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Are social sciences becoming more interdisciplinary?  

Evidence from publications 1960-2014. 

ABSTRACT  

Interdisciplinary research is widely recognized as necessary to tackle some of the grand 

challenges facing humanity. It is generally believed that interdisciplinarity is becoming 

increasingly prevalent among STEM fields. However, little is known about the 

evolution of interdisciplinarity in the Social Sciences. Also, how interdisciplinarity and 

its various aspects evolve over time has seldom been closely quantified and delineated. 

This paper answers these questions by capturing the disciplinary diversity of the 

knowledge base of scientific publications in nine broad Social Sciences fields over 55 

years. The analysis considers diversity as a whole and its three distinct aspects, namely 

variety, balance, and disparity. OLS regressions are also conducted to investigate 

whether such change, if any, can be found among research with similar characteristics. 

We find that learning widely and digging deeply have become one of the norms among 

researchers in Social Sciences. Fields acting as knowledge exporters or independent 

domains maintain a relatively stable homogeneity in their knowledge base while the 

knowledge base of importer disciplines evolves towards greater heterogeneity. 

However, the increase of interdisciplinarity is substantially smaller when controlling 

for several author and publication related variables. 

INTRODUCTION 

Interdisciplinary research (IDR) is recognized as a necessary condition to tackle 

complex and pressing societal problems that cannot be truly resolved by a single 

discipline (Carayol & Thi, 2005; Frodeman & Mitcham, 2016). In a review article, 

Jacobs and Frickel (2009) characterized two sources of promoting efforts towards 

interdisciplinarity, namely top-down initiatives and bottom-up support. Top-down 

initiatives include various grants, seed projects, training programs, and job 

opportunities that are dedicated to supporting IDR by federal agencies, private 

foundations, and universities. Bottom-up support roots deeply in the acceptance and 

confidence of IDR held by many individual researchers that “interdisciplinary 
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knowledge is better than knowledge by a single discipline” (Jacobs & Frickel, 2009, p. 

46) or in their willingness to conduct IDR (Milman et al., 2017). 

To closely monitor and evaluate the aforementioned supporting initiatives and 

understand mechanisms behind IDR, recent studies have examined its different aspects 

(Rousseau et al., 2019), such as input (e.g. disciplinary diversity in team assembly; 

Abramo et al., 2017; Schummer, 2004; Zhang et al., 2018), process (e.g. disciplinary 

diversity in reference; Mugabushaka et al., 2016; Porter & Rafols, 2009; Zhang et al., 

2016), outputs (e.g. topic diversity in the full text; Bu et al., 2020; Evans, 2016; Nichols, 

2014), and outcomes (e.g. research impact; Larivière et al., 2015; Larivière & Gingras, 

2010; Rinia et al., 2004; J. Wang et al., 2015; Yegros-Yegros et al., 2015). Among all, 

quantitative measurements to evaluate the intensity of IDR process, i.e., how 

interdisciplinary one’s research is, is one of the most discussed research topics (Wagner 

et al., 2011). Although such indicators have been criticized as confusing and unable to 

achieve universally convergent validity at the micro-level (Q. Wang & Schneider, 2020), 

each of them individually can still effectively quantify the diversity of knowledge and 

serves to infer interdisciplinarity from a macro perspective. Given that the purpose of 

this study is to investigate general patterns and dynamics of interdisciplinarity as a 

social phenomenon, we reckon the aforementioned defects of the indicators do not 

compromise the validity of this study. 

One of the frequently referenced macroscopic statements by researchers, policy-makers, 

and the media is “science is becoming more interdisciplinary”. A consensus seems to 

have formed that scientists working in dissimilar knowledge bases or mastering 

different skills have been increasingly crossing disciplinary borders to collaborate with 

unconventional partners; this leads to more interdisciplinary and scientifically 

significant outcomes. Empirical evidence, however, is still limited to STEM fields; a 

detailed summary and comparison for related literature are available in Appendix  

regarding data, classification scheme, measurement, discipline/region, and results. 

Porter and Rafols (2009) investigated the change of interdisciplinarity (embodied by 

Rao-Stirling diversity) between 1975 and 2005 over six research domains from STEM 

and reported a modest increase. Another group of publications is devised to capture the 

evolution of IDR in certain fields such as biochemistry and molecular biology (Chen et 

al., 2015), physics (Pan et al., 2012), biodiversity science (Craven et al., 2019), and 

library and information science (Chang & Huang, 2012); for specific regions 
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(Karlovčec & Mladenić, 2015; Lužar et al., 2014); or for science in general (Gates et 

al., 2019; Larivière & Gingras, 2014). One article specifically analyzing the temporal 

trends (1980-2010) in Social Sciences and its sub-fields is conducted by Levitt et al. 

(2011) using the percentage of cross-disciplinary citing documents. They reported a 

declining trend in the 1980s and a sharp rise in the 1990s. However, their chosen 

indicator can only shed light on partial aspects of interdisciplinarity according to recent 

developments of the theoretical framework of IDR measurements. Hence we conclude 

from our literature review that temporal change in IDR in Social Sciences has not been 
thoroughly studied so far.  

We would like to emphasize that IDR in Social Sciences is as important and prevailing, 

if not more, as in any discipline in STEM. Many disciplines from Social Sciences that 

are now perceived as independent and established knowledge territory used to be the 

direct result of knowledge “interdisciplined” (Frodeman, 2010). According to 

Frodeman (2010)’s book on interdisciplinarity, Science and Technology Studies (STS), 

which originally emerged in the 1960s, was “included for the first time in the 

International encyclopedia of social and behavioral sciences…as an intersecting field 

rather than a discipline” (p. 191) in 2001. Nowadays, there are multiple STS programs 

taught in academic institutions from more than 20 countries, several professional 

associations around the world, and at least 16 notable peer-reviewed journals focusing 

on STS according to Wikipedia1. On the other hand, many established disciplines in 

Social Sciences such as sociology achieved significant progress and exciting 

reinvention after being “interdisciplined” with previously remote disciplines and 

developed new and thriving achievements. For instance, sociologists are inspired to use 

large-scale social media datasets and network theories to study collective behavior and 

politics from a new computational perspective and have achieved considerable quality 

progress (Edelmann et al., 2020). Social Sciences could be one of the most fertile 

grounds to observe and understand how IDR has evolved, where we are now, and where 

it is going to be. 

In this study, we attempt to delineate the evolution of interdisciplinarity in Social 

 

1 Wikipedia, “Science and Technology Studies.”  
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Sciences over 55 years and contribute to a more comprehensive answer to the question 

“is science becoming more interdisciplinary”.  

