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The h-index, h-core citation rate and the bibliometric profile of the Web of Science database in three configurations
The new version of the software of the Web of Science (WoS)  released in mid-2011 eliminated the 100,000-record limit in the search results. This, in turn, offers the opportunity of studying  the bibliometric profile of the entire WoS database (which consists of 50 million unique records),  and/or any subset licensed by a library. In addition, the maximum record set for the automatic production of the informative citation report was doubled from 5,000 to 10,000 records. These are important    developments for  getting a realistic picture of WoS, and gauging the most widely used gauge. It also helps in comparing WoS with the Scopus database by traceable and reproducible quantitative measures, including the h-index and its variants, the citation rate of the documents making up the h-core (the set of records that contribute to the h-index), and computing additional bibliometric indicators that can be used as proxies in evaluating research performance of individuals, research groups, educational and research institutions as well as serial publications  for the broadest subject areas and time span – although with some limitations, and reservations. This paper which attempts to describe some of the bibliometric traits of WoS in three different configurations (in terms of the composition and time span of the components licensed), complements the one published in a previous issue of Online Information Review profiling the Scopus database. (Jacso, 2011). 
Introduction

The publication of the concept of the h-index (Hirsch, 2005), gave strong impetus to extend the quantitative and qualitative evaluation of research publications. The title of the Hirsch paper – modestly- described  the h-index as a measure  “to quantify an individual’s scientific research  output”, but it is a very appropriate measure also for  qualifying  an individual’s scientific research through the total number of citations received, and their distribution among the publications of a researcher.  Its robustness and stability (Vanclay, 2007, Henzinger et al. 2010), gave it impressive credit, and spawned many related measures in the first years  (Egghe, 2006), and many more later on.  
Library and information scientists were the first to calculate  the h-index of their peers (Cronin and Meho, 2006; Prathap, 2006; Oppenheim, 2007; Meho and Yang, 2007; Meho and Rogers, 2008; Franceschet, 2010; Jacso, 2008a; Levitt and Thelwall, 2009; Lazaridis, 2010; Li et al, 2010; Norris and Oppenheim, 2010), extend the use of h-index to journals (Braun et al, 2006; Bar-Ilan, 2010), to a complete disciplinary area (Garcia-Perez, 2010), and to countries (Jacso,  2009c, 2009e).

Former and current library and information practitioners  are the ones who know the most that no matter how good are bibliometric indicators, how easy some of them may seem to be calculated, the inconsistencies, and other shortcomings in database content and/or search skills may distort the results. This may happen even when a group of  some of the most knowledgeable and experienced LIS scientists  create a league list of researchers in the LIS field, using, for example, only one of the two formats (van Raan AFJ vs vanRaan AFJ,  i.e. without the space after the prefix) of the name of a productive and highly cited researcher (Li et al., 2010; Norris and Oppenheim, 2010; Jacso, 2010a). In this case, the number of hits is split evenly in  WoS (and unevenly in Scopus). Such oversights may and often will handicap the subjects of the evaluation, and until content providers improve quality control, researchers must practice defensive searching. 
I have published numerous papers about the large scale database deficiencies in general, and specifically about the plausibility of using reference enhanced bibliographic databases, the pros and cons of computing the h-index using WoS, Scopus, Google Scholar (Jacso, 1997, Jacso, 2007a-b; Jacso, 2008a-e; 2009a-e; Jacso, 2010b).
In this paper, I make use of the recently introduced new software features of WoS  to paint its bibliometric profile, calculate the h-index, the citation rate and other measures of the top cited records that make up the h-core  of the complete WoS system, and two WoS subsets and   compare it with the similar profile created for Scopus (Jacso 2011). Unless otherwise noted, the searches were done in March 2011 in both databases, then updated at the end of July for fair comparison. No such profile was created for Google Scholar because as good a tool as it is for resource discovery by virtue of full-text searching of tens of millions of full text documents, it remains a very unreliable tool for bibliometric purposes (Jacso, 2009d, 2010b).

Getting familiar with the content and software limitations of cited reference enhanced databases is going to be more important as nationwide evaluations of universities using bibliometric measures are to become as common in many countries as they have in the UK after an early start, worthy  experiments, and final commitment (Oppenheim, 1996, Oppenheim, 2007; Moed 2008), and in Australia (Watson, 2008).    

