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This paper discusses some caveats about  the findings of Part 1 of the Royal Society’s report from the perspective of the choice and reliability of the  source base, and the bibliometric and scientometric indicators. It raises questions about the effects  of the fact that for the 1996-2008 test period the Scopus database that was used for calculating the metrics does not have country affiliation data  for more than 4 million records, including records for more than 3.5 million  of the nearly 18 million research publications (academic journal articles,  review papers and conference papers) used for the analysis by the Royal Society. This 20% omission rate  further increases as about  a third of research documents were internationally co-authored The absence of country affiliation data  is multiplied in those cases, effecting more than one country.. The omission penalizes the most those countries that had the highest rate of internationally co-authored  publications between 1996 and 2008: Switzerland, Germany, Canada, UK and the US. 

The paper argues that the Royal Society’s report gives too much emphasis to the growth rate of the publications  of Chinese researchers when interpolating that data and forecasting  that within the decade and possibly as early as by 2013 China will get ahead  even of the US in terms of the number of publications. The report graphically illustrates the purported demise of the US and the other traditionally leading countries in the advancement of science. In an era when the “publish or perish” slogan is replaced by the “get cited  or perish” mantra, the report barely discusses how much China is behind the world average and especially the above countries in terms of the most important scientometric indicators that take into account the productivity/quantity aspect and  the citedness of publications as a proxy for quality. The author illustrates  that there are much better measures for the assessment of research activity than the one-dimensional productivity numbers, such as the h-index or the uncitedness rate, and the citations/publication rate  where China is much below and the US is much above the world average scores, and recommends through some charts to paint a more realistic picture of the scientific landscape . 
BACKGROUND

The substantial, open access report, “Knowledge, networks and nations” published by the Royal Society of the UK at the end of March, 2011 (Royal Society, 2011) made the headlines in the press, on TV sets, and of course on the Web. Almost invariably, the press  emphasized only one prognosis of the report. Slightly paraphrased for simplicity, the report said  that “China …  now the second highest producer of research output in the world […] is expected some time before 2020 to surpass the US [and] this can take place as early as 2013”.  
Just a few sample headlines illustrate sufficiently the reaction by the media: “The West is losing ground in the scientific research race” (The Telegraph), “China on course to overtake US as world's leading scientific superpower” (Daily Mail), “China poised to top US in science by 2013” (Pitts News), “China poised to overhaul US as biggest publisher of scientific papers” (Guardian), “China to overtake US on science in two years” (BBC News),  “China shoots up rankings as science power” (CNN). 
It was possibly the chart at the end of  Part 1 of the report (freely available as a PDF file) that got (partially) the attention of the media and triggered the Fleet Street style headlines, equating publishing productivity and growth rate with scientific quality and progress. 
The graph shows the dramatic change in the share of papers published by authors affiliated with institutions in China and the US, respectively. The original graph is far more sophisticated, it includes on the chart data  for several other countries and clearly marks with dotted lines the starting date of interpolation (2009). It is available on page 43 of the open access report.

My graph used only actual data retrieved in the first week of May, 2011 from the Scopus database, extending the time span of the real data coverage.  It is not clear when was the data collected for the graph used in the Royal Society’s report. There are differences in our raw data which is understandable as there may have been more than a year difference in collecting data. Scopus may have added records to several thousand journals that it decided to start covering, filling gaps in journals that I kept pointing out in my reviews. There may have been differences in the fine point of our search strategies. I included the records identified with the “In Press” tag, and also those with the “Note” tag for document type (as they are typically brief papers, often referred to as short communications in the source).  The report indicates that linear interpolation was used to construct new data  points, and apparently reality does not follow the curve predicted, or the number crunching got priority over common sense, and familiarity with the literature as the editor of Online Information Review has warned  in his memorably titled, skeptical editorial about the overuse of metrics (Gorman, 2008). 
[image: image1.jpg]——US - % of worid's research publcations.
—— China - % of warl's research publcations