The rest of the paper is organized as follows: we first introduce the dataset and 

methodology we adopt. The following section presents the results and discussions and 

the last section concludes. 

METHODOLOGY 

Data 

The Microsoft Academic Graph (MAG) is adopted in our empirical study. MAG differs 

from other bibliographic databases in that it adopts a bottom-up approach (individual 

paper level) for the field categorization process. MAG quantifies the semantic distance 

between two textual paragraphs representing two publications and then clusters the 

retrieved semantic representations to form the basis of concepts, which are de facto 

fields, domains, or disciplines in practice. Six levels of concepts are clustered 

automatically on different granularities. The top two levels of concepts (L0 and L1) are 

manually defined into a unique hierarchical structure to be compatible with most of the 

categorization systems (K. Wang et al., 2020), where L0 is comprised of 19 fields (e.g., 

chemistry and economics) and L1 consists of 294 subfields (e.g., biochemistry and 

macroeconomics). 

To draw a comprehensive view of IDR in Social Sciences, we include as many subfields 

from Social Sciences as possible. However, the highest level of field hierarchy in MAG 

(L0) does not list Social Sciences as one of the 19 main fields in their setting, let alone 

the mapping relationships between Social Sciences and its corresponding subfields. 

Furthermore, the granularity of the discipline setting in L1 might be too trivial and 

needlessly specific to embody the major subfields or research areas. To address this 

issue, we identified 60 subfields from L1 that are classified under Social Sciences 

according to the OECD Fields of Science (OECD, 2015) and mapped them into nine 

broader subfield groups2 , namely Psychology, Economics & Business, Educational 

 

2 The classification scheme provided by the OECD defines a three-level hierarchical structure having 
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Sciences, Sociology, Law, Political Science, Social & Economic Geography, Media & 

Communications, and Other Social Sciences. The details of the mapping are available 

in Appendix Table A1. The remapped sub-field labels assigned to each paper are only 

used in the process of recognizing scientific publications affiliated with Social Sciences 

and presenting the results. When calculating IDR indicators, the original subfield labels 

(L1) are employed instead of our re-assigned labels to maintain the accuracy and 

integrity of the dataset. An example to clarify the terms we used for knowledge domains 

at different levels: Social Sciences is termed as the main field, consisting of Psychology 

and eight other fields. Applied Psychology is one of the subfields (or discipline) listed 

under the field of Psychology. 

Figure 1. Descriptive statistics of the selected MAG subset by regrouped L1-level domains: (a) Number of 

publications over years; (b) Average number of references over years; and (c) Number of disciplines 

referenced over years. 

The dataset comprises 3,989,221 journal/conference publications, published between 

1960 and 2014, labeled with at least one of the subfields from our earlier defined Social 

Sciences structure, and having at least one recorded reference. Publications labeled with 

more than one category will be assigned to each category respectively. Fractional 

counting is adopted in this study to cope with the multi-labeling in the field 

categorization of publications. As shown in Figure 1(a), all nine fields achieved almost 

exponential growth in publications, with Psychology and Economics & Business 

 

social science at the top level, e.g.. social science – educational sciences – education (general). The 
selection and mappings from 60 subfields in MAG to nine social sciences disciplines are made manually, 
with reference to both the OECD classification scheme and other resources, for instance Wikipedia and 
Web of Science.  
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continuing to be the largest fields in Social Sciences. Besides, 90,673,766 references 

(9,903,133 unique cited papers) and their corresponding discipline labels are retrieved. 

Figure 1(b) illustrates the temporal change of the average number of references for all 

publications in the dataset. Economics & Business, Psychology, Political Science and 

Media & Communications increased more than threefold in 55 years, while the other 

fields also achieved more than 200% growth, except Law which grew by 132%. In 

addition, more disciplines that were previously weakly related or even unrelated to 

Social Sciences are now referenced as shown in Figure 1(c). For instance, Political 

Science cited only 110 out of 294 disciplines in 1960, whereas this number increased 

to 294 in 2014. Almost all 294 disciplines are cited by Social Sciences in their annual 

production by the end of 2014.  

Methods 

Framework 

To answer the question “Are social sciences becoming more interdisciplinary”, we first 

need to decipher what it actually entails and what people might expect of it. Two 

interpretations can be drawn from this question: 1) Is more IDR observed in social 

sciences over time? 2) Are researchers in social sciences designing and conducting their 

research in a more interdisciplinary way? The first interpretation focuses on the change 

in the overall distribution of interdisciplinarity, while the latter taps into researchers’ 

cognition and mentality regarding interdisciplinarity. In a more static setting where 

other variables such as the total number of publications, team size, and reference count 

do not exhibit significant change, the two interpretations would converge and an 

increase in value of a certain IDR indicator would also provide strong evidence for a 

corresponding change in people’s willingness to conduct IDR. However, other variables 

de facto keep evolving and interacting with interdisciplinarity. Hence, a positive answer 

to the first question does not necessarily imply a positive answer to the second one. 

Examining the change in the distribution of interdisciplinarity can only deliver us 

partial answers or incomplete interpretations of the research question. To gain a 

thorough understanding, one must also try to exclude the effect of other confounding 

variables. In this study, we, therefore, investigate the evolution of IDR from two 

perspectives. First, we quantify and observe the evolution of IDR via multiple proposed 

indicators. Then, ordinary least squares (OLS) regressions are conducted to examine 
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the evolution of IDR by controlling for several related variables. In the next section, we 

will first introduce the indicators of our selection for the observational analysis and then 

move on to the design of the OLS regression.  

Quantifying IDR 

Stirling (2007) pointed out that diversity consists of three basic concepts, namely 

variety, balance, and disparity, each of which is a necessary but insufficient property of 

diversity as a whole. This notion and a generic indicator of diversity were then 

introduced and modified by Rafols and Meyer (2010) to Information Science as a 

quantitative measurement of knowledge integration to infer interdisciplinarity. A 

significant proportion of research is devoted to devising indicators that integrate two or 

three components (dimensions) of diversity to achieve a reliable metric and assess/ 

compare IDR for different entities. In this study, we aim to work as comprehensively 

as possible so that information loss caused by dimension reduction or integration can 

be minimized. Therefore, to quantify the evolution of IDR processes, we employed 

single-component (variety, balance, and disparity themselves) indicators as well as 

three multi-component indicators: Rao-Stirling (RS) diversity (Rafols & Meyer, 2010; 

Stirling, 2007), DIV (Leydesdorff, Wagner, & Bornmann, 2019), 𝐷𝑠2   (Zhang, 
Rousseau, & Glänzel, 2016). We believe that the involvement of single-component 

measurements may provide more contextual implications, for instance, the number of 

disciplines referenced, and that the multi-component measurements shed more insights 

into the evolution of IDR. 

