ZSOLT KOHUS - MARTON DEMETER - ZOLTAN BARACSKAI
- ESZTER LUKACS - KATALIN CZAKO

The relationship between the level of
interdisciplinarity of journals and scientific impact
— a Hungarian case study

Abstract

The evaluation of interdisciplinarity and its effect on research impact is prevalent in modern
science. However, the evaluation of interdisciplinarity at the level of individual research papers is
inconsistent with several different indicators used and is based predominantly on examinations of
paper citations. Moreover, without considering the limitations of individual scientific disciplines,
examinations of interdisciplinarity can present a distorted understanding of the research impact
of a given paper or field. To overcome this issue, the paper established three different Levels
of Interdisciplinarity based on the Web of Science Schema of research categories and assigned
research areas at the level of individual journals where research papers were published. The
relation of journals’ Level of Interdisciplinarity to the research impact at the level of individual
research papers (Impact Factor, Field Normalized Citation Impact) in a research area-dependent
manner were analysed. Results demonstrate that the relationship between the Level of Interdisci-
plinarity and research impact varies by scientific field. Moreover, the study shows that the analysis
of interdisciplinarity and research impact is less effective at an aggregated, institutional level and
highlights the importance of disciplinary specialisations. The major advantage of this approach
is that the measurement is independent of the changing number of citing papers and temporally
changing citation categories.
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INTRODUCTION

The integration of different scientific fields into a complex problem-solving system is
a well-known strategy at organizational (S4, 2008), national (Lepori et al., 2007), and
international levels (Bruce et al., 2004). These strategies both foster scientific collabora-
tion among individual researchers and facilitate the creation of new knowledge by bring-
ing together diverse research skills, techniques, and concepts originating from scholars
representing different scientific areas (van Rijnsoever-Hessels, 2011). The concept of
interdisciplinarity lies in the synthesis of theoretical and methodological activities from
different scientific disciplines or research fields (Wang-Schneider, 2020). According to
Porter et al. (2007), interdisciplinary research is a mode of scientific inquiry performed
by teams or individuals that integrate two or more bodies of specialized knowledge or
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research practices. Therefore, interdisciplinary research is characterized by the combi-
nation of different perspectives/concepts/theories, tools/techniques, and information/
data (Leydesdorft et al., 2019). Accordingly, the interdisciplinarity of a research project
should be also captured on the level of the research output, crucial for the understand-
ing and assessment of interdisciplinarity.

In analysing interdisciplinary research, various approaches are used; the most
frequent among them being the analysis of scientometric data. However, empirical
analyses of interdisciplinarity measures show remarkable differences, as the units of
analysis and the mode of measurement are not identical. In their recent paper, Wang
and Schneider (2020) outlined 16 interdisciplinary measures in four categories: (1)
measures depending on a multi-classification system, (2) measures borrowed from
other fields, (3) measures considering the similarity of research fields, and (4) meas-
ures that rely on networks. While these measures show remarkable differences, the
aspect which all the above-mentioned features share is their tendency to capture the
diversity or the differences in the body of knowledge. In addition, Zwanenburg et al.
(2022) found 25 definitions and 21 different strands of interdisciplinarity and inter-
disciplinarity measures. To this end, the understanding of interdisciplinarity and its
effect on scientific impact is still confusing and unsatisfying (Wang-Schneider, 2020).
This study aims to fill this gap.

1. ASSESSING AND QUANTIFYING
INTERDISCIPLINARITY: A REVIEW OF THE
LITERATURE

The quantitative measurement of interdisciplinarity is a challenging issue, and several
indicators and matrices have been developed to capture the interdisciplinary nature
of research. At the level of individual journals, Morillo et al. (2003) measured inter-
disciplinarity through indicators based on the Institute for Scientific Information (ISI)
multi-assignation of journals into subject categories. Through their cluster analysis,
they differentiated between “big” and “small” interdisciplinarity, based on the interrela-
tions between the categories identified. As a qualitative indicator, they introduced the
percentage of multi-assigned papers, the pattern of multi-assignation, the diversity of
relationship categories that journals share, and the strength of relationships between the
two categories. The use of ISI categories as a proxy of interdisciplinarity was also used by
Sods and Kampis (2011) revealing that this type of science overlay map can character-
ize the extent of interdisciplinarity. Although these studies are fundamental in terms of
understanding interdisciplinarity at the level of individual journals through published
papers, they did not analyse the relationship of the observed degree of interdisciplinar-
ity to scientific impact.