The bibliometric profile of WoS and its subsets

The entire WoS database had  49.8 million records vis-à-vis the 44.7 million records of Scopus at the initial testing early March, 2011. Both have increased since to more than 50.1 million and 45.5 million, respectively, by late-July, 2011.  Figure 1 shows how WoS and Scopus compare by size in terms of the total number of records  for  three different time spans.  

Scopus has nearly half a million records for papers published before 1900, but this a tiny slice, although not as tiny as the pre-1900 slice of 300 records in WoS. The 10% difference in terms of the number of total records is much less relevant for bibliometric purposes than the very large difference between Scopus and WoS in terms of the number of records enhanced by cited references. WoS was created ab ovo as a citation indexing database, Scopus was compiled from several indexing and abstracting  databases (some of them created by Elsevier, such as EMBASE, GEOBASE, others from third parties, later acquired by Elsevier, such as the Compendex database of civil engineering). One of the most important components of Scopus is derived from Elsevier’s own ScienceDirect, the largest and most sophisticated journal article database with more than 10 million records.

In Scopus, records are enhanced by cited references only for publications published since 1996 (except for about 30,000 pre-1996 publications). In WoS all the records are enhanced by the cited references that appeared in the papers published in the source documents (if they were processed for inclusion). There is no direct way to limit a search to records with cited references in either databases, but Scopus allows a “no-holds barred” search in the cited reference index field. For WoS, I could only calculate  the number of cited reference enhanced records through the Dialog system’s implementation  of the subsets of the three traditional citation databases hosted by this system for the sciences, social sciences, and arts & humanities. Figure 2 shows the total number of records and ones enhanced by cited references  in Scopus and WoS from 1980 to March 2011. 
Although Scopus’ coverage  goes back 75 years longer than WoS, the latter has 53% of records for the pre-1996 period, for Scopus this rate is 47%. (It is pure chance that the two databases have exactly the opposite ratio in terms of the size for pre-1996 and the post-1995 time period.)  
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Figure 1. Database size differences for three time spans (as of early March, 2011)
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Figure 2. Total number of records and records enhanced by cited references (as of early March, 2011)
Considering that it is exactly the cited references which make WoS and Scopus so precious (and so expensive), one would expect to have  a simple filter in  the WoS software to limit any search to records that are enhanced by one or more cited references (and to keep users aware of the  significant advantage  of WoS over Scopus in this regard). Such a simple option would also drive home the message about the pros of searching for topics by cited references. It would be even better if the number of references (listed in the records) would be also a numerically searchable data element. This would allow searchers to retrieve items on a subject that have, say, more than 30 cited references, using a search command like TS=digital libraries and NR>30.    
The benefits  of searching a topic by cited references instead of just by limited number of language-dependent descriptors, keywords,  identifiers, and terms in the abstracts made Eugene Garfield (1955) to  design and implement these pioneering databases half a century before Google came up with link-based searching. Google’s designers  realized that links in HTML documents are the functional equivalents of the traditional cited references. (It is another question how badly the developers implemented the idea in Google Scholar (Jacso, 2009  and 2010b)
As for the total number of cited references, WoS has about 800 million cited references for the complete system with 5 databases, about 40 % more than Scopus has in the complete database going back to 1823. This is a crucial issue not only from the pricing and citation-based searching perspectives, but also from the perspective of the bibliometric measures. Scopus is limited in this regard to evaluating research performance of individuals, departments, colleges, research institutions, and journals for  the past 15 years. 
WoS can be used to analyze research performance trends for 110 years. This is useful for analyses at the  disciplinary, institutional, journal and country levels, and more than enough for the individual researchers of the current and past centuries. 

Overall, the complete WoS  has one or more cited references for nearly 80% of the bibliographic records, for Scopus, this rate is 42%.  As for abstracts, Scopus has abstract for nearly 70% of its records, while in WoS this rate is estimated to be slightly below 60%. The higher rate of abstracts is useful in resource discovery, but not relevant for bibliometric purposes. WoS does not allow limiting the search to the abstract, so the above ratio was based on searching the WoS subset implemented on Dialog.
The component databases of WoS