Table 1 provides notations and mathematical definitions of each indicator we employed 

in this study. Variety (𝑛𝑐) is operationalized as the number of disciplines referenced by 

each publication, which reveals information regarding the broadness of the knowledge 

base. Its variant, relative variety (𝑛𝑐 𝑁⁄  ), is used in DIV representing variety in a 

relative scale. Balance (B), representing the evenness of the knowledge base, is 

quantified using two indicators of evenness (Beisel et al., 2003), namely, the Shannon 

Evenness Index (𝐻 ln 𝑛𝑐⁄  ) and 1 − 𝐺𝑖𝑛𝑖𝑐  (Gini coefficient), where B = 1 indicates 

maximum evenness and B = 0 shows extreme imbalance. Disparity (D) captures the 

average dissimilarity (or distance, explained further on) between every two disciplines 

referenced for each publication, which can be utilized to examine the cognitive distance 
and heterogeneity of the knowledge base. 
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Three indicators integrating a part of or all of the above-mentioned three components 

are also employed (i.e., multi-component indicators). RS calculates the sum of 

dissimilarities between every two disciplines referenced multiplied by the product of 

proportions each discipline accounts for in the reference list. DIV is the multiplication 

of relative variety, balance, and disparity ranging from zero to one. 𝐷𝑠2    can be 
regarded as a variant of RS that possesses greater discriminatory power, satisfies the 

properties proposed in Leinster and Cobbold (2012), and employs similarity among 

categories instead of disparity directly, yielding 1 (1 − 𝑅𝑆)⁄ . 

Table 1.  Selected measures of IDR. 

Notation    𝑛𝑐   number of disciplines referenced 𝑑𝑖𝑗    dissimilarity between categories i and j 𝑝𝑖    proportion of elements in category i 𝑁    number of categories in total 𝑥𝑖 number of references to the i-the category in an ascending order 

Indices    

Variety 𝑛𝑐 
Rao-Stirling 
(RS) 

 ∑ 𝑑𝑖𝑗(𝑝𝑖𝑝𝑗)𝑖,𝑗(𝑖≠𝑗)  

Balance (B) 𝐻 ln 𝑛𝑐⁄ = − ∑ (𝑝𝑖 ln 𝑝𝑖)𝑛𝑐𝑖=1 ln 𝑛𝑐⁄  DIV (𝑛𝑐 𝑁⁄ ) ∗ 𝐺𝑖𝑛𝑖𝑐 ∗ 𝐷 

Disparity (D) 
∑ 𝑑𝑖𝑗  𝑖≠𝑗𝑛𝑐(𝑛𝑐 − 1) 𝐷𝑠2  1 (1 − 𝑅𝑆)⁄  

Gini coefficient  

(𝐺𝑖𝑛𝑖𝑐) 
∑(2𝑖 − 𝑛𝑐 − 1)𝑥𝑖𝑛𝑐 ∑ 𝑥𝑖𝑛𝑐    

 

Four out of seven measures (i.e. disparity, RS, DIV, 𝐷𝑠2 ) employ the dissimilarity 

between two categories 𝑑𝑖𝑗  in their calculation, which is operationalized as 1 −𝑐𝑜𝑠𝑖𝑛𝑒 𝑠𝑖𝑚𝑖𝑙𝑎𝑟𝑖𝑡𝑦  in a cross-citation matrix, as shown to be valid and efficient in 

Zhang, Rousseau, and Glänzel (2016). The temporal perspective of this paper makes a 

few modifications to the cosine similarity necessary, that is, the application of a time 

window on similarity calculation. As the distance or reference strength among 

disciplines may be changing over time (Frank et al., 2019), potential structural changes 

to the similarity matrix cannot be ignored when performing temporal analysis. To 

account for this, we construct eleven similarity matrices with a five-year time window 

for each to capture the dynamic distance change between disciplines in 55 years. This 
yields the following equation: 
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                 𝑑𝑖𝑗𝑡 = 1 − 𝑅𝑖𝑗+𝑅𝑗𝑖√(𝑇𝐶𝑖𝑡+ 𝑇𝑅𝑖)(𝑇𝐶𝑗𝑡+ 𝑇𝑅𝑗)                (1) 

where 𝑖  and 𝑗  refer to two sets of publications from two different categories 
published during the period 𝑡, 𝑅𝑖𝑗 denotes the number of times set 𝑖 publications cite 

set 𝑗  publications, 𝑇𝐶𝑖𝑡  denotes the total number of citations set 𝑖  publications 

received from other categories overtime during the period 𝑡, and 𝑇𝑅𝑖 denotes the total 
number of references from papers in set 𝑖 to other categories.  

When examining balance and disparity, publications with variety equal to 1, 3.36 % of 

the dataset, are excluded since they deliver null implication on interdisciplinarity in a 

unit with only one category. These publications are accordingly not included in the 

analysis of integrated interdisciplinarity as well. 

Regression analysis 

To answer the second interpretation of our research question, we used OLS regressions 

to control for other confounding variables and observe the effect of time on 

interdisciplinarity values. Specifically, publications from 2005-2009 and 2010-2014 

constitute the dataset for regression analysis. The investigated independent variable, 

time, is set to be 0 if a publication is published in the first period, or 1 if published in 

the second. Nine confounding (control) variables are identified that might directly or 

indirectly influence interdisciplinarity or the calculation of the chosen indicators. 

Among them, four variables relate to the characteristic of publications, as follows: 

• Number of references: References and their disciplinary affiliations are the 
ingredients for quantifying interdisciplinarity in this study. A greater number of 

references would directly affect the calculation of interdisciplinarity. For instance, 

Wang et al. (2015) reported a positive correlation between the number of references 

and RS values in their study. On the other hand, publications are found to have a 

greater number of references over time (Nicolaisen & Frandsen, 2021).  

• Reference age: The average year of difference between the publishing year of 
referenced articles and the citing article. Rinia et al. (2004) discovered 

interdisciplinary citations are relatively more attributed to the older literature.  

• Two-year citation after publication (𝐥𝐧 𝑪𝟐): The relationship between citations and 
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interdisciplinarity is studied by many studies, although with different, sometimes 

opposite, findings (Glänzel & Debackere, 2021). Here we use number of citations 

as a proxy for latent research quality or potential. We take the natural logarithm of 

two-year citations into the regression model since citation is unevenly distributed. 

• Two-year Journal Impact factor (JIF): This variable takes into account the citation 
impact of publishing venues of publications.  

