, But Significant for All Quality Dimensions

Overall, this study has disclosed notable covariations between citation indicators and author
ratings of quality dimensions. Highly cited publications tend to obtain substantially higher
ratings than less-cited publications and vice versa. This holds for all quality dimensions but
is weaker for solidity than for the other. The latter finding reflects that most publications
(85%) were assessed to have high solidity (scores 4 and 5) in the first place.

The agreement between citation indicators and author assessments has been analyzed
using different approaches. In the first approach, based on binning, we looked at three main
citation categories. Here, we observed a distinct pattern in which highly cited publications are
generally seen as having a higher research quality than other publications. This holds true
across the different dimensions analyzed. To the contrary, publications that have been mod-
erately or little cited are ranked lower but rarely as of inferior quality. In this way, quality rank-
ings of publications based on rough citation categories seem to have certain justifications—at
aggregated levels.

In the other part of the analysis, exact citation figures were used as the basis. These analyses
support the main findings of the first part. Articles that have been ranked as high quality are, on
average, more cited. Comparing the averages in this way reveals distinct differences between
the groups.
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The results provide some support for the hypothesis derived from that
citation rates reflect scientific impact and relevance (to some extent) but not the other quality
dimensions. There is a significant correlation for all the quality dimensions analyzed. The cor-
relation is strongest for scientific importance, which holds true for both the citation indicators
analyzed: the percentile (=0.35) and the MNCS indicator (0.37). In particular, highly cited
papers are considered to have high scientific importance. For novelty/originality, the correla-
tion is somewhat weaker (=0.27 and 0.28, respectively), and it is even weaker for solidity
(—0.18 and 0.18, respectively).

It is not surprising that the agreement is the poorest for solidity, considering that solidity per
se is not the reason why a publication is cited in subsequent research ( ).
Rather, it may be a necessary but not sufficient criterion for a publication to be considered
worth citing, at least according to a normative citation behavior model (see, for example,

; ). Similar reasoning can be provided
for novelty/originality. A publication may report research that is original in approach, but if
the results do not make interesting contributions to current knowledge, the publication may
not be cited.

Although the association is statistically significant for all quality dimensions and both indica-
tors analyzed, it is not strong. As a rule of thumb, correlation coefficients below 0.35 are con-
sidered weak ( ). In this study, only one case (scientific importance) has a higher
value (just about): 0.35/0.37. This would correspond to a coefficient of determination of approx-
imately 0.13 (r?), meaning that 13% of the variance in the indicator can be “explained” by
author ratings. Still, the characteristics of the response distribution must be taken into consider-
ation in the interpretation. Generally, the value of the correlation coefficient will be larger when
there is more variability among the observations than when there is less variability (

). As noted, a large majority of the papers were rated with scores 3-5, reducing
the variability. In addition, certain range restrictions were applied in the initial identification
of the researchers. This means that the identified correlation should be interpreted as stronger
than the raw coefficients might suggest.

The results show that at the level of individual publications, citation metrics quite often do
not correspond with author assessments. The correspondence is highest for highly cited pub-
lications. Many of the less-cited publications are considered to be of good quality and obtain
high scores on the quality dimensions. This supports the conclusion that citations are unreli-
able at the level of individual articles but have stronger reliability at aggregated levels. A
similar point is made by , who claim that when analyzed at the
level of articles, the strength of the correlation is much weaker than when addressed for aggre-
gated units.

How do our results compare with previous studies comparing peer ratings and citation indi-
cators for individual publications? A relevant example is the study of how the REF 2014 quality
scores correlated with metrics ( ), reporting a Spearman’s rank correlation coeffi-
cient of —0.29 for the percentile indicator and 0.28 for an MNCS-like indicator (field-weighted
citation impact). These results are lower than the results of our study on scientific importance
but higher than those obtained for the other quality dimensions. The study by

also showed an overall degree of agreement consistent with the results of the HEFCE
report. We also find other studies addressing this at the level of individual papers, reporting
correlation coefficients around 0.2 ( ; ).

The conclusions of the HEFCE report have, however, been criticized by
. They noted that previous studies showed much higher agreement between metrics and
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peer reviews in the REF. In their view, the issue should be addressed at an aggregated level
(institutional) rather than at the level of individual papers. The reason for this is that the goal of
the REF is not to assess individual publications but to assess institutional research. Using an
alternative approach, were able to show much stronger correla-
tions than those found in the HEFCE report. The fact that citations are not accurate at the
individual publication level does not hinder satisfactory accuracy at higher levels.

4.3. The Results Are Consistent Across Fields

As a subordinate issue to the present study, we aimed to address field differences in the cor-
respondence between self-perceived quality dimensions and citation scores. Here, we did not
observe large differences across domains. In comparison, the study found large
variations across fields, the strongest correlation for Clinical Medicine (Spearman’s rank cor-
relation of 0.64 for the FWCI) and less than 0.2 in several Social Science disciplines and the
Humanities (SSH). As noted in the introduction, a common view is that citation indicators have
less reliability in SSH. Our study of author perceptions does not support the notion that SSH
should be more problematic in this respect, although the problem of limited coverage will be
more severe. It should be noted that some of the questions (e.g., concerning solidity) mainly
refer to empirical sciences. It is therefore an open question how this is interpreted within the
Humanities.

5. CONCLUSIONS

This study has shown that citation metrics of publications covary with the authors’ own assess-
ments of their quality dimensions. The association is statistically significant, although not
strong. At aggregated levels, there is a distinct pattern in which rankings decline with declining
citation metrics. Generally, the highest accuracy is obtained for highly cited publications,
which are usually considered to have high research quality attributes. In terms of policy impli-
cations, this means that citations are not reliable indicators at the level of individual articles,
while at aggregated levels, the validity is higher, at least according to how authors perceive
quality. Hence, it is important to take the level of aggregation into account when using cita-
tions as performance measures. Despite statistically significant covariations for all quality
dimensions analyzed, the association is strongest for scientific importance.
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