Figure 1. The long term interpolated trend of the share of the World’s scientific research publications (journal articles and notes, review articles, conference papers) by China and the US   according to the Royal Society (top) and short(er) term reality according to Peter Jacso (bottom)
The stunning rate of increase in the number of papers published by researchers in China cannot be understood without learning about the culture, policies  and practices of the Chinese academic world and bureaucracy. Both Nature and Science cover very systematically and  objectively the  issues that are very closely related to the scientific publishing activity in China, its originality, novelty, international impact, quality, quantity and rewarding context  (Cyranosky, 2010; Qiu, 2010; Torres, 2010, Xiguang and Lei, 1996; Xin, 22006 and 2008, and a recent anonymous editorial: Nature, 2010). Beyond the non-anonymous quotes in the above pieces by very respected Chinese academics  and former academic administrators, the domestic, official  perspective is also presented, although to  a much lesser extent (Xian 2006a and 2006b). 
Evaluation of research performance of individual countries and groups of countries through the prism of bibliometric and scientometric data has been written about widely since the 1970s. One of the first comprehensive compendium (Braun, Glänzel and Schubert, 1985) about the scientometric profile of 32 nations from the magnetic tapes of the Citation Indexes of ISI (now: Thomson Reuters) was published when computer resources were much more limited, but the book is still an interesting source for historical background.  Beyond the technical capabilities the intellectual ones are as important for such projects, and it is essential to study the papers of the best scientometricians, such as those  by Anderson et al (1988); Gauffriau et al (2007 and 2008), Glänzel (2001), Glänzel et al (2006), Hicks (1999); King  (2004), Larsen (2008); Moed et al (1995); Schaaper (2009); Schubert and Braun (1990), Schubert and Glänzel (1983); Van Leeuwen, et al (2000). Especially important are from the academic China syndrome perspective the papers by Frietsch (2007); Jin and Rousseau (2005),  Liang and Wu (1994); Liang et al (2001), Moed (2002),  Schaaper (2009); Zhou and Leydesdorff (2006), Zhou et al (2009a and 2009b).
The two most pertinent papers for interpreting the findings and the prognosis for the purported competition between China and the US are very compact but highly informative, and  very well illustrated by simple tabular data (Adams, King and Ma, 2009; Adams and Pendlebury, 2010). They are part of the Thomson Reuters's Global Research Report series and did not get a fraction of the  worldwide attention that  the report of the Royal Society received, even if they painted a  similar picture and forecast (which I don’t agree with). They also compared the 1999-2003 and 2004-2008 scientometric and bibliometric data –retrieved  from the Web of Science (WoS) database. Along with many other country reports in  the series it may have been the inspiration for the Royal Society to do a very similar project – from the Scopus database. 
I have reviewed in the past six years both the Scopus and WoS databases regularly as they were enhanced by new content and/or software features and analyzed them  from many perspectives, including scientometric profiles of library and information science journals,  the scholarly ouvre of two doyens of the library and information science field, and essential scientometric indicators of several  South American countries (Jacso, 2008a, 2008b, 2009a, 2009b, 2009c, 2010b, 2010c, 2011). I extensively used also the Scimago Journal and Country Rank database (http://www.scimagojr.com), an outstanding, regularly updated  open access service  created from Scopus data files (Jacso, 2010a). Its most recent edition released in January, 2011, covers the time period 1996-2009. I also used my unpublished scientometric data collection for the countries/territories where I made lecture tours in the past few years (Thailand, Malaysia, Singapore, Taiwan, Hong Kong, India, Australia and New Zealand) about the pros and cons of using Scopus, WoS, and Google Scholar in  research assessments. For this paper I used also the Scopus database from early April, 2011 to the first week of May to check trends of changes for China and the US from 1996 to early May of 2011. 
The Scopus database

The choice of Scopus for the Royal Society’s project was particularly interesting in light of the facts that Scopus has had novel and very elegant and user-friendly software features repeatedly, that I applauded, and content issues and statement that I did not.  It has a journal source base (about 18,000 titles), almost twice as wide as  that of WoS, and covers almost all the sources that WoS processes. However,  Scopus  has its own non-obvious content limitations as do many other databases that I wrote about in depth earlier (Jacso, 2009a, Jacso, 1997). It was interesting  to explore from the perspective of the scientometric profiles of countries how the limitations  may effect the results presented in  the report of the Royal Society. 
Here I focus on the essential implications of the choice of the Scopus database for ranking and positioning  China and the US in the project of the Royal Society. The most critical issue (to be discussed in the next section) is the lack of data for the country affiliation of authors in Scopus for more than 20% of the records in the 1996-2008 period alone. As will be obvious from the discussion, this effects negatively the US and many European countries much more than China, which has far fewer records in Scopus than the G-8 countries. My references to number of papers and citations received by country also reflect the effect of large scale omission of country affiliation data in Scopus records, but at least I try to provide the context for interpreting the data better. 
As of early May, 2011, the 1996-2008 segment of Scopus (used for the Royal Society report) and WoS were  comparable in size, with 17 and 19 million records respectively. This figure for WoS does not include the records from the two separate conference proceedings databases of Thomson Reuters, which would increase its size to 19.2 million records (after automatic removal of duplicates across the different database components of WoS). 
As for the number of journals processed, Scopus covers about 80% more sources than WoS. The latter was created on the principle of selectivity,  focusing on the most influential (most cited)  journals in different disciplines. The fact that the mere inclusion of a journal in  WoS  has been a status symbol that most publishers prominently emphasize, is indicative of the premier or elite club approach in source coverage. Considering the cost of adding 20-22 million cited references per year alone, this selectivity is justified, even if in some cases the inclusion of some journals at the expense of other much more worthy ones, reflects lapses in this policy. 