To go a step further, Porter et al. (2007) used Web of Science Subject Categories
(WoS SCs) instead of ISI as key units, and extended the analysis to include research arti-
cle citations. To this end, they introduced “integration,” which measures the extent to
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which a research paper cites diverse WoS SCs; and “specialization,” which captures the
spread of references that publications on a given WoS SC have cited compared to other
WoS SCs. The citation-based indicators were also calculated at the level of individual
research papers, journals, and their references, to capture the diversity of research fields.
To this end, Zhang et al. (2016) used the Leuven-Budapest (ECOOM) subject-classifica-
tion scheme and measure the disciplinary diversity considering variety (the evenness of
the distribution of the subject field classification), balance (the distance between subject
fields of references), disparity, and Hill-type diversity. While they found that the most
interdisciplinary articles received the most citations, they also found scientific field-
dependent differences.

Leydesdorft et al. (2018) used betweenness centrality and diversity to distinguish
and rank journals in terms of interdisciplinarity, where betweenness centrality is
considered as a measure of multi-disciplinarity and diversity as an indicator of co-cita-
tion in the citing documents. Contrary to Zhang et al. (2016), Leydesdorff et al. (2018)
performed their analysis among journals instead of publications assessed by indi-
vidual researchers. The authors concluded that, without the operational definition of
disciplines, interdisciplinarity is difficult to define. Moreover, the citing dimension is
independent from betweenness centrality, and diversity as interdisciplinarity remains
a problem. In order to reveal the interrelations between different interdisciplinary
measures, Wang and Schneider (2020) reviewed 23 different measures and found that
they can be classified into two groups based on their dependence on a dissimilarity
matrix. More importantly, the authors highlighted that the unit of analysis regarding
interdisciplinarity is strongly dependent on the choice of measures and can result in
conflicted findings. Their results are in line with the findings of Abramo et al. (2017),
who highlighted that the literature analysing interdisciplinary research by bibliomet-
ric approaches shows distinct dimensions.

Similar to interdisciplinarity, the relationship between interdisciplinarity and
research performance was also investigated using different data sources and meth-
odologies, resulting in different, often controversial results. For example, while
Okamura (2019)and interdisciplinary research (IDR showed that increasing the
number of effective disciplines by one can increase the field-normalized citation-
based research impact by 20%, Yegros-Yegros et al. (2015) concluded that scholars
give less credit to those publications which are heterodox in terms of interdiscipli-
narity (measured as the relationship between interdisciplinarity and the Normalized
Citation Score for each publication). Wang et al. (2015) analysed the relationship
between the indicators of interdisciplinarity and research impact showing that the
long-term increase in citations grows with variety and decreases with rate disparity;
however, the long-term decrease of citations is associated with decreasing balance.
During their analysis, Chen et al. (2015a) found that the top 1% most cited papers
are characterized by higher levels of interdisciplinarity than papers in other citation
rank classes. However, they also found that citation rates as a function of interdisci-
plinarity are higher for research areas with lower citation rates. In contrast, Rinia et
al. (2001) identified a significantly negative relation between interdisciplinarity and
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the total number of citations, as well as the average number of citations by paper
in the physical sciences. When these bibliometric indicators were corrected by the
world-average citation rates of journals or fields, the correlations lost their signifi-
cance. Van Noorden (2015) pointed out that interdisciplinary research takes time to
have an impact (more than three years), and the results of Rinia et al. (2001) suggest
that citation rates can show remarkable differences within the same research field and
interdisciplinarity should be interpreted cautiously.

