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Increasing interdisciplinarity has been a policy objective since the 1990s, promoted by many governments and funding agencies, but the question is how deeply has this affected the social sciences? Although numerous articles have suggested that research has become more interdisciplinary, yet no study has compared the extent to which the interdisciplinarity of different social science subjects has changed. To address this gap, changes in the level of interdisciplinarity since 1980 are investigated for subjects with many articles in the Social Science Citation Index (SSCI), using the percentage of cross-disciplinary citing documents (PCDCD) to evaluate interdisciplinarity. For the fourteen SSCI subjects investigated, the median level of interdisciplinarity, as measured using cross-disciplinary citations, declined from 1980 to 1990, but rose sharply between 1990 and 2000, confirming previous research. This increase was not fully matched by an increase in the percentage of articles that were assigned to more than one subject category. Nevertheless, although on average the social sciences have recently become more interdisciplinary, the extent of this change varies substantially from subject to subject. The SSCI subject with the largest increase in interdisciplinarity between 1990 and 2000 was Information Science & Library Science (IS&LS) but there is evidence that the level of interdisciplinarity of IS&LS increased during the first decade of this century. 
Introduction
There has been a move towards increased interdisciplinarity in recent decades in the belief that some problems are too complex to be solved in a single discipline.  Studies of this phenomenon have used a variety of related terms that do not have standardised meanings, however. Research is sometimes regarded as interdisciplinary if it integrates approaches or assumptions across disciplinary boundaries, and multidisciplinary or cross-disciplinary if it combines approaches or assumptions from more than one discipline without necessarily integrating them.  Often it is difficult for the outsider to distinguish between the two, especially from a bibliometric perspective, and so all three terms are used as synonyms here.

Multidisciplinarity has been encouraged in science policy (Moed, 2005; Rafols & Meyer, 2007) both by creating multidisciplinary centres and by funding multidisciplinary research projects (Bordons, Zulueta, Romero & Barrigon, 1999). Recently there has been a rise in the number of policy initiatives and the amount of funding aimed at promoting cross-disciplinary collaboration between different fields (e.g., Moed, 2005), leading to claims that cross-disciplinarity has become the 'mantra of science policy' since the mid 1990s (Rafols & Meyer, 2007). The reason for this change is clear; many science policy documents express high expectations of the benefits of multidisciplinary research (Rinia, Van Leeuwen, Bruins, Van Vuren & Van Raan, 2002). Moreover, an influential early theoretical analysis of this phenomenon claimed the existence of a modern problem-based style of research, dubbed “mode 2” that tended to be interdisciplinary (Gibbons, Limoges, Nowotny et al., 1994).
Possibly in response to the above changes, it has long been suggested that research has become more interdisciplinary (Wilson & Edelman, 1996; Mansilla, Feller & Gardner, 2005; Schroeder, 2008; Lee, McDonald, Anderson & Tarczy-Hornoch, 2009). This apparent increase in interdisciplinarity has also been perceived from the perspective of information science. Almost two decades ago library users' research interests and needs were considered to have become increasingly interdisciplinary (Bartolo & Smith, 1993), cross-disciplinary databases became accessible over the Internet (Stebelman, 1994), and information, techniques, and tools were being increasingly imported and exported across disciplinary boundaries (Palmer, 1996). More recently, from a librarian's perspective, Hickey (2006) also noted an increasing emphasis on inter disciplinary and cross-disciplinary scholarship.  In addition, Warner (2001) has indicated that the growth of technological use might have resulted in the possible extension of the disciplinary boundaries of library and information science,
There is much research into interdisciplinarity, especially in the hard sciences. However, there is relatively little direct evidence on the extent to which the recent increased emphasis on interdisciplinary research has been accompanied by an increase in interdisplinarity in social science. The motivation for this study is to examine whether this has occurred and, if so, to what extent the increase varies between subjects.  
Related research 
An investigation of interdisciplinarity requires a method for assigning disciplinarity. In this review, the related research for science is grouped in accordance with the method by which disciplinarity has been assigned; social science research is reviewed last. As Wagner et al. (in press) show, there are many different approaches to measuring interdisciplinarity.

Disciplinarity has been assigned on the basis of author affiliation; for example, an author affiliated to a chemistry department would have their articles classified as chemistry. This has the drawback that researchers are not always specialists in their department's discipline. This method has been used to investigate interdisciplinary collaboration (Qiu, 1992), how often authors from one discipline publish in another discipline's journals (Pierce, 1999), the interdisciplinary nature of nanotechnology journals (Schummer, 2004), and changes in the percentage of cross-disciplinary citations (Ortega & Antell, 2006). In particular, Ortega and Antell investigated Web of Science (WoS) articles published in the years 1985, 1990, 1995 and 2000 by authors in science departments at twelve US universities. They found major variations between disciplines in the percentage of citations that were cross-disciplinary (CDC); for example, in chemistry the number of CDC in 2000 was approximately 10% higher than in 1990, whereas in physics it was more than 20% lower.