In addition, teams assembly, or collaboration, as another important aspect of IDR, 

would also affect the interdisciplinarity of the knowledge base (Zhang et al., 2018). 

Five variables controlling for the effect of authors (or teams) are included as follows: 

• Team size: The number of co-authors in the publication byline. More members in a 
team may be associated with a greater probability of introducing external 

knowledge to research.  

• Author average productivity: Average number of publications each coauthor 
published within the five years before the focal publication.  

• Author average impact (log scale): Average number of citations each coauthor 
received within the five years before the focal publication. 

• Author average connection: Average number of coauthors each coauthor had 
within the five years before the focal publication.  

• Author average seniority: Average academic age of each coauthor by the time the 
focal publication was published.  

The regression analysis is conducted in two steps. First, we examine only the effect of 

the time variable on interdisciplinarity, which is equivalent to the change in average 

interdisciplinarity value from the observational study perspective. Second, both time 

and all the other control variables are added to the regression to determine the effect of 

time. The coefficients of regressions are retrieved for comparison between the two 

models to offer a holistic answer to both interpretations of the research question. The 

regression models are constructed for each of the nine disciplines to arrive at detailed 

disciplinary understandings of the social sciences. Around 30% of the publications from 

the investigated period cannot be matched with detailed author information. Therefore, 

a sub-sample of 1,516,119 publications is adopted in the regression analyses.  
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RESULTS AND DISCUSSION 

In this section, we will first present the results of the observational studies and then dive 

into the results of the regression analyses.  

The evolution of IDR: A descriptive perspective 

The broadness of the knowledge base 

Figure 2 illustrates the evolution of variety for all fields in 55 years (1960-2014). For 

the nine selected fields, the number of subfields each publication has cited (i.e. 

variety) on average keeps increasing over time, which can be seen from the 

continuous right-shift of dashed lines. Publications between 2010 and 2014 from all 

fields generally cited 5-8 more disciplines than contributions that appeared between 

1960 and 1965. Despite unanimous growth, several differences in the level of increase 

and changes in rank should be noted. Political Science gained the largest increase in 

variety from 4.2 to 12.8, yielding a 206.7% growth over 55 years, which also pushed 

it from 9th to 2nd position in terms of variety rank among fields. The smallest growth 

in variety can be found in Sociology (90.3%) whose rank slipped from 2nd to 7th at the 

end of 2014. Other fields doubled their variety and remained at a similar rank. By the 

end of 2014, Psychology, Political Science, and Media & Communications were the 

top three interdisciplinary fields in Social Sciences in terms of variety, while Law, 

Educational Sciences, and Sociology showed the least variety. 

Also, the dominance of low variety publications has weakened over time as opposed to 

the rise of high variety publications. For instance, the percentage of publications with 

variety no larger than 2 accounted for more than 30% in Economics & Business, 

Educational Sciences, Law, Other Social Sciences, Social & Economic Geography, and 

Sociology and more than 40% in Political Science from 1960 to 1964; that percentage 

universally decreased to less than 15% (less than 9% for Economics & Business, 

Educational Sciences, Media & Communications, Other Social Sciences, Political 

Science, Psychology) from 2010 to 2014. Such a weakening tendency can also be 

observed from the change of peak for several fields. The mode increased in five out of 

nine fields, which shows that the majority of recent researchers tend to situate their 

study on a more diverse knowledge base. However, such a right-shifting peak did not 
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occur for Social & Economic Geography, Sociology, and Law as their peaks of variety 

remained at the same level. Such consistency over time might be explained by the 

specialized nature of a field like Law. An alternative explanation is that these fields are 

in a nascent state of interdisciplinarity and will eventually become dominated by high 

variety publications like the others. In any case, a clear increasing trend of the high-

variety research is apparent from the uplift of the right tail of the distribution for all 

nine fields. 

 

Figure 2. Evolution of variety. Each subplot represents a field and each solid curve shows the kernel density 

distribution of variety for all publications in the corresponding period. The vertical dashed lines denote the 

mean of variety for each period. The same color for a solid curve and a dashed line means that they are 

describing the same period.   

The aforementioned findings illustrate the ever-increasing broadness of the knowledge 

base for research in Social Sciences, more significantly in less-specialized fields. 

Furthermore, such multi-discipline-sourced studies have become the mainstream of 

science production. Clearly, researchers in Social Sciences are absorbing more and 

more external knowledge or skills to advance their study.   

Evenness of the knowledge base 
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Contrary to variety, the mean balance exhibits a decreasing trend for all fields, which 

holds for both two indicators of evenness (Pearson coefficient = 0.975 for mean values). 

The largest drop can be found in Economics & Business, Psychology, and Political 

Science for more than 30% during the past 55 years. The average balance for Sociology, 

Law and Social & Economic Geography declined the least for around 20%. Psychology 

and Media & Communications continued to be the fields with the lowest balance (9th 

and 8th respectively) throughout the period, while Law remained in the top 3 fields of 

this parameter.  

Figure 3. The evolution of balance (Shannon Evenness Index). (See captions in Figure 2 for description. 

Results for balance using Gini coefficient are available in Appendix.)  

Furthermore, changes in the peaks and skewness of the distribution are worthy to be 

closely examined. The peaks for all fields continued to evolve towards lower balance 

sections, which indicates the ever-growing unbalance in the knowledge base of 

scientific research. This statement can be strengthened by the shift of skewness from 

right to left for some fields, which also illustrates the increasing population of lower-

balance publications. As a robustness check, we also examined the temporal trends in 

balance with a controlled value for variety since an increasing variety might naturally 

cause a decrease in the value of balance. The results confirmed the original findings by 

comparing publications with equal value for variety (for example V = 5, see Appendix 
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A1) over time. 

The decreasing trend of balance is tightly related to knowledge base specialization 

(Foster et al., 2015). The formation of new research topics might result in clusters of 

disciplines that are more frequently and intensely referenced together which yielding a 

dominant knowledge combination. Such tendency indicates that researchers active in 

the Social Sciences tend to have a clearer and more strategic agenda in terms of how to 

situate their research and how to learn from their peer scientists. Furthermore, we 

suppose that the increasing broadness in knowledge base (i.e., variety) might as well be 

associated with the decrease in evenness (i.e., balance) to some extent. The occurrences 

of new disciplines (an increase of the value of variety) in the knowledge base might be 

naturally weak in intensity and proportions, which leads to an imbalanced knowledge 

base. What’s more, a decreasing balance, i.e. more specialized knowledge base, could 

serve researchers better in boosting research impact as balance is claimed to be 

negatively associated with long-term citations (J. Wang et al., 2015). Research that 

learns widely (high variety) and digs deeply (low balance) has greater potential to 

achieve more significant impact and visibility through interdisciplinarity. The 

increasing variety and decreasing balance indicate that researchers are wisely choosing 

their knowledge base so that they can benefit both from interdisciplinarity and 

specialization. 

