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The introductory part (Jacso, 2008a) to the series of papers about the pros and cons of using cited reference enhanced databases, discussed how the theoretically sound (albeit not perfect) idea of the h-index for quantifying the scientific output and impact of researchers (Hirsch, 2005) may get grossly distorted because of limitations  of the software, and  content of the databases, as well as of the searchers' skill. This issue of the series looks at the content features and the software capabilities of Scopus from the perspective of computing a reasonable h-index for scholars. 
Some substantial reviews have been published recently about the ever evolving features of the content and the software of Scopus (De Moya-Anegon et al, 2007; Goodman and Deis, 2007; Neuhaus and Daniel, 2008), sometimes in context of other citation enhanced databases, and with a special focus on citation searching, researchers and faculty ranking and the h-index calculation (Meho and Yang, 2007; Bar-Ilan, 2008).  Gavel an Islid, 2008 analyzed the  journal coverage of Scopus and Web of Science (WoS) which is of primary importance in the calculation of  the h-index. Readers are referred to the these reviews. My most recent, open access  review of Scopus (Jacso, 2007) was done just six months ago.
Although there are limitations in the content, and even in the mostly excellent, swift, powerful, and innovative software of Scopus, it can produce a much more reliable, and reproducible h-index -at least for relatively junior researchers- than Google Scholar, which has a very broad source coverage but is still marred by phantom citations, iII-parsed author names and other metadata on a large scale due to its mediocre software for citation analysis. This should be of great concern for all those who take the hit counts and the citation counts reported by Google Scholar at face value (Jacso, 2008b). Google Scholar is an extremely useful free tool to discover relevant documents, and often even to get free access to full text papers. However,  in the context of citation analysis, it is more like a panderer, pleasing the authors, their administrators, editors, and publishers by often dispensing grossly inflated hit counts and citation counts. These, in turn are fed to third party utility programs to create grossly exaggerated h-index values for many researchers while robbing some others - for reasons of genuine ignorance and disregard of citation matching principles, not for malice. Scopus is a real scholarly tool, and its only real peer database for transparent multidisciplinary citation analysis is WoS, which will be reviewed in the next issue. 
Senior academics and other researchers who have been widely published and cited for well over a decade, are penalized by the content limitation of Scopus that  citations have been included in the Scopus record only for papers published from 1996 onward. It is obviously a serious limitation for those who have been publishing well before the mid-1990s. It is an extra penalty for these researchers that citations given to their pre-1996 publications in papers published after 1995 are also disregarded with intent, in the automatically generated h-index. This is an odd and very unfair and discriminating  design decision (not a software glitch). Savvy users can bypass it by using the plain-vanilla eyeballing method of determining the h-index in Scopus. However, the appeal of the convenience of the automatic generation of the h-index may make even the otherwise reasonable scholars fall for the automatic and discriminative h-index reporting method as elder citizens fall for reverse mortgage deals as illustrated below. It  adds insult to injury exactly in the case of the most prominent researchers who can end up with insultingly low h-index. This design decision undermines the many virtues of Scopus, and flies in the face of the concept of the Hirsch-index which was meant to reflect the cumulative output and impact of researchers. (I have a puny h-index as I focused on conference papers in my salad days as a practitioner when I published some papers in English, so I am not affected by this algorithms of Scopus, and is not the reason for my discontent). 
In the utmost irony, the ill-conceived version of the h-index algorithm in Scopus reports for  J.E. Hirsch an insultingly low h-index of 16 (for physicists of his stature), instead of his realistic h index value of around 50, which would place him in the top league of physicists by the genuine h-index - without gerrymandering. He has been permanently productive in the past 30+ years, and has been widely cited - from 1996 more than 4,100 times in nearly 3,000 papers -even according to the limited, but transparent and reliable data of Scopus. When it is used properly, Scopus helps the searcher to find a more reasonable (although still too low) h-index of 33 for J.E. Hirsch as demonstrated below. 
CONTENT ISSUES 
There are many aspects of the database content that will define the search experience of the users. However, from the perspective of citation searching, and especially of computing the h-index, not all of them are directly important. The primary aspects in this review are the quantity and quality issues related to the cited reference enhanced segment of Scopus, and the abilities of the software in searching and presenting the raw data (for corroboration, which is entirely missing from Google Scholar). 

When one gets a hammer everything looks like a nail, and the reader may have that impression when looking at my data collected in mid-May, 2008. But as I discussed earlier (Jacso, 2007a), it is the costly and still rare cited  reference enhanced segment that makes such databases expensive, and requires close attention. This is like the case when buying an engagement ring. It is the  diamond whose size, cut, clarity, carat, and color define the price, and require the primary attention, not its setting/mounting. The latter does matter, but not to the same  extent. 