Disciplinarity has also been assigned using WoS subject categories. This approach, adopted in the current study, has the advantage over assignment according to author affiliation in that it is more suited to large-scale investigations, but it has the limitation of WoS giving the same subject designations to all articles in a journal. More than 20 years ago citations across disciplinary categories were rare (Porter & Chubin, 1985). More recent studies have shown that the level of interdisciplinarity varies considerably between disciplines (Qin, Lancaster & Allen, 1997), cross-disciplinary citations tend to occur later than citations within the same discipline (Rinia, Van Leeuwen, Bruins, Van Vuren & Van Raan, 2001) and 25% of WoS journals are classified in more than one discipline (Rinia, Van Leeuwen, Bruins, et al., 2002). Some investigations have also analysed individual subjects: Van Leeuwen and Tijssen (2000) found that meteorology research had become substantially more interdisciplinary and Dutch physics was found to include varied levels of interdisciplinarity, with important implications for research evaluation (Rinia, Van Leeuwen & Van Raan, 2002). 
Using the 2008 Journal Citation Reports on the Science and Social Science Citation Index, Leydesdorff and Rafols (2011) compared diverse other indicators of interdisciplinarity. An investigation of 97 library and information science dissertations (Sugimoto, 2010) found that the level of citation of their authors depended critically on the genre (e.g., article, book or conference presentation) of the cited document, thereby indicating that findings on interdisciplinarity may depend on the genre of the cited documents investigated.   

Two recently published studies have examined the growth of interdisciplinarity. Porter and Rafols (2009), in an investigation of six WoS science subject categories (Biotechnology & Applied Microbiology, Engineering, Electrical & Electronic, Mathematics, Medicine - Research & Experimental, Neurosciences and Physics - Atomic, Molecular & Chemical), found that the average level of interdisciplinarity was 50% higher in 2005 than in 1975. In contrast, Larivière and Gingras (2010) examined the possible link between interdisciplinarity and high citation; in an investigation of all articles WoS articles published in 2000, they did not find any clear correlation between the level of interdisciplinarity of articles and their citation rates. Their research used article references to measure interdisciplinarity. 
In addition to the above analyses of science, there have been some investigations related to social science as a whole or to individual social sciences. However note that, for 2004, 17.6% of the 1,712 Social Science Citation Index journals were also Science Citation Index journals (Leydesdorff, 2007). An early study found that a few journals accounted for most of the cross-disciplinary citing of information science by communication (Borgman & Rice, 1992), showing that disciplines should not be regarded as homogeneous, but have internal differences that can be reflected in individual journals. Cross-citation between communication and library and information science articles (Rice & Crawford, 1992) has also been investigated finding possible convergence between 1977 and 1987 for some common topics (pragmatic issues of telecommunication policy, social [not technical] research on computer-mediated communication, and some uses of documents and archives), illustrating that two ostensibly separate disciplines moved closer over time. Chua and Yang (2008) compared the disciplinary origins of JASIST articles published in 1988-1997 with those published in 1998-2007. They found that the earlier articles were predominantly written by authors affiliated to departments in library or information science, whereas the later articles also included authors affiliated to departments in information systems management, information technology, business, and the humanities, possibly showing a broadening of the scope of the discipline. This is in partial agreement with a finding that the cross-disciplinary citation of 150 library and information science articles was particularly high for publications in computer science, communication, management science, education, and psychology (Tang, 2004). More recently, there seems to have been an increase in the level of citation of the broader subject of information studies (operationalised as a list of 275 journals and conference proceedings) by computer science, engineering, business and management (Cronin & Meho, 2008). 
Finally, Gingras and Larivière (2010), in an investigation of 25 million WoS papers published between 1900 and 2008, found that the level of interdisciplinarity of social science, as calculated using article references, declined gradually from 1965 to 1992, but has risen sharply since 1994. However, Gingras and Larivière did not examine the behaviour of individual social science subjects or conduct follow-up investigations to verify their findings. Moreover, none of the studies in this review compared the changes of interdisciplinarity of individual social science subjects. 

Research questions 
This research aims to establish whether social science has recently become uniformly more interdisciplinary; and to provide some understanding of factors that may account for any increase in interdisciplinarity. These objectives are pursued by conducting citation analysis on SSCI (Thomson Reuters, 2011) subject categories within WoS. 
The advantage of using citation analysis in this investigation is that it provides macro-information information on a large number of articles. WoS is used rather than Scopus (Elsevier, 2011), as Scopus does not provide citation data on articles published prior to 1995. The SSCI subject categories are used in the classification of journals, as they enable data to be collected on all subject categories and are widely used in scientometric investigations. 
For the first aim, this study addresses the following question, for social science subjects with a sufficiently large number of articles. 
Question 1: To what extent has the level of interdisciplinarity increased recently across all areas of social science? The hypothesis for this research question is that interdisciplinarity has increased unevenly across the social sciences. The rationale for addressing this question is that recent changes in interdisciplinarity could be indicative of the success of recent policy initiatives to increase interdisciplinarity.
In order to pursue the second aim, this study further investigates two subjects in which there have apparently been recent large increases in interdisciplinarity. It addresses the following research questions:
Question 2: To what extent does the apparent increased level of interdisciplinarity reflect changes in the set of journals in SSCI subject categories? 
Question 3: To what extent was there an increased level of interdisciplinarity in the most highly cited articles in each subject?

Question 4: For the articles in the combination of a subject with other subjects, to what extent does the level of interdisciplinarity vary over time or with subject combination?

The rationale for addressing the second question is that this gives an indication of the extent to which disciplinary boundaries have been adjusted to changes in interdisciplinarity, thus influencing bibliometric studies of interdisciplinarity.  The rationale for addressing the third question is that it indicates whether changes in interdisciplinarity have been more marked amongst highly cited articles, which are presumably the most influential publications. The rationale for addressing the fourth question is that it indicates the extent to which changes in interdisciplinarity vary according to the focus of the subject (reflected by the subject combinations). Although this investigation of interdisciplinarity was motivated by policy considerations, it should not be assumed that increases in interdisciplinarity are due to changes in policy.  It is outside the scope of this research to assess the extent to which these changes have been due to changes in policy or other factors, such as awareness or access to online material, or changes in database coverage.