Scopus is offered for licensing as a single database, so every library receives the same database. For  WoS the approach is different. Libraries can choose any of the 5 component databases or their combinations for any time period available. The maximum time spans are shown in Figure 3. My home base, University of Hawaii, for example, chose the three traditional citation indexes (without the databases of conference proceedings), and all the three from 1980 onward. This is a reasonable choice, but another university, with many science courses, may prefer to choose a larger slice of the SSCI-E database, and many of the large universities chose  the complete WoS database with all the components for the entire time span of coverage for each. 
I have tested various combinations of WoS: the complete WoS, the configuration licensed by University of Hawaii, and a configuration with all the 5 components limited to 1996-2011.   Although this latter time period is too short for substantial bibliographic searching, the decision was motivated by the purpose of  comparison with Scopus from the bibliometric perspective, so similarity in size and composition was important, to provide level playing field in consideration of the fact that Scopus records are enhanced by cited references only from 1996. 

The acronyms of databases shown in Figure 3 will be used in the rest of the text (SCI-EXPANDED will be referred to SCI-E). WoS runs on the Web of Knowledge platform, and so do several other databases like BIOSIS Previews, Biological Abstracts, CAB Abstracts, FSTA.   
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Figure 3. The component databases  and their maximum time span in WOS  
In addition to more than 11,000 unique journals (more precisely serial publications, including monographic series), there are nearly 1 million conference proceedings covered in WoS.   To interpret this number correctly, one must realize that unlike for journals, each volume of the serially published conference proceedings  is counted individually rather than as a volume. The size and percentage of the components is shown in Figure 4. There are about 5 million records for publications that are assigned to more than one component databases, but WoS automatically de-duplicates the result list when displaying results for a search. The data in Figure 4 represents the de-duplicated values, i.e. the net number and percentage of the records of each component databases of WoS. 
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Figure 4. The size and proportion of WoS component databases (as of the end of July, 2011)
The comparison between WoS and Scopus by the traditional broadest subject categories (Sciences, Social Sciences, Arts & Humanities) is difficult for several reasons. WoS does have these three broad categories (but the CPCI-SSH database is split between the Social Sciences and the Arts & Humanities). It has almost 250 WoS Subject Category terms, and 150 Subject Area terms. 
Before the release of WoS 5 this year, it had only the Subject Area terms, which now became  the WoS Subject Category terms, and the new Subject Area terms aggregate several WoS Subject Category terms. For example, Agriculture as a Subject Area term, now retrieves items which have the more specific  WoS Subject Category term: Soil Science. While it is a good idea to have two ways to search the broad concept and  narrower one(s), this new feature should be explained and a chart should illustrate in the help file which new Subject Area terms include the more specific WoS Subject Category terms (such as Horticulture or Limnology). In most cases, it is obvious for an experienced information professional, but in some cases it is a guessing game. For example, it is not clear to which of the Subject Area, is the WoS Subject Category, Law assigned. 
It would have been a good time to assign subject category terms to the 333,747 records where they are missing. This affects less than 0.7% of all the records (and is about half of the missing subject category codes in Scopus), but the brunt of this absence is in the past 25 year time period, and especially in 2010.  

[image: image5.png]Web of Science "

Results #5NOT#13

Timespan=AllYears Databases=SCLEXPANDED, SSC| ABHCI CPCLS, CPCLSSH

Lemmatization=0n

Results: 333,747

Refine Results
‘Search witin resuts for

¥ Web of Science Categories
None of the resuts contain data n this
el

¥ DocumentTypes  (_Refine )
[JarTicLe 71.808)

[[JBook ReviEw (6.598)
[CJEDITORIAL MATERIAL (5.322)

[ MEETING ABSTRACT (11.823)
Onote.142)

more optons / values.

¥ Subject Areas

None of the resus contain data n this
el

> Authors.

¥ Group Authors.

> Editors.

> Source Titles.

» Conference Titles

Publication Years  (_Refine ) ( Exclude )
The frst 100 Publcation Years (by record count) e shown. For
[]1900 45) [ 1949 20 | [] 1972 e80) | [ 1992 2267
1901 41) [ 950 (120) [ 1973 e29) | [ 1993 2.303)
] 1902 43) [ 1951 (143) [ 1973 e21) | [ 1994 1.050)
[711903 (40) [] 1952 (100) [] 1975 756) | [] 1885 (1.248)
(] 1904 (a8) [ 952 (12¢) [ 1970 e25) | [] 1990 (83¢)
[[] 190 (40) [] 984 (151) [] 1977 1.267) [ 1997 @7y
[[]1908 (48) []1955 (1) []1978 (859) []1s88 (sae)
1907 &7 157 @ | [ 1979 1.087) (7] 1995 (40)