In the database arena the situation is similar. For example, the extent of availability of  abstracts in indexing/abstracting databases is critical from two aspects. The obvious  one is that informative abstracts significantly facilitate the selection of the most pertinent  items from the result list of a search. The less obvious one is that if a large percent of  the records have abstract it much enhances the chances of finding relevant items that  would not be found when searching just by the title, descriptor, identifier, and subject  classification code of the records. Scopus stands out in this regard as more than 70% of  its records have abstract. However, from the perspective of calculating the h-index,  this good feature does not matter.  

Similarly, the size of the entire database can be reassuring, but what matters most from  the citation searching -and especially the h-index computing-  perspective, is the size and dimension of the cited  reference enhanced subset of the database. The 21 million records of Scopus  that are not enhanced by cited references are still important from the citation searching and the h-index calculation perspective because they can act like a peg to hang on and  accumulate references received from articles whose records include the list of cited  references.  

Of course, one cannot expect a 100% ratio in any cited reference enhanced database, because there are papers that just don't have cited references. In scholarly journals, about 75-85% of the  papers have cited references. This ratio varies from disciplines to disciplines, and from journals to journals, but it is a good  enough average to realize that 5-8.5 million records in Scopus could not have cited references for this reason even if all records would include cited references – when available in the source documents. 
Scopus does very well in terms of the ratio of cited reference enhanced records -for  the 1996-2008 period. Close to 13 million of the nearly 17 million records in the period  (almost 78%) are enhanced by cited references. The overall rate for the entire database (34.1 million records), however, is only half of this  To its credit, Scopus makes this  clear in its PR materials, and at practically every step of the search when the h-index and other bibliometric data are computed. The graph below shows the ratio of cited reference enhanced segment of the records year by year from 1974 to May 2008. It is to be noted that there are 3.2 million master records in Scopus for the 1849-1973 time period, not shown on the graph for lack of space. None of those records are enhanced by cited references.
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Figure 1. Ratio of cited reference enhanced records in Scopus from 1974 to May, 2008 

The subject coverage of Scopus is strongly science and technology oriented. Social Science, and especially Arts &Humanities, are very modestly covered. The distribution of the records by subject areas as reported by Scopus on the automatically generated cluster lists must be taken with a grain of salt, because very often two or three subject categories are assigned to an article. On the average, 1.3 categories are assigned to the records. The list may be customized or entirely hidden by the searcher, but it is wise to keep it displayed, as even a casual glance may locate items on the lists that suggest the refinement of the search. To narrow the list, the cluster of journal names and author names were temporarily removed, but they served very well to refine the search for J.E. Hirsch when I saw neurological, surgical, and veterinarian journals and subject categories in the cluster, alerting to the fact that there are researchers with identical last name, first and middle initials. (There are other useful tools for author disambiguation, to be discussed in the software section). 
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Figure 2. Excerpts from the  cluster list automatically produced by Scopus for any search
The graph below, shows the total number of records in Scopus for papers published from 1996, and the number of records with cited references. The numbers are adjusted to reflect the fact that on the average records are assigned to 1.3 subject categories across the database. This is to be considered when determining how appropriate the database may be for researchers in different disciplines. Both the absolute number and the ratio are useful indicators. It is to be remembered that across the board, there are 34 million records in Scopus and 13 million of them (close to 40%) include one or more (often two orders of magnitude more) cited references. The categories show some variety but overall, they demonstrate the expected high rate of papers with cited references. The absolute number of records also gives a clue for the breadth of coverage, especially when one knows the comparable categories within Web of Science, or comparable, discipline-focused  databases, such as PROLA for physics, CiteSeer for computer science, or CINAHL for nursing -as discussed earlier (Jacso, 2008a). Such data can help in deciding if a realistic h-index can be expected from Scopus -at least for those researchers who started publishing in the mid-1990s. The ratio of cited reference enhanced records for Medicine may be somewhat disappointing, but it is offset by the impressive absolute numbers in Scopus. 
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Figure 3. The ratio of reference enhanced records by major subject categories for 1996­

2008 – adjusted for multiple category assignment 
The width of coverage of journals in Scopus got much attention, as the number of journals at 15,000 is impressively high. Gavel and Iselid (2008) gave an informative comparison about the journal overlap between Scopus and WoS. What  may not be clear for the casual users is that many of the journals are covered in Scopus only since the early 2000s, and some only from 2006. Other journals may unreasonably selective and/or inconsistent coverage. 
I can confidently judge only the coverage of the library and information science and technology fields. While the coverage of excellent open access journals, such as D-Lib Magazine, First Monday, Libres, Journal of Digital Information is very welcome, there are several journals among the 98 classified ones under the LIS subject category in Scopus, which have no impact, do not belong to the LIS category, and/or are covered only for the past few years. This should be verified by the searcher. My major concern is when important journals are ill-covered. I brought this up earlier to no avail. For example, the coverage of Annual Review of Information Science and Technology (ARIST) and the Journal of Scholarly Publishing has been of the rollercoaster type even from 1996 onward as shown in a self-explanatory way by the spiffy, brand new Journal Analyzer software tool of Scopus. (The 2001 missing volume of ARIST is not a Scopus problem, but the low numbers for several volumes is). From the h-index perspective of authors who published in these  important sources, such treatment is quite debilitating. 
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Figure 4. Visual profile of multiple journals in the Journal Analyzer module of Scopus