Methods

This study assigns disciplinarity on the basis of the WoS subject categories.  The rationale for choosing this method of assigning disciplinarity is that it enables the type of macro-level investigation of disciplinarity required to address the research questions.  A disadvantage of this form of assignment is that it is more coarse-grained than the assignment of disciplinarity at the article level.  Specifically, in the method of assignment used all articles in a journal are assigned to same subject category or categories, and hence to the same discipline(s). 
As introduced above, there are many potential metrics for interdisciplinarity. Porter and Rafols (2009) used the average number of cited categories per article as an indicator of interdisciplinarity. They also used an indicator of both the number of subject categories cited by a paper and also the extent to which the subjects differed. Similarly, Gingras and Larivière (2010) and Larivière and Gingras (2010) used the percentage of references to journals of other subjects. This current study uses the percentage of citing documents that are outside the subject. Citing documents are used rather than references, which would be a reasonable alternative and have been used in other studies. A high level of citation interdisciplinarity indicates that much of the impact of an article is outside the discipline of the article; a high level of reference interdisciplinarity indicates that much of the impact of other articles on an article is outside the discipline of the article. However, there does not seem to be clear evidence that one is preferable to the other, and so citations were used for convenience.

This study gauges the interdisciplinarity of a subject by evaluating the percentage of cross-disciplinary citing documents, PCDCD, of the subject, defined by

PCDCD = 100 * NCD / N

where NCD is the number of citing documents that are not in the subject, N is the total number of citing documents, and both NCD and N exclude author self-citation. NCD is calculated by subtracting from N the number of citing documents that are in the subject. ‘Citing documents’ is the set of all documents that refer to the documents that are cited (the cited documents). ‘Author self-citation’ occurs when the citing document has at least one author in common with the cited document; although the percentage of self-citation is usually low, it is generally omitted from citation investigations. 
Question 1 is addressed by investigating the extent to which the PCDCD  varies with subject and over time. 
Question 2 is addressed by comparing two time periods, and establishing to what extent the PCDCD of the subject for journals published in both periods differs from the percentage for journals published in only one period. It is also addressed qualitatively by inspecting time series graphs to look for sharp jumps that might reflect changes in journal categorisation.
Question 3 is addressed by investigating, for the most highly cited articles in the subject in the year, the extent to which the number of citing documents and PCDCD of the subject vary. 
Question 4 is addressed by establishing for articles in the combination of subject A and other subjects, the extent to which the PCDCD of subject A varies over time or with subject combination.
The main data used in this paper is from the 14 SSCI subjects for which a minimum of 1,500 articles were published in both 1990 and 2000. Data on the number of citing documents is evaluated with a citation window of eight years, long enough for the vast majority of citations to have occurred.
When collecting the data from WoS online, the following features were used:

(a) Isolating all articles in the SSCI in a year, by specifying in the General Search that ‘A* OR B* OR C* OR D* OR E* OR F* OR G* OR H* OR I* OR J* OR K* OR L* OR M* OR N* OR O* OR P* OR Q* OR R* OR S* OR T* OR U* OR V* OR W* OR X* OR Y* OR Z* OR 0* OR 1* OR 2* OR 3* OR 4* OR 5* OR 6* OR 7* OR 8* OR 9*’ should be in the publication name. This method was introduced in Levitt and Thelwall (2007) and used extensively in Levitt and Thelwall (2008, 2009).

(b) Identifying the citing documents without author self-citation, by using the Create Citation report.

(c) Limiting the citing documents to an eight year window, by using the Analyse facility.

(d) Identifying the most highly cited articles by sorting the articles in a subject by Times Cited. 

A limitation of delineating disciplinarity using WoS subject categories is the considerable degree of overlap between the categories: One old study found 25% of WoS journals were found to be in more than one subject category (Rinia, Van Leeuwen, Bruins, et al., 2002).  However, other methods of delineating disciplinarity are not suited to the type of macro-level investigation conducted in this paper.
Findings

Table 1 reports the PCDCD for subjects with at least 1,500 articles published in 1990 and 2000 and the final column indicates the increase in interdisciplinarity. Note that WoS classifies neuroscience as a social science rather than a science, perhaps because the majority of neuroscience articles are typically also classified as psychiatry or a type of psychology (e.g., in 2007 the percentage of neuroscience articles also in these categories was 56.5%). 
Table 1: The percentage of cross-disciplinary citing documents for every ten years from 1980.