The common feature of studies analysing interdisciplinarity and its impact is the
application of bibliometric data on a set of publications obtained from publication data-
bases. While the use of co-authorship and/or citation coupling to calculate interdisci-
plinarity is widespread, this method is not ideal. For example, as highlighted by Porter
et al. (2007) and Abramo et al. (2017), the examination of the research interest and
specialization of a given researcher, as well as the identification of the research field is
extremely time-consuming. The analysis of references as an indicator of the interdisci-
plinarity of journals could partially overcome this problem, however, further research is
still needed to cover a large range of interdisciplinarity and discipline-dependent differ-
ences (Zhang et al., 2016).

The present study addresses the issue of measuring interdisciplinarity and its
effect on research impact. While former studies scrutinized interdisciplinarity by
introducing and analysing several quantitative indicators (Leydesdorff et al., 2018;
Leydesdorft-Rafols, 2011; Rinia et al., 2001; Yegros-Yegros et al., 2015; Zhang et
al., 2016), we have limited knowledge on the disciplinary differences of interdisci-
plinarity as well as on its effect on scientific impact. To overcome the problem of
constantly changing citation patterns influencing the extent of interdisciplinarity
indicators, similarly to Morillo et al. (2003) and So6s and Kampis (2011), we used
as a proxy of interdisciplinarity the scientific coverage of journals. The assignment of
research/subject categories and research areas of the Web of Science Core Collection
(WoS) at the level of journals has several advantages: first, the number and type of
WoS research categories and research areas at the level of individual journals, where
research papers were published, can be calculated independently on the number of
citations. Second, the WoS research category-based and research area-based designa-
tion of the level of interdisciplinarity is stable, thus the level of interdisciplinarity can
be used as a permanent indicator without temporal change. Third, the level of inter-
disciplinarity can be calculated in a research category-dependent manner, making
it possible to analyse discipline-dependent characteristics of the interplay between
interdisciplinarity and research outputs.

Until recently, interdisciplinarity has been analysed predominantly on the level of
given research fields at the global or national level, ignoring the contribution of individual
research facilities (Chen et al., 2015b; Craven et al., 2019; Pan et al., 2012; Porter—Rafols,
2009). To fill this gap, our measures focus on the E6tvos Lorand University in Budapest,
which has a diverse teaching and research portfolio, and is also the oldest continuously
operating university in Hungary. With nearly 30,000 students, the institution is organ-
ized into eight departments (the Department of Law and Political Sciences, the Bérczi
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Gusztav Department of Special Education, the Department of Humanities, the Depart-
ment of Informatics, the Department of Education and Psychology, the Department of
Social Sciences, the Department of Elementary and Nursery School Teacher Training,
and the Department of Sciences), in addition to the Institute of Business Economics.
According to the Quacquarelly Symond Ranking 2020, E6tvos Lorand University is the
best Hungarian university with its 28th place ranking, based on academic and employer
reputation, faculty/student ratio, the number of papers published and their online
appearances, the proportion of academic staff holding PhDs, the citation of publica-
tions, web impact, as well as the proportion of international members and international
students. Based on the 2020 Times Higher Education World University Rankings by
subject, E6tvos Lorand University has proved to be the best higher education institution
in Hungary in the fields of the arts, humanities and psychology, as well as in life and
natural sciences. Taking into account their proportion of international collaborations,
education and research portfolio, the ranking of E6tvds Lorand University in national
and international rankings, as well as its number of publications, we determined E6tvos
Lorand University to be a model university.

The diverse examination approaches found in the literature led us to formulate
a demand for a stable, implementable, and reproducible methodology able to describe
the relationship between interdisciplinarity and research impact. The assignment of
individual research articles into one or more WoS research categories and research areas
can overcome this problem. The use of this measure of interdisciplinary allowed us to
ask and answer how interdisciplinarity can influence scientific impact at the level of
a whole institution, and how this relationship is dependent on scientific categories.

2. METHODOLOGY

Data collection: Research articles for the Eo6tvos Lorand University in Budapest
(Hungary), including the journal name, the category normalized citation impact
(CNCI) and impact factor (IF) were collected for five years between 2015 and 2019
from the WoS. To identify research categories and research areas we used the Web of
Science Schema. Data collection was conducted in July 2020, resulting in 5,315 original
research articles.