Scopus emphasis in the source coverage has been on the extensiveness. As it is an Elsevier product, this is understandable as the bibliographic records with the cited references for journals, conference papers and books published by Elsevier have been immediately available for the Scopus developers from the superb ScienceDirect database. By now, in my estimate, there are more than 10 million high quality records available in ScienceDirect (and imported  into Scopus). In addition, these records appear sooner in Scopus than in any other databases except for those produced by Elsevier. This is also a precious perk for current awareness purposes.      
In light of the opinion of experts quoted in the Science and Nature articles about the quality of many of the journals published in China, not even this comprehensive approach may  justify the huge expansion in Scopus of the journals published in China. In my estimate (based on data from the Scimago database), Scopus covered less than 200 such journals in 1996.By 2008 this number went up to nearly 500 journals (counting only those that had at least 1 “citable” research document (journal article, review article, and conference paper [published in a journal or other serial publication]).  By 2009 the number grew to 542. For comparison, in 1996 Thomson-covered less than 20 journals published in China, and 80 by 2008 (based on data I collected from the back issues of JCR, the Journal Citations Report). Coverage in the Journal Citations Report must be preceded by two years of collecting and processing information about the journal), so the actual coverage of sources begins earlier than the JCR would indicate.
The steep growth of the source coverage  certainly contributed to the reported sharp increase in the number of  publications authored or co-authored by researchers in China. However, it is not necessarily their increase in productivity in the past years, but the extended visibility of their productivity (papers published per year). Related to this is the phenomenon that in the past 10-12 years the number of Chinese researchers and students working/studying temporarily  in the US and Europe, and European and American researchers and educators teaching/working in China  became co-authors of an increasing number of papers and helped to get them published in high ranking non-Chinese journals. There are no readily available statistics for this trend, but in can be clearly seen in many fields , including scientometrics. While  there are very talented solitary authors in China, who publish papers in top ranking international journals, in interpreting the striking growth of Chinese output reported by the Royal Society the direction of this type of international cooperation should be taken into account. In getting productivity and citation scores all authors are equal in most reports. The ones published by the National Science Foundation have been the remarkable exception by using fractional counting which divides the publication and citation counts by the number of countries/authors and paints –in my opinion-  a much more realistic picture than whole counting – used among others- by the report of the Royal Society. 
Errors of omission, their scale and disclosure
Errors of omission in databases have been more  dangerous than errors of commission because they are invisible. They make search result inaccurate. Laudably, The Royal Society carefully mentions throughout the report when some statistical source did not have data for a given year, such as the number of researchers in some  countries, or when data was otherwise problematic for accurate interpretations. When it comes to the omission of authors’  country affiliation in Scopus , there is a footnote (Royal Society, 20011, p. 47).  
“Data in some subject fields in 2000, 2001 and 2002 lacked complete author affiliation data; the data for these years shown have been interpolated accordingly”. Few readers may read this note, and fewer would realize the real scale of the omission of author affiliation data (which is split into affiliation country, city, and organization subfields). 
It is enigmatic why does the report refer to  three specific years in the footnote about  the lack of complete author affiliation data when this problem is present across the board. Actually, from 2004 the number of records without country affiliation data, and the omission rate in relation to the number of all records in the year, is larger than  in the years specified in the footnote. 