	Subject
	PCDCD 1980 
	PCDCD 1990
	PCDCD 2000
	PCDCD 2000 divided by PCDCD 1990

	Business
	48.9%
	51.4%
	58.7%
	1.14

	Economics
	31.3%
	32.0%
	43.1%
	1.35

	Education & Educational Research
	43.0%
	41.1%
	50.7%
	1.23

	Information Science & Library Science
	19.5%
	26.3%
	57.8%
	2.20

	International Relations
	58.2%
	55.2%
	60.9%
	1.10

	Law
	62.3%
	23.5%
	42.8%
	1.82

	Management
	52.7%
	49.5%
	55.4%
	1.12

	Neurosciences
	61.4%
	50.4%
	48.0%
	.95

	Political Science
	53.6%
	51.5%
	55.1%
	1.07

	Psychiatry
	48.6%
	46.9%
	53.2%
	1.13

	Psychology
	74.3%
	74.7%
	81.5%
	1.09

	Public, Environmental & Occupational Health
	65.9%
	65.7%
	68.0%
	1.04

	Social Sciences, Interdisciplinary
	78.3%
	82.4%
	82.0%
	1.00

	Sociology
	58.5%
	62.0%
	66.9%
	1.08

	Median
	55.9%
	50.9%
	56.6%
	1.11


In response to Question 1, Table 1 indicates that the median PCDCD for 1980 was similar to that for 2000 but there was a substantial increase in the median PCDCD between 1990 and 2000. The decrease in interdisciplinarity between 1980 and 1990 seems surprising, but is consistent with the findings of Gingras and Larivière (2010), who used references rather than citations in their indicator of interdisciplinarity. They found that the level of interdisciplinarity of social science as a whole, indicated by references outside of the speciality, decreased gradually but steadily during the period 1965 to 1992 (from about 60% to 50%), but has risen sharply since 1994 (from about 50% to 65%).

In terms of deviations from the overall pattern, Table 1 indicates: (a) substantial PCDCD variations between subjects (for articles published in 1990, the percentage was under 27% for Law and for Information Science & Library Science, but over 65% for Public, Environmental & Occupational Health, for Psychology and for Social Sciences, Interdisciplinary) and (b) substantial PCDCD variations within subjects over time (for articles published in 1980, 1990 and 2000, for Information Science & Library Science the PCDCD was 19.5%, 26.3% and 57.8% and for Law it was 62.3%, 23.5% and 42.8%). Two possible explanations for (b) are disciplinary changes and categorisation changes that impact on the set of journals in a subject. The possibility of the latter is examined below for two subjects (Economics and Information Science & Library Science). 

It is important to investigate the extent to which the increase on interdisciplinarity between 1990 and 2000, indicated by Table 1, was accompanied by major changes between the set of journals in 1990 and the set in 2000.  This investigation is conducted by evaluating for the 14 subjects examined in Table 1: (a) the percentage of the articles published in 2000 that are not in the set of journals in the subject in 1990 and (b) the percentage of the journals published in 2000 that are not in the set of journals in the subject in 1990.  This data in presented in Table 2.

Table 2: The extent to which the sets of articles and journals published in 2000 are not in the set of journals published in 1990.

	Subject
	Articles published in 2000
	Percentage of  2000 articles not in the 1990 journal set
	Percentage of 2000 journals not in the 1990 journal set

	Business
	2,689
	19.6
	60.6

	Economics
	6,780
	26.7
	35.9

	Education & Educational Research
	3,157
	29.5
	29.3

	Information Science & Library Science
	1,984
	39.1
	51.6

	International Relations
	1,563
	26.5
	30.2

	Law
	2623
	19.7
	19.8

	Management
	3,136
	48.9
	53.6

	Neurosciences
	2,765
	40.7
	63.6

	Political Science
	3,125
	23.5
	29.5

	Psychiatry
	6,024
	32.7
	46.5

	Psychology
	2,817
	25.1
	31.7

	Public, Environmental & Occupational Health
	4,191
	47.1
	56.3

	Social Sciences, Interdisciplinary
	1,745
	28.5
	35.7

	Sociology
	2,467
	23.1
	26.0

	Median
	2,791
	27.6
	35.8


A comparison of the last column of Table 1 with the last two columns of Table 2 does not indicate a positive association, between 1990 and 2000, between increases in interdisciplinarity (as indicated by the PCDCD) and changes in the journal set.  For example, the PCDCD of Information Science & Library Science rose by 120% and the PCDCD of Neurosciences fell by 5%, whereas the percentage of articles published in 2000 that were not in the 1990 journal set was lower for Information Science & Library Science than for Neurosciences.  Moreover, the following Spearman correlations were found to be negative: (a) between PCDCD and the percentage of the articles published in 2000 that are not in the set of journals in the subject in 1990 (-.19, not significant) and (b) between PCDCD and the percentage of the journals published in 2000 that are not in the set of journals in the subject in 1990 (-.20, not significant).
The five subjects with the largest increase in interdisciplinarity between 1990 and 2000 (i.e., the five with the highest values in the last column of Table 1) are Information Science & Library Science, Psychology, Law, Economics, and Education & Educational Research. For Psychology the percentage of citing documents in the subject for 1990 is less than half that of any of the other four subjects, and for this reason Psychology is omitted from the next investigation. For the four subjects other than Psychology, the mean percentage of citing documents was evaluated for every two years from 1986 to 2000 (see Figure 1). The period 1986-2000 was chosen because the median percentage of citing documents in the subject fell between 1990 and 2000 by 6.1 (Table 1) and the full extent of the fall to 2000 can be examined by extending the period to 1986.
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Figure 1: PCDCD for Economics, Information Science & Library Science, Education & Educational Research and Law for the period 1986 to 2000. 

In Figure 1, the mean PCDCD rose for every two year period between 1990 and 2000, but its value in 1990 was almost identical to that in 1986. For this reason it was decided to investigate Questions 2, 3 and 4, by comparing the findings for 1990 with the findings for 2000. For each year two subjects were investigated. Information Science & Library Science (IS&LS) was chosen because it is the subject that had the largest fall in percentage of citing documents in the subject between 1990 and 2000; Economics was chosen because it is the subject with the most articles published in 1990. The choice of subjects does not seem likely to have significantly affected the findings because the fall in percentage of citing documents in the subject was roughly in unison across the four subjects. Note also that the almost continual increase shown in Figure 1 is more consistent with an overall increase in interdisciplinarity within the subject category than with an artificial increase caused by journal categorisation or selection policy changes, as the latter could be expected to produce a single sharp change.
In response to Question 2, data was collected on the PCDCD for the journals in the subject with articles published in both 1990 and 2000, in 1990 but not 2000, and in 2000 but not 1990 (see Table 3).
Table 3: Comparison of citation of journals in both 1990 and 2000 with citation of journals in only one of 1990 and 2000.