Based on the 2020 Times Higher Education World University Rankings by subject,
Eo6tvos Lorand University has proved to be the best higher education institution in
Hungary in the fields of the arts, humanities and psychology, as well as in life and natural
sciences. Taking into account their proportion of international collaborations, educa-
tion and research portfolio, the ranking of E6tvos Lorand University in national and
international rankings, as well as its number of publications, we chose E6tvos Lorand
University as a model university.

Level of IDR-calculation, temporal evolution: To establish the level of IDR, we first
had to identify the main scientific disciplines for each research paper. To this end, we
used the Web of Science Schema, which is comprised of five main research categories
(1) Arts and Humanities, (2) Life Sciences and Biomedicine, (3) Physical Sciences,
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(4) Social Sciences, and (5) Technology), subdivided into 228 research areas. Thus,
for each research article, based on the journal where it was published, the research
category/categories and subsequent research area/s were identified. This enabled us
to assign research articles to one of the three Levels of IDR. The Single Area group
corresponds to those journals where only one main research category, and within that
main category, only one research area was present. The Same Category group contains
those journals which are characterized by two or more research areas within the same
main research category. The Different Categories group is made up of research jour-
nals which contain two or more research areas within two or more main research
categories (Table 1).

Table 1 The Three Different Levels of IDR

Level of Interdisciplinarity Number of Research Categories Number of Research Areas
Single Area (N*=3,054) 1 1

Same Category (N=1,478) 1 2 or more
Different Categories (N=741) 2 2 or more

Source: Own table (from Web of Science Schema)
Note: N corresponds to the number of research articles in individual groups.

3. RESULTS

3.1 THELEVEL OFIDR AND ITS EVOLUTION FROM 2015 TO 2016

To analyse how IDR changes over time, we established the Levels of IDR for each year
between 2015 and 2019. We found that the total number of WoS research articles
increased from 2015 to 2019, reaching 1,237 research articles in 2019, compared to
867 in 2015 (Figure 1 and Table 2). However, the proportion of papers based on the
type of collaboration to all WoS research articles showed remarkable differences among
the three Levels of IDR. While Single Area revealed an increasing tendency, the Same
Category and Different Categories were characterized by a slight decrease. This contrast
of temporal trends for all three Levels of IDR was strengthened by the results of linear
correlation analysis between the year of publication and the number of research papers
in individual groups (Table 2). Although the total number of all WoS articles increased
over time, our results showed that this growth has predominantly been generated by
papers from the Single Area group.
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Figure 1 Temporal Evolution of WoS Research Articles between 2015 and 2019
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Source: Own figure based on Web of Science data

Table 2 Number of WoS Research Articles and Research Articles with Different Levels of

Interdisciplinarity
Year 2015 2016 2017 2018 2019 C, Cp
All WoS research articles 867 948 1,085 1,145 1,237 0.99 | <0.0001 ***
Single Area 474 513 610 706 751 0.98 0.0013 **
Same Category 266 294 322 286 319 0.66 N.S.
Different Categories 127 141 153 152 167 0.96 0.0089 **

Source: Own table based on Web of Science data

3.2 THE LEVEL OF IDR IN INDIVIDUAL RESEARCH CATEGO-
RIES BETWEEN 2015 AND 2019

To explore individual research categories’ contribution to the increase of all WoS
research articles, we conducted a second analysis of research articles focusing on the
five major WoS-based scientific categories. In terms of research article publication, the
most productive scientific area between 2015-2019 was (3) Physical Sciences, followed
by (2) Life Sciences & Biomedicine, (5) Technology, (4) Social Sciences, and (1) Arts &
Humanities. We also found a significant positive correlation between the year of publi-
cation and the number of research articles published for (2) Life Sciences & Biomedi-
cine, (3) Physical Sciences, (4) Social Sciences and (5) Technology. The major increase
in research papers, as well as their strongest growth, was observed in the case of (3)
Physical Sciences, followed by (2) Life Sciences & Biomedicine, (4) Social Sciences, and
(5) Technology. Furthermore, (1) Arts & Humanities is characterized not only by the
smallest number of research articles but also by a negative tendency in terms of their
quantitative evolution (Figure 2).
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Figure 2 Temporal Evolution of WoS Research Articles by Research Category, 2015-2019
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Source: Own figure based on Web of Science data
Note: The number of articles for each year was normalized by the five-year average of all the
research articles in the same research category. Consequently, the distance from the average
(after normalization, the average was equal to 1) was calculated by the extraction of the average
(1) from the normalized value for each year. C_= correlation coefficient, C = correlation prob-
ability; *p < 0.05; **p< 0.01; ***P< 0.001; N.S. = not significant