My test across the entire Scopus database clearly indicated the omission rate of the country affiliation data for the 1996-2008 period (shown here) is much lower than the 34% across the entire time-span of Scopus.  In WoS, the rate of omission is  smaller for the period from 1996 onward, 13% for all types of records, and only about 3.8% for journal articles, review articles, and conference papers. Omissions are unavoidable in many cases when not even author names are available, let alone the country of the author, but the 20% omission rate in Scopus for journal articles, review type articles and conference papers is very high, and needs to be much reduced for realistic country profiles in research assessments. 
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Figure 2. The real spread and scale of omission of country affiliation data (marked in white) in the Scopus database for the 1996-2008 time span used for the Royal Society’s report.

The accuracy and consistency of the country names is another issue, and recently it has improved much, but for earlier periods there are still many inconsistencies. For example, in WoS one can find several variants for the same country name, such as People’s Republic of China (spelled as Peoples Republic for technical reasons), PRC, China but with careful defensive searching the effect of this may be reduced. Adding the 3-character ISO codes and using behind the scenes  automatic matching would much improve search effectiveness.  
Inaccurate country assignment is another problem that only the database provider can help with, and the scale of it cannot be determined by the user. In some cases the user may be alerted to such problems when browsing the result list. In the case shown below, where both Shanghai and Hong Kong are  assigned to Taiwan, it is obvious that the human indexer or the indexing software made the error because the  by-line in the source journal had the correct  name of the country/region (according to one’s geopolitical preferences). The majority of the 150 odd couples that I found  in Scopus records are for very current (2011 or 2010 publications), so it is not the baggage of the past. This gives a clue to the developers to check if this error is caused by an automatic pairing from a city-country look-up file that was modified.
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Figure 3. Correct country/region assignment in the source journal (top part) versus the Scopus record (bottom part) 

It is equally misinforming in the footnote of the  Royal Society’s report that author affiliation data is missing in some subject fields. They are missing in all subject areas used in Scopus. The absolute number of records without country affiliation data by subject area  widely differ, but they are more or less proportional to the distribution of the documents and their records by subject fields, with medicine and engineering being the most covered subject fields in Scopus. 
There is one special “subject” category, appropriately labeled Unidentified, for those records that have no subject category assigned. It is strange why there are so many records without subject area assignments even in the current years, when it is not the individual article but the journal that gets one or more subject field(s) assignment. This is very important in cases where scientometric country profiles are presented at the subject level. This was not an issue in WoS 4.x where all the records have one or more subject categories assigned. (In the beta version of 5.x there are many records without subject headings which is being analyzed as of this writing). 
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Figure 4. Distribution of records without country affiliation data for articles, conference papers and reviews for 1996-2008 by subject areas