	Category
	Articles
	Citing documents
	PCDCD

	
	1990
	2000
	1990
	2000
	1990
	2000

	Economics journals in both 1990 and 2000
	4,452
	4,834
	19,895 
	35,142
	31.2%
	39.9%

	Economics journals in only 1990 
	710
	-
	944 
	-
	43.6%
	-

	Economics journals in only 2000
	-
	1,798
	--
	10,008 
	-
	50.0%

	IS&LS journals in both 1990 and 2000
	1,021
	1,208
	1,925
	4,533
	28.3%
	43.3%

	IS&LS journals in only 1990 
	736
	-
	506
	-
	13.2%
	-

	IS&LS journals in only 2000
	-
	738
	-
	4,276
	-
	70.1%


Table 3 indicates that for Economics the increase in PCDCD for articles in journals in both years is very similar to that for journals in one year alone but for IS&LS, the PCDCD for journals published in 2000 but not 1990 (70.1%) is much higher than the percentage for journals published in 1990 but not 2000 (13.2%). This finding suggests that a considerable part of the increased IS&LS interdisciplinarity is due to the replacement of journals with higher citation in IS&LS with journals with lower citation in IS&LS. This could reflect either a rise in interdisciplinary journals within library and information science or an arbitrary categorisation change within the SSCI.
In order to address Question 3, for Economics and IS&LS and for 1990 and 2000 the PCDCD was calculated for the twelve most highly cited articles in the subject in the year, at the date of data collection (January 2010; see Table 4). Article titles are listed in the Appendix (Table 8).

Table 4: PCDCD changes in the most highly cited Economics and IS&LS articles.

	Citation rank
	Number of citing

documents
	PCDCD

	
	1990
	2000
	% in 1990
	% in 2000

	Economics

	1
	669 
	298
	15.7%
	27.1%

	2
	250
	363
	47.6%
	4.7%

	3
	107 
	162
	45.8%
	39.5%

	4
	105 
	116
	31.4%
	56.7%

	5
	171 
	115
	61.4%
	52.3%

	6
	154 
	102
	38.3%
	57.8%

	7
	191
	96
	8.4%
	59.5%

	8
	124 
	173
	50.0%
	21.0%

	9
	78 
	109
	33.3%
	50.0%

	10
	211 
	154
	12.8%
	23.0%

	11
	173
	175
	13.9%
	12.1%

	12
	113
	85
	7.1%
	55.5%

	Median
	163
	135
	32.4%
	44.8%

	IS&LS

	1
	89
	163
	70.8%
	44.9%

	2
	89
	63
	43.8%
	69.1%

	3
	32
	42
	6.2%
	69.1%

	4
	31 
	33
	29.0%
	68.9%

	5
	44
	33
	81.8%
	68.0%

	6
	36
	86
	61.1%
	11.3%

	7
	35 
	15
	25.7%
	84.5%

	8
	24
	33
	0.0%
	64.1%

	9
	25 
	70
	36.0%
	21.3%

	10
	25 
	25
	8.0%
	66.7%

	11
	19 
	22
	21.0%
	71.8%

	12
	21
	63
	4.8%
	25.0%

	Median
	32
	38
	27.4%
	67.3%


Table 4 reveals a significant difference between the two subjects because the median PCDCD for Economics in 2000 was 38% higher than that for 1990, whereas for IS&LS the median for 2000 was 146% higher than that for 1990. Moreover, there were large variations in the PCDCD between articles within each subject (for both subjects and years the minimum PCDD was less than 12% and the maximum PCDCD was greater than 59%). The results suggest that the increase in IS&LS interdisciplinarity may be mainly due to skewing by highly-cited articles rather than being a more widespread phenomenon within the subject. However, this is not true for Economics.
In response to Question 4, for Economics and IS&LS the PCDCD for articles published in 1990 was compared with the PCDCD for articles published in 2000 – both presented by overlapping subject category (see Tables 5 and 6). In Table 5, the overlapping subjects column lists all subjects that, for both 1990 and 2000, had at least one journal in both Economics and the overlapping subject (e.g., Business, Finance refers to all articles published in the year in both Economics and Business, Finance); the percentage of Economics articles denotes the number of articles in the subject combination expressed as a percentage of the Economics articles published in the year. Similar notation is used for Table 6. In Table 5, “AND” is used in the overlapping subjects column when two subject combinations contain the identical articles; for example, “Food Science & Technology AND Nutrition & Dietetics” indicates that the set of articles classified as both Economics and Food Science & Technology is identical to the set of articles classified as both Economics and Nutrition & Dietetics.

Table 5 PCDCD values for articles in Economics and other subjects.