3.3 RESEARCH CATEGORIES AND PROPORTIONS OF THREE
LEVELS OF IDR

When looking at the Level of IDR of research articles at the Research category level,
we found that the (5) Technology group showed the highest average proportion of
research papers operating with two or more research areas, accounting for 76.52% of all
the published research articles in this group. This was followed by (4) Social Sciences
(62.9%), (2) Life Sciences & Biomedicine (47.66%), (3) Physical Sciences (42.7%), and
(1) Arts & Humanities (42.29%) (Figure 3). Thus, in the case of (2) Life Sciences &
Biomedicine, (3) Physical Sciences, and (1) Arts & Humanities, the majority of research
articles (more than 50% on average) are in the Single Area group. Moreover, the correla-
tion between the year of publication and the number of research articles (Table 3) for
the Single Area was positive, except for (1) Arts & Humanities, these correlations were
significant. On the other hand, no significant correlation was found within the Single
Category, and only the (3) Physical Sciences and (4) Social Sciences showed a signif-
icantly positive correlation in the Different Categories group. The prevalence of the
Single Area cooperation type in (1) Arts & Humanities, (4) Social Sciences, and (5)
Technology and consequent correlation analysis showed that on the Research category
level, the increase in annual research performance is predominantly driven by research
activities that operate within a single research area. However, the predominance of
a Single Area is research category dependent.
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Figure 3 Proportion of Levels of IDR for Each Research Category, 2015-2019
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Source: Own figure based on Web of Science data
Note the prevalence of Single Area cooperation type at (2) Life Sciences & Biomedicine, and (3)
Physical Sciences in Figure 3.

Table 3 Correlation Between Year of Publication and IDR for Each Research Category

Single Area Same Category Different Categories
C C C C C C
c P < P < P

(1) Arts & Humanities 0.44 N.S. -0.56 N.S. 0.85 N.S.
(2) Life Sciences & Biomedicine 0.91 0.03 (%) 0.1 N.S. 0.52 N.S.
(3) Physical Sciences 0.95 0.01 (*) 0.34 N.S. 0.93 0.02 (*)
(4) Social Sciences 0.89 0.04 (*) 0.79 N.S. 0.96 0.007 (*¥)
(5) Technology 0.89 0.04 (*) 0.81 N.S. 0.7 N.S.

Source: Own table from analysis described above
Note: C_= correlation coefficient, C = correlation probability; the level of significance is marked
by asterisks: *p < 0. 05 **p< 0.01; ***P< 0.001; N.S. = not significant

3.4 THE RELATIONSHIP BETWEEN THE LEVEL OF IDR AND
SCIENTIFIC IMPACT

To reveal the relationship between IDR and research impact, we started by performing our
analysis on all research papers without differentiating between scientific categories. This
was done by comparing the CNCI and IF for each Level of IDR. We suggested that research
impact correlates with an increase in IDR. To verify this, we used the following quantifica-
tion of IDR: (1) Single Area = non-interdisciplinary, (2) Same Category = low level of IDR,
and (3) Different Categories = high level of IDR (Abramo et al., 2017; Chen et al., 2015;
Rinia, 2007). The aggregated results at the institutional level, without distinction between
Scientific categories, did not support this hypothesis. As it is shown in Figure 4, the (3)
Different Categories had the lowest CNCI, and this was significantly lower than the (2)
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Same Category. Moreover, the IF of the (3) Different Categories was significantly lower
compared to (2) Same Category and (1) Single Area. Furthermore, the correlation analysis
between the Level of IDR and CNCI, as well as between the type Level of IDR and IF was
significantly negative (C_= -0.03, C = 0.01 for CNCIL Cc = -0.09, Cp < 0.001 for IF). Thus,
on the institutional level, the Level of IDR is not increasing the scientific impact of papers.