SOFTWARE ISSUES 
Scopus has one of the best designed and implemented software in every regard, from the swift navigation to the lightning fast sorting, to saving/exporting of output (up to a generous 2,000 items), directly in CSV format which can be loaded into Excel, no muss, no fuss. The author disambiguation system which is so critical for h-index calculation is not perfect but very promising. Currently, the different spelling variants of the same institutional affiliation names, the missing city or country names may produce too many variants, and one can combine only 15 entries. For Garfield E. as exact author name the list had 72 entries. The search for the exact name Hirsch J.E. brought up 20 names, but with additional information about subject areas, affiliation, and geographic location, it was relatively easy to filter down the set to 6 entries, then  combine them before launching the Citation Tracking module from the same page, which produces the h-index. And this is the point where an implementation decision (not a software glitch) debilitates the chance to get even a modestly fair h-index for researchers who have been the most productive and most cited from  much earlier than 1996. 
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Figure 5. Filtered list of informative variants for the same author 
It is one thing that Scopus has cited references only from 1996. It is a great disadvantage for researchers who have been well published and well cited for years or decades before that even if they are still active. The citations they received before 1996 ­obviously- are absent from the calculation of their h-index . Eugene Garfield who is more active and influential intellectually at age 83 than many junior assistant professors before their tenure, does not get adequate recognition by his h-index. Neither  F.W. Lancaster whose 75th birthday will be celebrated  by a Festchrift for recognition of his great contribution to the LIS profession. The h-index for both of them are so low in Scopus that it would not be nice printing them here. But even the much younger J.E. Hirsch himself gets grossly undervalued  by the way his h-index is calculated by Scopus once you launch the Citation Tracker module from the Author Details page. 
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Figure 6, The deflated h-index for Hirsch generated automatically 

With 170 cited papers and 4,069 citations received from 1996 it is not even close to be a good enough number to reflect his achievements. Using various sources, my estimate is that J.E. Hirsch got two times  as many citations (although this is  not as important as the distribution pattern of the citations among his papers). 

It is an injury to his reputation that his papers of the previous 20 years are not acknowledged by Scopus, but Scopus makes it  clear that it uses citations only from 1996 in its algorithm, so someone might as well say: get over it. 
Not exactly, and not yet. What adds insult to injury is that Scopus also ignores (by principle) the citations received for the pre-1996 publications of the authors who did get cited from papers published since 1996. Does this matter? It does. Does this make sense? It does not. 
Because of this policy, Hirsch loses 3,067 citations. received for his 120 papers from papers published since1996 and known by Scopus, just because they were published before 1996. It is a policy that a FEMA manager could have come up with for assessing the damage caused by hurricane Katrina in New Orleans. 
It is making virtue out of necessity that references are added to records in Scopus only from 1996 onward. I got over with that,  but not with the extension of it.  The authors who have been well published and well cited long before 1996 (and kept being cited from 1996) are not merely drowned but also quartered by the decision that only documents published since 1996 are considered for calculating the h-index. lt is akin to setting the rule for compiling a list of best actresses by the Academy or BAFTA that only performances of the last 12 years can be considered, so Sophia Loren, Annie Girardot, Judy Dench,  Diane Keaton or Meryl Streep who became more selective in accepting roles lately,  would get at best to the bottom of the list, dominated by a variety of desperate housewives and other actresses  who have been waiting to exhale for a tad too long. 
It is to be recalled that Hirsch recommended the h-index to measure the cumulative scholarly publishing productivity and impact of researchers. If Scopus wants to use the idea for, say, periodical post-tenure evaluation process in academia, it should call it the Scopus-index to distinguish it from the genuine h-index. Again, to the credit of Scopus it sends out the town­crier to announce the quartering, but at lower decibel than the drowning. Many users may miss this note, or may not realize its serious implications. 