	Overlapping subjects
	Percentage of Economics articles
	PCDCD

	
	1990
	2000
	% in 1990
	% in 2000

	Business, Finance
	11.8
	10.5
	34.4
	43.0

	Social Sciences, Mathematical Methods
	8.8
	11.0
	25.0
	33.3

	Planning & Development
	6.4
	5.3
	45.5
	56.2

	Agricultural Economics & Policy
	4.8
	4.3
	26.6
	43.2

	Political Science
	4.8
	3.9
	43.9
	56.8

	Statistics & Probability
	3.5
	3.3
	17.9
	29.1

	Mathematics, Interdisciplinary Applications
	3.5
	4.8
	24.5
	32.2

	History of Social Sciences
	2.7
	1.7
	28.9
	34.3

	International Relations
	2.5
	3.0
	29.6
	46.6

	Environmental Studies
	2.5
	5.1
	39.1
	56.4

	Business
	2.1
	1.3
	50.1
	47.4

	Area Studies
	1.7
	1.4
	36.9
	48.8

	Law
	1.7
	1.5
	52.9
	52.9

	Public Administration
	1.5
	.7
	52.5
	63.7

	Urban Studies
	1.4
	2.7
	36.2
	43.3

	Management
	1.4
	2.1
	62.5
	49.9

	Sociology
	1.2
	1.7
	50.7
	74.1

	History
	1.1
	.7
	31.0
	38.0

	Industrial Relations & Labor
	1.1
	1.4
	35.7
	49.2

	Geography
	.9
	1.1
	78.4
	45.9

	Education & Educational Research
	.7
	1.1
	23.1
	40.2

	Food Science & Technology AND Nutrition & Dietetics
	.6
	.5
	40.6
	55.9

	Psychology, Multidisciplinary
	.5
	.5
	35.0
	58.9

	Health Care Sciences & Services AND Health Policy & Services
	.5
	1.4
	53.9
	68.2

	Transportation
	.4
	.3
	55.0
	62.3

	Ethnic Studies
	.3
	.2
	64.7
	90.0

	Ethics
	.2
	.2
	35.2
	49.3

	Median
	1.5
	1.5
	36.9
	49.2


Table 6: PCDCD values for articles in IS&LS and other subjects.

	Overlapping subjects
	Percentage of IS&LS articles
	PCDCD

	
	1990
	2000
	% in 1990
	% in 2000

	Computer Science, Information Systems
	29.9
	29.2
	32.0
	60.3

	Multidisciplinary Sciences
	3.7
	12.2
	N/A *
	55.9

	Computer Science, Interdisciplinary Applications
	3.5
	7.2
	24.4
	61.4

	Telecommunications
	1.6
	2.4
	40.9
	64.0

	Communication
	1.6
	5.1
	40.9
	77.9

	Education & Educational Research
	1.6
	.2
	6.9
	100.0

	Law
	1.5
	1.3
	34.4
	32.0

	Social Sciences, Interdisciplinary
	1.5
	1.7
	63.2
	64.7

	Management
	1.3
	6.6
	63.1
	72.4

	Humanities, Multidisciplinary
	1.1
	.9
	22.2
	0.0

	Median
	1.6
	3.8
	33.2
	62.7


* no citing documents.

Tables 5 and 6 indicate that: (a) for Economics the median percentage size of the overlapping subject for 2000 is very similar to that for 1990, whereas for IS&LS the median percentage size for 2000 is more than double that for 1990, (b) the median increase in the PCDCD between 1990 and 2000, for both Economics and IS&LS (12.3 and 29.5) is similar to the overall increase in the PCDCD presented in Table 1 (11.2 and 31.5.) and (c) subject combinations differ substantially in their PCDCD; in 2000, for Economics the PCDCD ranged from 29.1% to 90% and for IS&LS it ranged from 0% to 100%. Could the increasing overlap between IS&LS and other subjects account for the interdisciplinarity citation changes over time? This seems unlikely because the median change is small (1.2%) in comparison with the PCDCD change (29.5%). Whilst some areas show bigger changes, the largest is only 8.5% (Multidisciplinary Sciences).
To follow up the main findings of the paper, some additional results are introduced here. First, has the level of interdisciplinarity of IS&LS continued to increase since 2000? The year 2000 was selected as the limit for the main investigation in order to use reliable citation data but more current analyses are also possible. PCDCD values were collected for IS&LS for every year from 1996 to 2009 (see Figure 2). In order to obtain some indication of interdisciplinarity in recent years, citation windows of 0, 2, 4 and 6 years were used. The results suggest that there has been a steady increase in interdisciplinarity in IS&LS, with a slowing down after about 2004.
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Figure 2: PCDCD for IS&LS for citation windows of 0, 2, 4 and 6 years for 1996 to 2009.
Another interesting issue is whether the increase in cross-disciplinary citation between 1990 and 2000 is matched by an increase in multidisciplinary publication. In order to address this question the percentage of articles in the subject and at least one subject was calculated for every subject in Table 1 and for 1990 and 2000 (see Table 7). Note that the method used here is again a great simplification and is reliant upon the SSCI categories. In particular, apparently monodisciplinary journals can contain multidisciplinary articles and journal classifications may not always be correct or may change over time. Nevertheless, this is a practical method to run a large-scale analysis and, if care is taken over the interpretation of the results, should give useful findings.

Table 7: Comparing the percentage of articles that are multidisciplinary.