Heterogeneity of the knowledge base 

Figure 4 shows the evolution of disparity. Unlike previous findings, the change of 

average disparity varies fundamentally and the universal increasing trend did not 

reappear. The largest increase in mean disparity can be found in Psychology with a 13.2% 

increase over 55 years, followed by Media & Communications and Educational 

Sciences in 2nd and 3rd place with an increase of around 5.5%. Sociology, however, 

maintains a similar level of disparity over the entire period. Based on the temporal trend 

in central tendency, we can separate all fields into two groups, the increasing ones, and 

the stable (fluctuating) ones. The increasing group, including Educational Sciences, 

Social & Economic Geography, Media & Communications, and Psychology, has 

achieved consistent growth over the time period considered, while those in the stable 

(fluctuating) group – Economics & Business, Sociology, Political Science, Law, and 
Other Social Sciences – fluctuates around a certain value and alters little. 
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 Figure 4. The evolution of disparity. (see captions in Figure 2 for description) 

We believe this distinction is related to their role in the scientific trading systems, i.e. 

knowledge importer/exporter, and knowledge dependent/independent fields. According 

to Yan et al. (2013), economics, business, and sociology are found to act as important 

knowledge exporters in Social Sciences. Political Science and Law exhibit high self-

citation rates indicating their relative knowledge independence. By contrast, fields with 

increasing disparities appear to be more dependent on other disciplines with either a 

low export/import ratio or a low self-citation rate, or both. Additionally, a stable 

heterogeneity in knowledge base for some fields, such as Economics, could also 

attribute to their reservations and skepticism towards research in other disciplines 

(Pieters & Baumgartner, 2002). 

An increasing heterogeneity indicates that researchers in these fields are referencing 

more “remote” or previously less connected disciplines to constitute their knowledge 

bases. As for the other group, the relatively stable distribution suggests that fields in 

this group did not experience a significant change in the heterogeneity of their 
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knowledge base, that is to say, the newly cited disciplines, if any, are not cognitively 

remote or exhibit a similar level of cognitive distance to the original knowledge base.  

Integrated IDR trends 

We calculated the evolution of integrated IDR using three indicators, namely DIV, 𝐷𝑠2 , 
and RS to investigate how the diversity of references as a whole evolves over time. 

Similar temporal trends are found in results for all three so here we only present one, 

namely 𝐷𝑠2  (see Appendix Figure A2 for the other two). The distribution of 𝐷𝑠2  for 
all nine fields is shown in Figure 5.  

Figure 5. Temporal trends in integrated IDR measurements for nine fields. Dots represent mean values and 

bars indicate their 99% confidence intervals. Different periods are indicated with different colors. The slope 

and its 95% confidence interval of a linear fit on the dots are shown in the top left of each subplot. 

It is obvious that publications from all fields in Social Sciences are, generally speaking, 

becoming increasingly interdisciplinary over time, with a few distinctions for each. 

Social & Economic Geography achieved the greatest rise (51.5%) and became the field 

with the highest average interdisciplinarity, replacing Sociology which used to occupy 

first place in 1960-1964. Psychology and Educational Science, both of which 

accomplished a significant rise (40.2% and 32.6%, respectively), are still the two least 

interdisciplinary fields. The increase of interdisciplinarity for Educational Sciences, 

Economics & Business, and Political Science seems to have accelerated from 1990 to 

2009, while that of Psychology, Social & Economic Geography, Sociology, and Law is 

slowing down in the 21st century. Almost all fields experienced the smallest increase 

in the most recent period compared to the increase in 2005-2009.  

In previous work by Porter and Rafols (2009), they reported a 5% increase for six 

research fields in STEM from 1975 to 2005 measured by the Rao-Stirling on journals. 

The increase for this same indicator over the same period is 6.65% on average for nine 
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fields in Social Sciences we study here. Even though a direct comparison is not viable 

due to different datasets and different measured subjects, this seems to corroborate with 

their findings and extend it from STEM to Social Sciences. 

What should be additionally pointed out is that interdisciplinarity is not ever-increasing 

for all fields and all periods. In the 1960s, Media & Communications and Political 

Science exhibit a temporal drop in interdisciplinarity on average. Something similar 

happened for Political Science and Economics & Business in the period 1980-1984. On 

the other hand, certain synchronicity in change for certain periods can be observed and 

might lead to some interesting implications. In addition to the simultaneous decrease 

mentioned above, a rather large increase in interdisciplinarity can be observed in the 

early 1970s and 2000s for many fields, for instance, Law, Social & Economic 

Geography, and Political Science. The increasing interdisciplinarity for almost all fields 

slowed down in the 1980s. Although the developments in interdisciplinarity are realized 

by each individual field itself with their own pace or characteristics, they might be 

synchronously facilitated or hindered by historical contexts. For example, 

internationalization, digitalization, mobility of researchers, and interdisciplinary 

programs in higher education may have provided a better infrastructure fostering 

scholarly communication and knowledge integration, eventually leading to increasing 

interdisciplinarity.  

The evolution of IDR: regression model 

As explained in Methods, we choose to compare the actual (raw) change in mean 

interdisciplinarity values with the controlled change excluding the effects of other 

confounding variables; the latter is embodied as the coefficient of the time variable in 

an OLS regression controlling 9 other variables. We take the logarithm of 𝐷𝑠2  as 

inputs for dependent variable since its distribution is log-normal upon visual inspection. 

Through the Variance Inflation Factor test, the regression models do not suffer from 

serious multicollinearity issues. In Table 2, we report the raw change and controlled 

change of interdisciplinarity values from 2005-2009 to 2010-2014 in our sub-sample. 

For instance, while (the log of) average interdisciplinarity has increased by .0159 (raw 

change) for Economics & Business between 2005-2009 and 2010-2014. After 

controlling for these variables, the average interdisciplinarity remains virtually stable, 

with a very slight decrease (-.0031), which shows the observed increase in 
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interdisciplinarity might be related to change in publication and author characteristics. 

Detailed results of regression for the field Economics & Business are presented in the 

Appendix as a demonstration.  

Table 2.  Comparison between raw and controlled change in average interdisciplinarity 
from 2005-2009 to 2010-2014. 