Figure 4 Scientific Impact of All Research Papers by Type of Collaboration
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Source: Own figure based on Web of Science data and own analysis
Note: Left panel: each black dot represents a research article. Right panel: the box plot visualiza-
tion of data points on the left panel. * P < 0.05; ** P < 0.01; *** P < 0.001

We are aware that the scientific impact is not comparable among scientific fields due
to substantial differences between subject categories (Bordons et al., 2002; Bornmann-
Marx, 2015; Dorta-Gonzalez-Dorta-Gonzélez, 2013). Therefore, the use of aggregated
data without distinguishing between different research fields may distort the under-
standing of the scientific impact of E6tvds Lorand University. To overcome this problem,
we reduplicated the statistical and correlation analysis between the Levels of IDR and
the scientific impact for each of the five WoS scientific categories.

As expected, the plotting of the CNCI and IF against the Level of IDR (Figure 5), as
well as the correlation analysis showed scientific category-dependent differences. The
research papers in (1) Arts & Humanities were characterized by an increasing CNCI
and IF with an increasing Level of IDR. However, this scientific category has the highest
proportion of papers with 0 citations and journals without impact factors. This was also
corroborated by the correlation analysis, where we found a positive correlation between
the Level of IDR and the CNCI and a significantly positive correlation between the
Level of IDR and the IE

On the other hand, in the case of (2) Life Sciences & Biomedicine and (3) Physi-
cal Sciences we observed a tendency that was the reverse of the one seen in (1) Arts &
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Humanities: in both scientific categories, the correlation between the Level of IDR and
the analysed indicators of research impact were negative, moreover, this negative corre-
lation was significant for both indicators within the (3) Physical Sciences group, and
between the Level of IDR and the IF for (2) Life Sciences & Biomedicine.

Figure 5 The Scientific Impact of Research Papers as a Function of the Level of Interdisciplinarity,
for All Five Research Categories
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Note: * P < 0.05; ** P < 0.01; ** P < 0.001
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For (4) Social Sciences, the correlation coefficient between the Level of IDR and the
CNCI was positive, and no correlation was found between the Level of IDR and the IE
On the other hand, for the (5) Technology scientific category, we identified a negative
correlation between the Level of IDR and the CNCI and a weak positive correlation
between the Level of IDR and the IF of the journals.

Thus, based on these results, the relationship between Level of IDR and research
impact is highly dependent on the scientific category, as it is positive for (1) Arts &
Humanities, negative for (2) Life Sciences and Biomedicine and (3) Physical Sciences,
and showing a mixed character for (4) Social Sciences and (5) Technology.

4. CONCLUSIONS

The measurement of IDR is a challenging issue in qualitative and quantitative sciences
(Greckhamer et al., 2008; Wang-Schneider, 2020). Studies focusing on citation research
have found significant differences across and within scientific fields (Guerrero-Bote et
al,, 2007; Lillquist-Green, 2010). Thus, the analysis of IDR at the level of organizations
with different structural and disciplinary representations is still needed. Our study fills
this gap. The unique contribution of this paper lies in its use of the Web of Science
Schema of research categories and research areas at the level of individual journals as
a tool to characterize the Level of IDR.

In contrast to previous studies (Leahey et al., 2016; Porter—Rafols, 2009; Yegros-
Yegros et al., 2015), the Level of IDR is not measured through the proportion of refer-
ences from different scientific disciplines but as the interplay between different scientific
research areas within the five main research categories at the level of individual journals.
The advantage of this method is that IDR is measured independently from the proper-
ties of citations and co-authorship. Thus, the Level of IDR does not change over time (as
it does not depend on the number of citations and the research area of the citing papers).
Regardless of the IF of the publishing journal or the number of citations, the Level of
IDR can be measured for all WoS research journals.