	Subject
	Articles in the subject
	Percentage of article that are multidisciplinary 

	
	1990
	2000
	% in 1990
	% in 2000
	% in 2000 divided by % in 1990

	Business
	2123
	2688
	62.9%
	49.7%
	.79

	Economics
	5181
	6649
	53.7%
	54.9%
	1.02

	Education & Educational Research
	3021
	3157
	29.7%
	36.0%
	1.21

	Information Science & Library Science
	1765
	1966
	46.8%
	55.5%
	1.19

	International Relations
	1510
	1563
	70.1%
	65.8%
	.94

	Law
	2648
	2619
	44.7%
	41.3%
	.92

	Management
	1846
	3134
	94.0%
	80.6%
	.86

	Neurosciences
	1613
	2753
	90.9%
	86.4%
	.95

	Political Science
	3503
	3160
	54.2%
	49.0%
	.90

	Psychiatry
	4044
	6061
	54.9%
	62.3%
	1.13

	Psychology
	2485
	2887
	86.4%
	98.9%
	1.14

	Public, Environmental & Occupational Health
	2190
	4191
	58.2%
	59.3%
	1.02

	Social Sciences, Interdisciplinary
	2468
	1754
	81.3%
	73.7%
	.91

	Sociology
	2139
	2467
	53.6%
	55.0%
	1.03

	Median
	2329
	2820
	56.5%
	57.4%
	1.02


Table 7 indicates: (a) substantial differences between subjects in the percentage of multidisciplinary articles (for articles published in 2000, the percentage was under 42% for Education & Educational Research and Law, but over 80% for Management, Neurosciences and Psychology), (b) the median percentage of multidisciplinary articles published in 2000 is very similar to the median for articles published in 1990 and (c) the change in percentage of multidisciplinary articles between 1990 and 2000 varies from subject to subject but is not large (the percentage rose by more than 8% for Psychology and Information Science & Library Science and fell by more than 13% for Management and Business). Hence, the increase in cross-disciplinary citation is not fully matched by increases in multidisciplinarity.

Discussion and limitations
There are two important limitations associated with the methods used in this article. First, all articles in a journal are designated to the same category (or categories), and a consequence of this coarse-grained categorisation is a loss of precision in the findings. Second, the subject designation does not distinguish between articles solely in a subject and articles that are in more than one subject. However, these limitations seem more likely to affect the values of PCDCD than the comparison of values of PCDCD, and this study focuses on comparisons (between subjects and time periods). 

The findings relating to Question 1 suggest that although the average level of interdisciplinarity in social science increased between 1990 and 2000, there were considerable variations between subjects and the level of interdisciplinarity had previously fallen between 1980 and 1990. Figure 2 suggests that the increase in interdisciplinarity in IS&LS began slowing down after about 2004. The decrease in interdisciplinarity between 1980 and 1990 and increase in interdisciplinarity after 1990 are consistent with the findings of Gingras and Larivière (2010), who used references rather than citations in their indicator of interdisciplinarity. 
An interesting finding relating to Question 2, is that a considerable part of the increased interdisciplinarity of IS&LS is due to the replacement of journals with a higher proportion of citations in IS&LS by journals with a higher proportion of citations outside IS&LS; this could be regarded as replacing more monodisciplinary journals with more interdisciplinary journals. For all IS&LS articles, the fall in percentage of citing documents in the subject is 31.5% (Table 1), whereas the decline for articles in the journal set in common to both 1990 and 2000 is only 15.0% (Table 3). No similar effect was found for Economics, as the corresponding figures are 11.7% and 8.7%.

Regarding Question 3, Tables 1 and 4 indicate that for IS&LS the change in PCDCD was larger for the most highly cited articles (the median was 42% of the 1990 level) than for all articles in the subject (57% of the 1990 level). However, for Economics the percentages were very similar (82% for the highest cited and 84% and 82% for all articles in the subject). These findings indicate that the increases in cross-disciplinary citations between 1990 and 2000 are not always focused in the most highly cited articles in the subject.

Regarding Question 4, Tables 5 and 6 indicate that for both Economics and IS&LS the change of interdisciplinarity varies considerably according to the subject combination.

This study uses the percentage of citing documents that are outside the subject as its indicator of interdisciplinarity.  An interesting question is to what extent are the subjects of the citing documents similar to those of the cited documents.  This question was addressed by Gingras and Larivière (2010).  They investigated four broad disciplines (medical fields, natural sciences and engineering, social sciences and arts and humanities) and used two indicators of interdisciplinarity; one indicator is references that are outside the broad discipline and the other indicator references that are in the broad discipline, but outside the subject.  Their findings (presented in their Figure 1) indicate that for each broad discipline the changes in interdisciplinarity are very similar for both indicators.  The findings contrast with those of Porter and Rafols (2009)’s investigation of six WQS subject categories.  Although they found that in general articles published in 2005 cite documents in 50% more WoS subject categories than do articles published in 1975, much of this increased citation was accounted for by the increased citation of neighbouring subject categories. 

Conclusions

The analysis of 14 SSCI subjects indicated that interdisciplinarity in social science, as measured by cross-disciplinary citation, decreased on average between 1980 and 1990 and increased substantially between 1990 and 2000. The change in interdisciplinarity varied considerably between subjects, but the four subjects with the largest rise between 1990 and 2000 rose, to some extent, in unison across subjects. The increase between 1990 and 2000 in interdisciplinarity in social science was not accompanied by an equivalent increase in the percentage of articles in multiple subject categories, suggesting that the increase in interdisciplinarity is genuine in the sense of one subject adopting ideas from another. However, there are signs that the increase in interdisciplinarity in IS&LS has not continued or has slowed down since 2004.
To what extent might increased level of interdisciplinarity reflect changes in the set of journals in the SSCI subject category? For IS&LS changes in the journal set account for more than half of the increase in interdisciplinarity between 1990 and 2000, whereas for Economics changes in the journal set do not account for the increase in its level of interdisciplinarity. Given that the SSCI journal categorisation process is a non-automated, non-transparent process, this undermines the evidence for increasing IS&LS interdisciplinarity and, by extension, the evidence for social science as a whole. 
In terms of the most highly cited articles in a subject, although the level of interdisciplinarity varied greatly amongst them, the median level rose substantially for IS&LS and for Economics during the period 1990 to 2000. However, there was some evidence that in IS&LS, increasing interdisciplinarity could be driven by highly cited articles rather than being a general trend.
To what extent did the level of interdisciplinarity vary with subject combination over time? For Economics (and IS&LS), the median increase between 1990 and 2000 in the PCDCD of subject combinations is similar to the overall increase during this period in the PCDCD of Economics (IS&LS, respectively) but the PCDCD of subject combinations varies substantially.