Results for integrated IDR indicators ( 𝑫𝒔𝟐 ) 

 Raw change (log) Controlled change (log) 

Economics & Business +.0159 -.0031*** 

Educational Sciences -.0007 -.0175*** 

Law +.0287 +.0079* 

Media & Communications +.0233 +.0080*** 

Other Social Sciences +.0091 -.0129*** 

Political Science +.0139 -.0188*** 

Social & economic geography +.0266 -.0103* 

Sociology +.0102 -.0047 

Psychology +.0153 +.0129*** 

Regression: ***p<0.01. **p<0.05. *p<0.1. 

 

After controlling for several confounding variables, the level of increase for average 

interdisciplinarity shrank in all nine fields, and that of Economics & Business, 

Educational Sciences, Political Science, Social & Economic Geography, and Sociology 

Results for single-component IDR indicators 

 Variety Balance Disparity 

 Raw Controlled Raw Controlled Raw Controlled 

Economics & Business +0.863 +0.015 -0.016 +0.004*** +0.003 -0.003*** 

Educational Sciences +0.476 +0.006 -0.011 +0.002*** -0.001 -0.005*** 

Law +0.530 +0.038 -0.019 -0.006*** +0.010 +0.003* 

Media & Communications +0.788 +0.206*** -0.011 +0.005*** +0.004 -0.002 

Other Social Sciences +0.516 -0.127*** -0.014 -0.001 +0.004 -0.002** 

Political Science +1.099 -0.179*** -0.027 +0.003*** +0.004 -0.005*** 

Social & economic geography +1.278 +0.099* -0.032 -0.005*** +0.010 +0.000 

Sociology +0.336 -0.081* -0.008 +0.001 +0.001 -0.003** 

Psychology +0.964 +0.416*** -0.018 -0.001*** +0.004 +0.001*** 

Regression: ***p<0.01. **p<0.05. *p<0.1. 
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shifts from positive to negative. Such a shrinking effect is less prominent in Law, Media 

& Communications, and Psychology. As suggested by one of the reviewers, a second 

group of regressions are conducted for robustness check which use year directly as an 

independent variable. Our observations are robust and the regression coefficients for 

year are in the same direction (positive or negative) and similar scales for most of the 

fields. The aforementioned shrinking effect did not only occur for results of integrated 

indicators but also single-component indicators such as variety and balance. The growth 

of mean variety is lessened in the regression analyses for all fields, the same for the 
change of average disparity and balance. 

Two special cases, namely, Psychology and Social & Economic Geography, are 

noteworthy in revealing two different patterns of evolutions of interdisciplinarity. The 

latter achieved the most significant increase in average interdisciplinarity. However, 

after controlling for several variables, a negative change is found for the most recent 

five years. On the other hand, Psychology, although not recognized as the most 

interdisciplinary field, achieved an increasing level of interdisciplinarity from both the 

perspective of the observational studies and the regression analyses. We believe these 

cases may relate to the two different interpretations as we highlighted in the research 

framework. An increasing level of interdisciplinarity can be induced either by the 

widening adoption of a certain interdisciplinary knowledge combination across 

different researcher demographics or by the novel knowledge combination introduced 

by a small group of researchers that eventually obsoletes established methodology. 

Nonetheless, it is important to differentiate which mode of interdisciplinary evolution 

disciplines are heading towards. 

Porter and Rafols (2009) claimed a modest increase in interdisciplinarity in STEM. In 

our opinion, it is hard to evaluate the level of such an increase due to the lack of ground 

truth (what quantifies as a large or small increase). Even so, based on the results from 

this section, the actual rise in interdisciplinarity may be even smaller than the one 

observed. The observed increase in the level of diversity in the knowledge base is likely 

inflated by other endogenous variables that are significantly associated with our current 

measurement of IDR.  
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Implications 

Understanding the evolution of interdisciplinarity plays a crucial role in deciphering the 

formation mechanism, characteristics, and potential drivers of IDR. As the result of 

knowledge integration, interdisciplinarity emerged from a dynamic process and should 

be thoroughly investigated from a temporal perspective.  

In this paper, we show that research from nine fields in Social Sciences has come to 

rely on a more interdisciplinary knowledge base over the past 55 years. This increase 

in interdisciplinarity poses opportunities as well as challenges to the research enterprise, 

for example, in terms of research assessment in different contexts. Among others, the 

compatibility or cognitive distance between evaluators and evaluatees is a crucial 

element for an unbiased, professional, and competent evaluation (Rahman et al., 2015), 

especially for interdisciplinary research. To ensure the quality and equality of 

evaluation, many funding agencies established extra guidelines and evaluative entities 

specifically for IDR. For instance, the Australian Research Council (ARC) allows 

researchers to identify their research proposal as interdisciplinary by assigning two or 

multiple distinct Field of Research (FoR) codes (Australian Research Council, 2018). 

ARC will then appoint relevant College of Expert (CoE) members with 

interdisciplinary expertise or broad disciplinary expertise to conduct a multi-panel 

evaluation. Nevertheless, most of the evaluation practices for scientific research today 

are still conducted within disciplinary silos and are more dependent on the expertise of 

domain experts. Based on the findings in this study, we argue that nowadays 

interdisciplinary knowledge integration is not merely the ingredient of IDR anymore 

but for disciplinary research as well. Evaluative entities equipped with diverse expertise 

will become increasingly necessary to cope with the increasing interdisciplinarity in 

regular research. In addition, evaluation by experts from different knowledge domains 

is a tricky practice in itself. As pointed out by Huutoniemi (2010, p. 311), quality of 

research is not “a unitary concept” and has “a distinct meaning within each discipline”. 

Significant cognitive differences or even contradictions would be expected for experts 

from disparate disciplines regarding their epistemic and practical views towards the 

“originality, soundness, feasibility, and relevance” of research (Huutoniemi, 2010). 

More discussions are necessary regarding how to ensure the quality and impartiality of 

the peer-review process under the rise of IDR.  
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Besides the evaluation process, the increase in interdisciplinarity also prompts us to 

consider the epistemology of Social Sciences in greater depth. Taking humans or human 

social activities as research subjects, Social Sciences are traditionally believed to follow 

the interpretation model, as opposed to the explanation model for STEM. Interpretation 

delivers “wisdom and practical knowledge, but has no scientific validity” because it 

lacks the “formulation of a regularity” (e.g. mathematical formulations) and rigorous 

reproducibility, and thus cannot enjoy conditions of cumulativeness (Bonaccorsi, 2022). 