[ 1908 a9) [ 5.() | [] 1920 (1.013) [[] 2000 (620)
(] 190 (37) [F] 91 229) [] 1981 1.077) [F] 2001 (977)

] 1910 25) [] 962 (162) [] 1962 (1.008) [[] 2002 (24)

[ 1911 (51) [ 963 (240) [ 1983 480 | []2003 7421
[ 1912 a1) [] 904 (359) [] 198 1.055) [[] 2004 1521

[ 1913 42) [ 1905 (220) [ 1985 @02) | [J2005 2937)
[ 1914 29) [] 1900 (200) [ 1980 072) | (] 2008 0577)
[ 1915 @) [ 07 (85) [ 1987 @os) | (] 2007 (4700
[C]1918 (20) [[] 1988 (37) [] 1988 (85¢) | [[] 2008 (15.102)
[[] 1945 (18) [] 969 (509) [] 1969 (2.404) [[] 2009 (62.029)
[1esem | []1970 (505) [ 1950 2573) [ 2010 (162070)
[ 1947 ) [ 1971 549) [] 1991 2.806) [ 2011 as.859)
[rose 19)




Figure 5. Missing subject category terms by years 
This is not a daunting task. For most of the sources that miss the Subject Area and WoS Subject Category terms the category assignment is obvious, such as Proceedings of SPIE (21,212 records), Advanced Materials Research (12,624 records), Lecture Notes in Computer Science (9,971 records), and can be done almost in one fell swoop for tens of thousands of records.       
Scopus has only 27 subject area terms, and the logic of assigning journals and records to many of them is baffling. Scopus does not have a separate top level category for the Sciences. It does have a Social Sciences category but it is not  a top category, it is at the same level as Business, Management, Accounting (as a group), and Economics, Econometrics, Finance (also as a group) as well as Psychology (which should be named Psychology and Psychiatry because it includes about 70 journals that have psychiatry in their names, and there is no separate category for it as opposed to WoS). 
Scopus does have a top category equivalent for Arts & Humanities, but this category of 905,000+ items  includes almost 400,000 records (45%) that are also assigned to the Pharmacology, Toxicology, and Pharmaceuticals subject area. The high number of records that are assigned to Arts & Humanities along with subject areas like Neuroscience, Mathematics, Immunology and Microbiology is also odd – even if journals about theology and science are indeed processed by Scopus. I warned about this strange practice earlier (Jacso, 2011), but the situation did not improve, as illustrated by Figure 6, showing that the most current records from the journal Polymer International  have been assigned both to Arts & Humanities and Pharmacology, Toxicology and Pharmaceuticals as I was finishing this manuscript, increasing this odd couple of subject area terms to nearly 400,000 records in Scopus. 
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Figure 6. Strange assignments of subject area categories in Scopus to journals and papers in Arts & Humanities  

Key citation metrics for WoS

The h-index for the complete WoS system (with the five databases including all years of their coverage) is 2,112 as of the end of July, i.e. there are 2,112 documents that were cited at least  2,112 times. This implies that the papers forming the h-core set must have at least 4,460,544 (2,112*2,112) citations. Actually, the total number of citations for the h-core is more than twice as many: 9,242,127, yielding an actual citation rate of 4,376. This 1 to 2 ratio between the minimum and actual citations received by papers in the h-core was typical for a variety of test searches with much smaller sets. The fact that the h-index ignores half of all the citations in the h-core indicates that other measures, such as the g-index  can be better indicators for  very large result sets.
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Figure 7. The h-index of the complete WoS system at the end of July, 2011

In Scopus, I repeated the h-index calculations at the end of July for level playing field. It yielded a h-index of 1,799 for the entire database. This is an increase from the h-index of 1,757 that I reported (Jacso,2011) based on testing Scopus in early March, but it is still significantly behind the h-index of 2112 in WoS.     