In conclusion, whilst the overall trend is for social science interdisciplinarity to have increased from 1990 to 2000, this is not uniform across the social sciences and may be partly due to changes in SSCI journal categorisation policies and may be driven by highly cited articles in some subjects. A possible explanation for this unevenness is that scientific frontiers progress at a varied pace and may be dependent upon particular developments. Hence, whilst the general push towards increased interdisciplinarity is probably a constant source of pressure on researchers, variations in pace and subject may be impacted by particular factors that make interdisciplinarity easier or more natural. In the case of IS&LS, this could include the necessity for computerisation of library indexes and much information, the creation of digital libraries and archives, and the rise of the Web. In other subjects, such as economics, the impact of computerisation and digital information may have been less direct, but other research opportunities may have arisen at particular times, such as the rise of econophysics.

This study indicates how WoS data on the percentage of citing documents can readily be used to determine changes in interdisciplinarity as measured by cross-disciplinary citation. In principle this metric can be used to address other problems on interdisciplinarity. It would be interesting to know whether the findings would be substantially different were another measure of interdisciplinarity (e.g., the subject category of the documents referenced by the article) were to be used. In this context it is reassuring that our findings are consistent with those of Gingras and Larivière (2010) that used references in their indicator of interdisciplinarity. 
As regards further work, the methods can be applied to examine changes in interdisciplinarity to decades earlier than those investigated.  However one problem with examining WoS subjects over very long periods is that the journal sets delineating the subject will have had a longer period to have been amended.  Although this investigation of interdisciplinarity was motivated by policy considerations, it should not be assumed that increases in interdisciplinarity are due to changes in policy.  Another interesting study outside the scope of this research is to assess the extent to which changes in interdisciplinarity have been due to changes in policy, or other possible causes such as awareness or access to online material, or changes in database coverage.
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Appendix
Table 8: Titles of the most highly cited 12 articles in Economics and IS&LS (1990 and 2000).

	Citation rank
	Title of 1990 article 
	Title of 2000 article

	Economics

	1
	Maximum-likelihood-estimation and inference on cointegration – with applications to the demand for money
	ERC: A theory of equity, reciprocity, and competition

	2
	Performance pay and top-management incentives
	Monetary policy rules and macroeconomic stability: Evidence and some theory

	3
	Patent statistics as economic indicators - a survey
	Fairness and retaliation: The economics of reciprocity

	4
	Property-rights and the nature of the firm
	Investor protection and corporate governance 

	5
	Experimental tests of the endowment effect and the coase theorem
	Cooperation and punishment in public goods experiments

	6
	Noise trader risk in financial-markets
	Mixed MNL models for discrete response

	7
	Statistical-inference in instrumental variables regression with i(1) processes
	The separation of ownership and control in East Asian Corporations

	8
	The economics of modern manufacturing - technology, strategy, and organization
	Aid, policies, and growth

	9
	Impure altruism and donations to public-goods - a theory of warm-glow giving
	Transform analysis and asset pricing for affine jump-diffusions

	10
	Asymptotic properties of residual based tests for cointegration
	Financial intermediation and growth: Causality and causes

	11
	Inference in linear time-series models with some unit roots
	Output fluctuations in the United States: What has changed since the early 1980's?

	12
	Precautionary saving in the small and in the large
	Beyond computation: Information technology, organizational transformation and business performance

	IS&LS

	1
	Indexing by latent semantic analysis
	Real life, real users, and real needs: a study and analysis of user queries on the web

	2
	Improving retrieval performance by relevance feedback
	Time flies when you're having fun: Cognitive absorption and beliefs about information technology usage 

	3
	Where should the person stop and the information search interface start
	Exploring the factors associated with Web site success in the context of electronic commerce

	4
	Constructing literature abstracts by computer - techniques and prospects
	Technology adaptation: The case of a computer-supported inter-organizational virtual team

	5
	The effects of anonymity on gdss group-process with an idea-generating task
	Executives' perceptions of the business value of information technology: A process-oriented approach

	6
	The importance of learning style in end-user training
	Not just a matter of time: Field differences and the shaping of electronic media in supporting scientific communication

	7
	International collaboration in the sciences, 1981-1985
	GEM: A proposal for a more comprehensive guideline document model using XML

	8
	The cognitive viewpoint in information-science
	Factors that influence the social dimension of alignment between business and information technology objectives

	9
	Medical literature as a potential source of new knowledge
	Children's use of the Yahooligans! Web search engine: I. Cognitive, physical, and affective behaviors on fact-based search tasks

	10
	The duality of informetric systems with applications to the empirical laws
	Research report: The evolving relationship between general and specific computer self-efficacy - An empirical assessment

	11
	An approach to the automatic construction of global thesauri
	Learning from adopters' experiences with ERP: problems encountered and success achieved

	12
	Information need and use studies
	Users' interaction with World Wide Web resources: an exploratory study using a holistic approach
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