Based on the type of collaboration between the five major scientific categories and
subsequent research areas, we derived three Levels of IDR: Single Area (one scientific
category and one research area), Same Category (one scientific category with two or
more research areas), and Different Categories (two or more scientific categories with
two or more research areas). The proposed measure for the Level of IDR is scalable from
the journal where the paper was published and can be applied in a scientific category-
dependent manner. We have shown that the Level of IDR should be studied at the level
of scientific categories, as neglecting scientific category-dependent contributions can
distort the understanding of IDR at the level of a given organization. This approach
establishes a suitable framework to investigate IDR at an institution’s level, focusing
on multifield teaching and research. Most importantly, we have shown that instead of
a global evaluation of higher education institutions with multiple teaching and research
focus, we should consider “dividing” research output (in this case, research articles)
according to their assessment of research discipline (research category) and perform
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the analysis on that level. These results support the finding of Bornmann (2019), reveal-
ing that the possible influence of citations is less effective on an aggregated level of an
institution.

However, our methodology limited the impact and reach of our results. First, the
WoS provides several schemas of research areas. The use of different research schemas
(for example, the use of WoS with five scientific categories and 228 research areas instead
of the OECD Category Scheme of 6 major codes and 42 minor codes corresponding to
the scientific categories and research areas of the WoS Schema) could result in different
assignments of research articles to one of the three cooperation types correlating with
the Level of IDR. Second, the Level of IDR reflects the interplay between research areas
at the journal level, not at the level of individual research papers. The interplay between
research areas at the level of a journal does not necessarily mean that the Level of IDR
of a research paper reflects the IDR of the journal. Third, using IF and citation-based
methods to reveal scientific impact also entails limitations. IF varies greatly between
academic disciplines (Castellano-Radicchi, 2009). Moreover, compiling citations by
journal can mask an asymmetric distribution of citations by published papers within
the same journal (Kiesslich et al., 2020)the three highest-ranking journals from each
JCR category were included in order to extend the analyses to non-medical journals.
For the journals in these cohorts, the citation data (2018. There are also disciplinary
differences in the number of citations attributed to individual research papers (Vaughan
et al,, 2017). Moreover, the citation time window also influences the citation impact
(Clermont et al., 2020; Wang, 2013), and the research impact of IDR research also tends
to gain more citations in the long term (van Noorden, 2015). We took two approaches
to overcome these limitations: first, we did not compare the research impact of scientific
disciplines; and second, we used CNCI instead of the citation count.

We have demonstrated that the analysis of the Level of IDR and consequent research
impact of a multifield higher education institution at the research category level is rele-
vant. However, we do not have a sufficiently long time window available to study the
research impact of IDR on the most recent research articles.

We have convincing evidence that the Level of IDR can be captured at the level of
individual journals, but the evolution of the relationship between the Level of IDR and
research impact was not tested in this paper. Regarding further research, the analysis
could be expanded to include a broader time window to analyse the temporal evalua-
tion of research impact as a function of the Level of IDR. Moreover, it would be of inter-
est to compare the similarity of IDR of a given journal and published research paper, as
well as to compare the effect of IDR on research impact with other Hungarian higher
education institutions and elaborate a method that could be used to compare Hungary
with other countries.

It should be mentioned that we did not include any evaluation or consideration of
the research fields of the papers citing the assessed interdisciplinary journals. For exam-
ple, the most powerful relationship between the level of IDR and CNCI was observed
for Art & Humanities. However, it is unknown, whether this is caused by the increased
interdisciplinarity or by the higher score on the Science Citation Index.
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We are aware that our study contains controversial results and could not solve the
problem regarding the need for an indicator suitable to capture interdisciplinarity and
its effect of scientific impact. There is still a need to measure interdisciplinarity on differ-
ent bases, such as citation patterns and the origin of citations, or the relative share of
references reflecting the knowledge integration. This should be analysed in more detail
and with a more complex theoretical approach in the future.
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