There are 619,217 records without any subject categories assignment in Scopus. Strangely, 70% of them are for the journal article, conference report, and review articles subset of the recent, 1996-2006 time period. 
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Figure 5. Distribution of records without author country affiliation  is concentrated between 1996 and 2006
On the positive side, volunteering this information alerts the user of this shortcoming. The same solution is applied for the Document Type field, which is not assigned to 3.37 million records (fortunately, almost all of them for papers published between 1966 and 1995. This a concern for those who want to do an analysis  of pre-1996 papers, and wish to exclude from the results books or conference papers. The absence of the document type data, obviously excludes records that do not meet the limiter’s  specification, such as article, note, and review.
Beyond the publish or perish mantra
The report of the Royal Society focuses on publishing productivity, and -beyond a pie chart- barely discusses the citation aspects. It is true that the ”publish or perish” thinking has dominated   academia   since at least the early 1940s (as traced down and impeccably documented by Garfield, 1996). However, this slogan is transforming into the mantra of  “get cited or perish”. It is becoming the dominant concept in the nationwide research assessment projects around the world. It makes sense because publishing productivity in and by itself does not tell enough about the quality of the research. (It is not publication envy that makes me say this as I was second ranked - behind Carol Tenopir -in the last two evaluation of the publishing activity of 600+ LIS faculty members in the US and Canada). Combining productivity statistics and citation measures,  direct human peer review and rating is the optimal combination.  
Unfortunately, the report of the Royal Society treated the citation aspect of the Chinese science publishing activity with excessive discretion,  as a lord would do when asked to comment about a lady’s  unappealing fascinator worn at  an event of another royal society. Its extremely euphemistic, passing mention –wrapped in  a sugarcoated clause - of China’s citation status said that “China […] does not mirror that nation’s growth in investment or publication output”.  The reality and commonsense is that China’s scientific publishing performance  measured by any citation-based metrics was and still is  -without kowtowing- way below the worldwide average according to my calculations based on data from the Scimago database. For example, its citation/documents rate remained very low (less than half of the worldwide average), and its uncitedness rate remained twice as high as the worldwide average throughout 1996-2008. These metrics of the US showed the opposite: about twice as high citations/documents, and half as high uncitedness rate as the world average.
Even if China would catch up with and get ahead of the US in the near future, which I very much doubt, it should be of no concern, and no reason for these headlines that were quoted in the Background section. The headlines about China overtaking the US as a science superpower in the Daily Mail, and – very surprisingly- on the BBC News web site, were loud  and cheap and ignorant. They misinterpreted the data in the report of the Royal Society, and coined a catchy headline. Quantity does not quality make. The dozen scientifically most important countries that are on the floor (barely above the X-axis) in  the chart of the  Royal Society’s report, are the most sought after partners in research. 
The linear interpolation (misspelled as interpretation in the report) is based on the growth rate or the lack of it. It  is akin to saying about a teenager who grew by more than a feet in height in a year, that (s)he will be  8 feet tall by 2013. To the credit of the authors of the Royal Society’s report, they added a sarcastic comment next to the chart, saying that “of course, in practice this will not follow the linear progression (we do not expect that the USA will decrease their share of global publications to nothing in the next 50 years)”. 
Switzerland may be retrograde in some issues (as it was with suffrage for a very long time), but it certainly was not worried when China started to produce much more watches per capita, there was no consternation that the authentic  “Made in Switzerland” designation  will keep its products lucrative and prestige intact. The same is true for its science. By the overall citations/document rate indicator, for the 1996-2009 time frame it is the #1 in  the top quintile – which includes the US, Japan, Australia, New  Zealand, Israel  and almost all the countries from Western Europe that appear in the lists and graphs of the Royal Society report. I limited the list of countries to those that had records for at least 10,000 documents. The criteria was met by 65 countries. The US ranked #3, and China #59.  My data is based on the 2011 edition (aggregating data for 1996-2009, not 1996-2008) of the splendid Scimago database created from Scopus data. For 1996 China is behind Togo and  Moldova by this indicator when not limiting the list,  and it is the last, 19th country when the list is limited to countries with at least 10,000 documents for 1996. By 2008 the US moved down to the 6th position and China moved up one position -  from the very bottom of the list which was taken over by Russia. These two countries remained in the same position for 2009, the US moved down to the 9th position – a decline, no doubt, but not a dramatic one from the science superpower perspective. 
My search for calculating the h-index of the set of documents published between 1996 and 2008 yielded a h-index of 302 for China, 1,197 for the United States, and 1,359 for the entire world (as seen and processed by Scopus through its broad source coverage). 
Citation scores  and growth rates obviously represent an essential component in research assessment. They are distinct from the productivity score or growth rate. That’s why the prize of the  worst interpretation of the Royal Society report goes to the otherwise excellent TIME magazine [Anon, 2011]. It claimed that “both the output and the quality of work by Chinese scientists have improved. Tabulating both the number of internationally recognized papers […] as well as the number of times these works are cited by peers, the report found a dramatic leap in Chinese science”. The latter part is not  just misinterpretation, it is plain fantasy and  a gross misrepresentation of data by the magazine. It also managed to replace the caption of the original chart from “Global Share Total Articles” to “Growth in citations in scientific literature” while retaining the graph’s dramatic shape of plummeting shares of the US and soaring scores of China in the number of publications. It was likely an unintentional but gross mistake rather than a desire to create a shortie about the postman biting a dog.    
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Figure 6. The worst interpretation: postman bites dog

China is not going to overtake the U.S. and be the #1 science superpower by 2020, let alone by 2013, even if Taiwan also gets re-united  and gets its research publications and citations incorporated into those of China, boosting China’s productivity & citation scores, and citedness rate, or if Scopus would further extend the scope of coverage of journals published in China at the rate it did between 1996 and 2008.

   It is hoped that in the next edition the Royal Society will include citation-based indicators, present  some time-series data and makes them available in a standard spreadsheet format as the  National Science Foundation, the OECD and the World Bank do. This would rhyme with the report’s  last recommendation (and my opinion) that “Better indicators are required in order to properly evaluate global science”. The solution is to use multidimensional indicators that optionally may incorporate also the prestige of the sources in which the papers were published and cited. That will represent the real landscape of science, and which countries are the genuine superpowers in scientific research.
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