In the WoS configuration at University of Hawaii (SCI-E, SSCI, A&HCI, each from 1980), the h-index was 1,817. The 5-database configuration restricted to 1980-2011 yielded the same h-index, meaning that the more than 6 million conference papers did not matter from the perspective of this indicator. Even in a field, computer science,  that is known for its preference for conference papers, the h-index for this discipline was found to be 523 in the WoS configuration licensed by University of Hawaii, and 526 for the 1980-2011 subset of the WoS configuration that includes the two conference proceedings databases. It is to be remembered that  the coverage of conference proceedings starts only from 1990 in CPCI-S and CPCI-SSH. Restricting the test from 1990 to 2011, yielded a h-index of 463 from WoS with the five databases, and 461 from the WoS configuration at University of Hawaii, suggesting that shifitng the data to match the starting coverage date of the conference proceedings, did not make any difference from the perspective of the h-index.   
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Figure 8a. The h-index and related metrics for  the computer science discipline from three WoS components for 1980-2011 
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Figure 8b. The h-index and related metrics for  the computer science discipline from five WoS components for 1980-2011

We know the adage that once you have a hammer, everything looks like a nail. It is good to have new research indicators, but it must be borne in mind, that the information about these proceeding papers can be very useful in more ways than one for resource discovery and for other non-bibliometric purposes  that these databases are primary licensed for. 
The h-index for Scopus at the end of July was 1,723 (1,799, including self citations). For the pre-1996 time period the h-index in the 5 database configuration of WoS was 1,941. In Scopus this indicator was 1,480 – obviously because of the fact that Scopus records have been enhanced –with a negligable exception- only since 1996, so the pre-1996 publications did not get credit for citations given in pre-1996 issues of the sources covered by Scopus.  The 1996-2011 time frame was the only case when Scopus yielded a higher h-index (1,387) than WoS (1,303). 

Comparison at the main category and the disciplinary levels

It would seem natural to do this kind of analysis of the databases at the broad category levels, and even at the disciplinary levels. I calculated the h-index of SCI-E (h=2,090 both with and without the CPCI-S database), SSCI (h=951), and A&HCI (h=213), as well as for the CPCI-S (452) and CPCI-SSH (265) databases. However, as the example of the Arts & Humanities category  illustrates, the assignment of sources to multiple broad subject categories can massively distort the bibliometric indicators. 
Scopus has a h-index of 320 for the category of  Arts & Humanities, a  50% higher score than WoS produced (210 213). WoS has 4 times as many records in the A&HCI database (from 1975 onward) than Scopus has in the Arts & Humanities category (half of which are for papers published before 1996 when Scopus started to add references to the traditional bibliographic records). In light of the above this h-value in Scopus is not realistic. It is caused by the highly cited science journals mentioned earlier that were assigned to among others- the Arts & Humanities subject area.  
Even if the name of a subject category is identical, or almost identical in WoS and Scopus, as is the case with Mathematics, Computer Science, Veterinary Science, or Nursing, the comparison can be misleading because of the assignment of the sources to multiple categories. There is nothing wrong with assigning a journal to more than one subject areas, such as the journal Psychology and Aging to both Psychology and Gerontology, and counting the number of records and the citations under both  - as long as the choices are reasonable, and not for gaming the system, in this case the bibliometric performance measurement system.  

Conclusions

This research gauged  how Scopus and WoS compare from the perspective of the h-index, the most popular, and easiest to understand bibliometric indicator. Although WoS and Scopus may look very similar by traditional bibliographic measures, such as the size of the complete database, they are significantly different when it comes to doing bibliometric analysis. Scopus covers many more sources (although not as systematically as WoS), and WoS has nearly twice as many records enhanced by cited references than Scopus.
The disciplinary-level tests have clearly shown that some subejct areas are better covered in WoS than in Scopus (such as Psychology with a h-index of 674 in the complete WoS, and 589 in Scopus. The opposite is true for the discipline of nursing where Scopus yields a h-index of 328 and WoS only a h-index of 123. This is not surprising, as I vividly remember whe the former head of our Science Library section criticized WoS  a decade ago  for its poor coverage of the nursing field (P. Wermager, personal communication, n.d.). The h-index values quoted above clearly validate and quantify this problem, and in case of this disciplinary area, it is not padded by assigning unrelated journals to the Nursing category in Scopus. 

The best solution seems to be to do the database analysis at the disciplinary level by selecting the most important 50 or 60 journals as judged by the library and the education faculty, and produce the h-index, g-index and some other indexes such as average citations per papers for those groups of journals from WoS and Scopus in the most important disciplines for the college or university. This would help  to discover the real breadth of coverage of key sources in those disciplinary areas through a rather simple series of steps to make an educated licensing decision.
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