Nowadays, some interdisciplinary movements in Social Sciences, for instance, the 

emergence of computational social science (CSS), may call into question the 

established epistemology. Much recent research in CSS utilizes large-scale datasets and 

advanced quantitative methodologies such as machine learning and causal inference to 

characterize, model, and even predict human activities. Their efforts seem to challenge 

the traditional conception of Social Sciences and create, at least, an illusion of 

explanation for human endeavors. Besides methodology, more research in Social 

Sciences is becoming more dependent on knowledge from STEM fields for validation 

or supplementation (e.g. psychology and neuroscience), making them partly situated on 

results from the explanation model. Will changes like these evoke a paradigm shift in 

Social Sciences and fundamentally change the way we understand research within these 

fields? If so, how should researchers and relevant stakeholders prepare for such a 

different epistemology?  

Finally, we would also like to highlight the significant heterogeneity within 

interdisciplinarity, as indicated by the complex temporal patterns of variety, balance, 

and disparity. In the current effort of quantifying interdisciplinarity, researchers are 

desperate to find a unified metric to gauge its intensity and hope to filter out the most 

IDR for additional decision-making. The level of interdisciplinarity is often regarded 

as a value in a continuous range that can purely move along a single axis (more or less 

interdisciplinary). However, much more variations and complexities can be found in 

different elements of interdisciplinarity. Interdisciplinarity might be increasing in 

variety but decreasing (or remain stable) in disparity, as found in the case of Economics 

& Business. Fields might have different trajectories of developing and embracing IDR 

and cannot be compared directly using the same scale. We should not reduce it to a 

single value and ignore the tremendous contextual information embedded in the 

practice of interdisciplinarity.  
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CONCLUSIONS 

This paper examines the evolution of interdisciplinarity in the knowledge base of nine 

broad fields from Social Sciences over a 55-year-long time window. The diversity of 

the knowledge base, as one aspect of interdisciplinarity, is observed and analyzed from 

a temporal perspective. Through regression models, we check whether such change, if 

any, can still be discovered among publications from different periods but with similar 

characteristics. We find that research from Social Sciences is nowadays on average 

reliant on 5-8 more disciplines than in the ‘60s, which contributes to growth in the 

overall level of interdisciplinarity. Yet, the increasing level of specialization in 

knowledge base, i.e. decrease in evenness, is also significant and universal, which could 

be influenced by the formation or emergence of specific research topics. Trends in the 

heterogeneity of the knowledge base vary among fields. The overall level of 

interdisciplinarity in the knowledge base appears to be generally increasing for all fields 

in these 55 years, although with different speeds and temporal drops for some. On the 

other hand, when controlling for several confounding variables, such an increase is 
smaller, even reversed, and nonuniversal among disciplines. 

An important implication that can be drawn here for researchers and policymakers is to 

understand what kind of interdisciplinarity that Social Sciences is marching toward. 

Becoming interdisciplinary exposes researchers to multiple knowledge sources that can 

potentially facilitate their research or inspire out-of-box thinking, but that does not 

necessarily lead to the eclipse of specialization. Learning widely and digging deeply is 

the new norm to achieve IDR and appears to be the most common approach in the 

Social Sciences.  

This study has several limitations. First, we investigated the temporal trends in 

interdisciplinarity using aggregated indicators. More contextual information regarding 

what kind of knowledge is integrated to fields in Social Sciences, i.e. from other Social 

Science fields or STEM fields, and temporal patterns of the preference of knowledge 

source are not explored. In addition, for the regression analysis, although we try to 

include as many variables as possible, there might still exist variables that explicitly or 

implicitly affect interdisciplinarity. In future studies, we will continue to unveil the 

dynamics of interdisciplinarity in Social Sciences and provide a contextualized 
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understanding of the formation of interdisciplinarity. 
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APPENDIX 

 

Table A1. Mapping of original discipline labels in MAG to nine Social Sciences fields 

Remapped fields Original L1 labels in MAG 

Psychology applied psychology, clinical psychology, cognitive psychology, 

developmental psychology, psychoanalysis, psychotherapist, 

social psychology,  

Economics & Business 

 

accounting, advertising, business administration, classical 

economics, commerce, development economics, econometrics, 

economic history, economic policy, economic system, economy, 

environmental economics, finance, financial economics, 

financial system, industrial organization, international 

economics, international trade, keynesian economics, labour 

economics, law and economics, macroeconomics, management, 

market economy, marketing, mathematical economics, 

microeconomics, monetary economics, neoclassical economics, 

political economy, positive economics, public economics, 

socioeconomics, welfare economics 

Educational Sciences mathematics education, medical education, pedagogy 

Sociology gender studies, anthropology, ethnology, demography 

Law law, criminology 

Political Science public administration, public relations 

Social & Economic Geography economic geography, environmental planning, environmental 

protection, environmental ethics 

Media & Communications communication, library science, media studies 

Other Social Sciences social science 
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Figure A1. Temporal trends in balance for publications with variety=5 

  

Figure A2. Temporal trends in integrated IDR measurements. 
 

  



Table A2. OLS regression results on interdisciplinarity 
Field: Economics and Business 

 True Diversity: ln ( 𝐷𝑠2 ) Variety Balance Disparity 

 (1) (2) (3) (4) (5) (6) (7) (8) 

Time  
0.0159 

(0.001) 

-0.0031 

(0.001) 

0.8634 

(0.017) 

0.0154# 

(0.013) 

-0.0164 

(0.000) 

0.0041 

(0.000) 

0.0027 

(0.000) 

-0.0033 

(0.000) 

Reference count 

 
0.0041 

(0.000) 
 

0.2204 

(0.002) 
 

-0.0040 

(0.000) 
 

0.0008 

(0.000) 

Reference age 

 
0.0041 

(0.000) 
 

0.0362 

(0.001) 
 

0.0017 

(0.000) 
 

0.0019 

(0.000) 

ln(C2) 

 
0.0325 

(0.001) 
 

0.4121 

(0.016) 
 

-0.0145 

(0.000) 
 

0.0072 

(0.000) 

JIF 

 
-0.006 

(0.000) 
 

0.0073# 

(0.007) 
 

-0.0015 

(0.000) 
 

-0.0009 

(0.000) 

Team Size 

 
0.0131 

(0.000) 
 

0.1132 

(0.006) 
 

-0.0036 

(0.000) 
 

0.0037 

(0.000) 

AVG(author productivity) 

 
0.0016 

(0.000) 
 

0.0127 

(0.001) 
 

0.0006 

(0.000) 
 

0.0001# 

(0.000) 

AVG(author impact) 

 
-0.0069 

(0.000) 
 

-0.0594 

(0.006) 
 

-0.0119 

(0.000) 
 

0.0025 

(0.000) 

AVG(author connection) 

 
0.0006 

(0.000) 
 