The undeniable ease of use and the convenience, may make even serious researcher fall for the automatically generated h-index. I was quite surprised reading the notes of a respected, widely published retrovirologist (Jeang, 2007), who wrote that "... when I had a spare hour, I used Scopus to tabulate individual citation frequency and H index of 45 members of Retrovirology's editorial board". 
Although I know that I am not the sharpest knife in the drawer when it comes to doing citation searching, for me it takes orders of magnitude longer time to check the h-index of researchers even if I know much of their works. I repeated Jeang's search in Scopus, shortly after he made his analysis in his lunch break, and published his notes in the online journal Retrovirology. It was obvious that he used the most convenient approach of looking up the h-indexes through the Author Details page, with highly deflated numbers for the editorial members of Retrovirology, because of  the policy of ignoring references given to pre-1996 publications since 1996.  I tested only 8 researchers from his list, but it was sufficient for witnessing the consequences. 

Jeang reports his own h-index as 39, but my preferred method yielded a h-index of 48 for him. The editor with the second highest h-index in the sample is reported with a h­index of 37, in my search strategy his score is 45. In Jeang's convenience search, Mauro Giacca and Ben Berkhout had a h-index of 33 and 32, respectively. In my preferred search alternative both had a h-index value of 37. 

In the case of one of the editorial board members, Jean Luc Darlix, the ranking distortion also showed up loud and clear. His reported h-index is 27, taken directly from the Author Details page. In my strategy it is 41, which puts him much ahead from his 10th rank in the original rank list produced by Jeang. It is a clear case because his name is consistently spelled as Darlix, Jean Luc in 185 records, and once as Darlix, J.L. I did this test in the last week of June, 2007, i.e. almost a year before working on this paper, so the numbers are not the same now. 
Luckily, savvy users may bypass this route, and just scroll down in the result list of the records sorted by decreasing order of citedness and figure out that in spite of the time period limitations of Scopus, the h-index of Hirsch is 33. This is twice as large as the h-index calculated and reported by Scopus when using the Citation Tracker option. It is still not good and fair enough but at least the h-index is not quartered (or halved in this case -compared to what Scopus could and should report) for senior researchers when using the low-tech scrolling method to determine the h-index. 
The consequences of this policy of Scopus about ignoring citations given to pre-1996 publications may be worse. Take as an example Stephen W. Hawking, who is certainly the best-known physicist, and one among the top 20 or so physicists that Hirsch identified in his seminal paper - with a h-index of 64. The SPIRES-HEP database reports h=65, and so does the 1945-1955 Web of Science edition, independently. Scopus reports Hawking’s h-index through the author identifier process as 17. 
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Figure 7. The deflated h-index of Stephen W. Hawking
This is very close to quartering, due to a) not knowing of the pre-1996 references given to his works (the injury part), and b) actively disregarding also all the citations received from 1996 onward for his pre-1996 papers (the insult part). Once again, this route can be bypassed, and scrolling down the records in the result list sorted by citedness, the savvy searcher can arrive at a h-index of 36 for Hawking – still a low, but significantly less appropriate h-index value. 
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Figure 8. Eyeballing the result list sorted by citation counts leads the searcher to the right intersection of the rank order number and the citation count

Some considerable extra work by the searcher could bring out significantly higher h-index values from Scopus for most researchers through a recently introduced new feature. It is the new tab on the result menu labeled More ... 
Indeed, it is much more as this subset includes the stray and orphan cited references  (Jacso, 2008a) that could not be credited and hung on to matching master records for several reasons. One is that there are no master records for monographs (with a few  exceptions) in Scopus. You will find under this document type many serial publications, such as the Annual Review series, and conference proceedings. The second reason is the absence of a master record for a journal article because of the gappy and roller-coasterish coverage of some journals. Citations received by such articles without master records are orphan references. The third major reason is the variety of errors of omission, errors of commission in the cited references,  which prevent even a highly intelligent software like Scopus from matching the reference to its counterpart record in the master file. 

The More ... list can be sorted on the fly, exported directly as a CSV file, making it a superb tool. It is still a time consuming process, but  Scopus developers are certainly capable of refining this feature by creating clusters for the searcher to include references that the software deems likely to refer to the same document. 
The hit counts reported on the tab should not be taken at face value. There are other authors whose last name is Hawking and one initial is matching -sometimes from the name of a co-author. Here the user cannot do exact name searches, so this feature need improvements but it offers great hope, that in Hawking's case could very significantly increase his h-index, so that he would not regret to have written so many bestseller books both for his peers and for the lay audience. In the case of Hirsch, the More... file content would also improve his h-index, although not to the same extent as for Hawking, simply because Hirsch did not write a book -yet. 
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Figure 9. Generating the list of orphan and stray references in Scopus provides a first  glimpse of the potential of this information

The suggestion option is available in CiteSeer, and is a huge help in consolidating stray  references. WoS has had a similar, but less flexible tool, for years, and its potential will be discussed along with other content and software features important for computing the h-index, in the next issue.
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