0.0078 

(0.001) 
 

-0.0000 

(0.000) 
 

0.0001 

(0.000) 

AVG(author seniority) 

 
0.0015 

(0.000) 
 

0.0165 

(0.001) 
 

0.0017 

(0.000) 
 

-0.0003 

(0.000) 

Constant 
1.2615 

(0.001) 

1.0466 

(0.002) 

12.2507 

(0.013) 

5.2889 

(0.025) 

0.5488 

(0.000) 

0.7111 

(0.001) 

0.9143 

(0.000) 

0.8526 

(0.001) 

Log-likelihood -3.98e+05 -3.63e+05 -2.63e+06 -2.31e+06 2.95e+05 5.29e+05 5.60e+05 5.85e+05 

F-statistic 279 3587 2567 21890 1793 22650 98 2009 

Standard errors are in parentheses 

# not statistically significant at 0.10 level. The rest are statistically significant at 0.01 level. 



Data validation tasks 

Task 1: Is MAG assigning more discipline labels to recent publications than older ones, which could 
nullify the discovered increasing trends in variety by claiming the observed increase is an artefact 
of the dataset? 

Figure A3 shows the distribution of avearage number of L1 labels for referenced publications 
investigated in this study. It indicates that publications published in recent years are indeed assigned more 
L1 labels than those in earlier periods. But the level of difference (increase) is minor and not substantial 
enough to overturn our findings. 

 

Figure A3. Average number of discipline labels (L1) for investigated references.  

Task 2: Are some disciplines relatively new and did they therefore not appear in the earlier periods? 

All 60 studied disciplines are present throughout our selected time span. We present cases for two 
disciplines, namely gender studies (rise in prominence around 1990s) and media studies (first M.A. 
program around 1975). In Figure A4, we can see that they both have been present in our dataset since the 
1960s. 

  

Figure A4. Temporal trends of publications share for two research domains.  



Table A3. Summary for publications studying temporal trends of interdisciplinarity 

Source Data & Classification Scheme Measurement Discipline/Region Period Main Results 

Porter and Rafols,  

2009 

Data:  

Web of Science 

Sampling 1000 articles on average for each 
categories and year (1975, 1985, 1995, and 
2005) 
 

Classification Scheme: 
Web of Science subject category 

Disciplinary diversity in reference; 
Rao-Stirling index; 

Six research field from STEM  

• Biotechnology & Applied Microbiology 

• Engineering, Electrical & Electronic 

• Mathematics 

• Medicine – Research & Experimental 
• Neurosciences 

• Physics – Atomic, Molecular & Chemical 

1975-2005 “Modest increase (mostly around 5% growth);” (p. 
719) 
“Science is indeed becoming more 
interdisciplinary, but in small steps.” (p. 719) 

Levitt et al. 
2011 

Data: 
Web of Science 

 

Classification Scheme: 
Web of Science subject category  

Percentage of cross-disciplinary citing 
documents (PCDCD) 

Social Sciences and its subfields 1980-2000 Decrease in the 1980s, sharp rise in the 1990s. 

Chang & Huang, 
2012 

Data: 
SSCI, Thomson Reuters 

1,536 articles published in 10 journals from 
LIS 

 

Classification Scheme: 
Library of Congress classification (LCC) 

Disciplinary diversity in reference and 
author affiliation; 
Brillouin index; 

Library and Information Science (LIS) 1978-2007 “The degree of LIS interdisciplinarity increased 
between 1978 and 2007.” (p. 28) 

Raj Kumar Pan et al., 
2012 

Data:  

All published articles in Physical Review 
journals 

 

Classification Scheme: 
Physics and Astronomy Classification 
Scheme (PACS) 

Interconnections between its subfields; 
Average number of links per code and 
average link weight, new links from 
dissimilar branches of the hierarchy; 
 

Physics 1985–2009 “Steady increase, indicating increased 
connectivity between different subfields of 
physics;” (p. 7) 
“increase in interdisciplinarity between the 
subfields of physics, as dissimilar branches of the 
PACS hierarchy are becoming increasingly 
connected;” (p. 3) 

Lužar et al.,  

2014 

Data:  

SICRIS national database (Slovenia) 
 

Classification Scheme: 
SICRIS field labels for researcher 

Disciplinarity diversity within 
communities of collaboration network; 
Proposed new measurement; 

Slovenia 1960-2010 Modest increase in 1970s and 1980s, minor 
decrease in 1985 to 1990, and remain stable 
afterwards. 
“The frequency of interdisciplinary research is 
only proportional with the overall growth of the 
network.” (p. 1) 

Larivière & Gingras, 
2014 

Data: 
Web of Science 

 

Classification Scheme: 

References to journals in a different 
discipline 

General Science 1900-2010 Increase since the mid-1980s 
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Web of Science subject category 

Chen et al., 
2015 

Data: 
Web of Science 

1,539,526 publications in the field of BMB  

 

Classification Scheme: 
Web of Science subject category 

Disciplinary diversity in reference; 
Rao-Stirling index; 

Biochemistry and Molecular Biology (BMB) 1910-2010 “Doubles over the century with a 32% increase 
during 1975-2005”; (p. 1315) 
“The rise in interdisciplinarity is stronger in BMB 
than in the six disciplines which Porter and Rafols 
investigated.” (p. 1315) 

Karlovčec & Mladenić, 
2015 

Data: 
SICRIS national database and COBISS 
national bibliographic database  
(Slovenia) 
 

Classification Scheme: 
SICRIS field labels for researcher 

Disciplinarity diversity of 
collaboration network; 
Proposed new measurement, an 
extension of Stirling’s diversity index; 

Slovenia 1996-2013 Increasing trend. 

Craven et al.,  

2019 

Data: 
Web of Science 

97,945 articles related to biodiversity 

 

Classification Scheme: 
Web of Science subject category 

Extracted terms from the title and abstract, 
via a continuous dynamic topic model 
(LDA-cDTM)  

Concept diversity and subdiscipline 
diversity; 
“ species richness and the effective 
number of species for the probability 
of interspecific 
encounter…(1/Simpson's  index)” 
(p.6747) 

Biodiversity Science 1990-2012 “either stable or declining concept or subdiscipline 
diversity” (p.6752) 

Gates et al., 
2019 

Data: 
Web of Science 

19,252,639 publications 

 

Classification Scheme: 
Web of Science subject category 

Disciplinary diversity in reference; 
Rao-Stirling index; 

General Science 1900-2017 Increasing.  

“ a typical article is inspired by and impacts three 
times more disciplines this decade than it did 50 
years ago.” (p. 34) 


