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I. ABSTRACT

Traditional citation analysis for proposer quality assessment typically consists of counting citations to documents produced by the proposer’s research unit, then comparing this citation count to numbers of citations received by similar documents from other research units.  While this approach appears rather straight-forward and deceptively simple, it is intrinsically very complex.  This paper illuminates the complexities, and shows that high quality science and technology citation analysis requires technical experts performing very manually intensive comparisons that include very subjective judgements.  It shows further that the automated assembly-line approaches to citation analysis, widely used by the decision aid community today, is highly uncertain at low-to-mid citation levels characteristic of most research.

This paper provides two examples of the application of citation analysis to proposal evaluation.  A number of lessons were learned concerning requirements for high quality citation analysis for research proposer quality evaluation, and these lessons are summarized. 

II. INTRODUCTION

In the evaluation of science and technology, whether programs or proposals, a key criterion is the track record of the proposer or presenter.  Past analyses [DOE, 1982; Kostoff, 1997a] have shown that, typically, the criterion of Team Quality is the major determinant of program or project quality.  Many qualitative and quantitative approaches have been used for the purpose of determining Team Quality [Kostoff, 1997a].  None are viewed as adequate in a stand-alone mode, and present practice is to use multiple approaches to determine Team Quality [Martin, 1983; Kostoff, 1997b].

One of the more widely used of these approaches, especially applicable to research, is citation analysis.  For proposer quality assessment, citation analysis consists of counting citations to documents produced by the proposer’s research unit, then comparing this citation count to numbers of citations received by similar documents from other research units.  The assumption is then made that documents with higher relative numbers of citation counts have more impact than those with lower citation counts, and are of higher quality from the citation metric perspective.  

While this approach appears rather straight-forward and deceptively simple, it is intrinsically very complex.  This paper will illuminate the complexities, and show that high quality science and technology citation analysis requires technical experts performing very manually intensive comparisons with very subjective judgements.  It will show further that the automated assembly-line approaches to citation analysis, widely used by the decision aid community today, is highly uncertain at low-to-mid citation levels characteristic of most research.

After a background description of the problem, the analytical techniques developed for the citation analysis will be presented.  Two illustrative examples of the use of citation analysis for proposal review will be presented.  Because of the confidentiality agreements operable for proposal review, all information that identifies either the proposing organization or the potential science and technology sponsor will be removed.  The results of the analysis will then be presented, followed by summary and conclusions that emphasize the lessons learned from using these techniques.  Special emphasis will be placed on requirements for thematic similarity between the target documents and the external documents against which they are compared. 

III. BACKGROUND

In the present context, citation is referencing, in a document, the work of another individual or group.  The work referenced can exist in many forms, although the most common use is reference of another document.  Citation analysis is the examination of the multiple dimensions and myriad facets of citations for the purpose of understanding the many impacts of the target documents of interest.  There are two main categories of citation analysis, traditional citation analysis and Citation Mining.  

Traditional citation analysis has been practiced for decades, focuses on the purely quantitative impacts of documents, and offers one dimension of performer quality.  Citation counts resulting from traditional citation analyses are usually classified as outputs, but they are neither outputs nor outcomes.  While they are closer to outputs than outcomes, since they can be used in relatively short range analyses and they do not impact the larger problems characteristic of outcomes, they are not under the direct control of the performer.  

Citation Mining, the combination of citation bibliometrics and text mining, is a recent invention [Kostoff, 2001; Del Rio, 2001], and offers further insight into the nature of the citing entities.  Citation Mining will not be discussed further in the main text, but is summarized in Appendix 1.  

Modern day interest in studying and developing the citation process accelerated after WW2 [e.g., Zachlin, 1948, Zirkle, 1954].  However, the origins of citation analysis as a widespread bibliometrics tool can be traced to the mid-1950s, with Garfield’s proposal for creating a citation index [Garfield, 1955].  As the Science Citation Index (SCI) was developed, along with companion citation indices, the computer revolution and associated information technology developed in parallel.  The combination of SCI, massive information storage, and rapid information retrieval laid the foundation for a multi-application S&T evaluation capability.

The foundations of modern traditional citation analysis were established by Garfield [1955, 1963, 1964, 1965, 1966, 1970] and CHI, Inc [Narin, 1975, 1976, 1984, 1994, 1996; Albert, 1991], and extended to co-citation analysis by Small [1973, 1974, 1977, 1981, 1985].  The practice of citation analysis has been extended further by groups at the Hungarian Library of Sciences [Schubert, 1986, 1993, 1996; Zsindely, 1982] and the University at Leiden [Moed, 1986; Nederhof, 1987; Braam, 1988, 1991; VanRaan, 1991, 1993, 1996; Davidse, 1997].  Traditional citation analysis is presently used both at the micro and macro scales.  It is used at the micro level, especially in academia, to evaluate components of impact of a given published document, or the documents published by a given researcher or research group.  It is used at the macro level to evaluate technical discipline or national outputs.  Because of the large numbers of documents and subsequent citations that exist in macro level analyses, semi-automated techniques have been developed to handle the data efficiently.  As time has proceeded, these semi-automated techniques have diffused toward micro level application.

Traditional citation analysis has two components.  The first component is counting of citations to a document or group of documents, depending on the purpose of the analysis.  The second component is placing these citation counts in a larger context through a comparison and normalization process, to provide meaning to the numbers of counts obtained.  

Many articles have been written about problems inherent in the traditional citation analysis process [e.g., Geisler, 2000; MacRoberts, 1989, 1996; Kostoff, 1998].  There are two main categories of problems: those associated with the counts of citations, and those associated with the comparisons of counts of citations.  The problems associated with counts of citations can be sub-divided further into problems associated with the quantity of the underlying data, and problems associated with the quality of the underlying data.

III-A.  Problems with Citation Counts

III-A-1.  Problems with Quantity of Underlying Data 

The main resource available for performing citation analysis today is the SCI.  The number of candidate articles to be used in a citation analysis is limited to the number of articles in the total SCI.  This total is limited by the following sequence of steps.  

a) There is approximately $500 billion-$800 billion/ year worth of S&T being performed globally today, depending on one’s definition of S&T.  Only a small fraction of the S&T performed is documented.  While there are many reasons for this [Kostoff, 2000a], basically there are more disincentives to publishing than incentives.

b) Of the S&T performed that eventually gets documented, only a very modest fraction is accessed by the SCI (or any single database).  There are tens of thousands each of internal and external technical reports, workshop and conference proceedings, journals, magazines, newspapers, and patents resulting from the S&T performed and published annually.  Yet, the SCI accesses only about 5600 journals presently.  While these accessed journals tend to be the highest quality peer-reviewed research journals, they represent only a fraction of S&T that is documented.

c) Of the documented S&T that is accessed by the SCI, only a fraction reaches the average  analyst performing citation analysis.  The main reason is the extremely poor information retrieval techniques actually used by the technical community [Kostoff, 2000b].

Thus, the citation counts derived from the records in the SCI under-represent the total referencing of prior work by the global technical community.

III-A-2.  Problems with Quality of Underlying Data

The problems with citation data quality translate into problems with the citation selection process (i.e., the approach used by authors to select references for inclusion in their papers).  The issues related to the sociological and cultural aspects of how people cite have been raised by the references cited above, and will not be repeated here.  Suffice it to say that the combination of quantity and quality problems with citations place strong limits on the degree to which citations can be used as a stand-alone metric.  This is especially true for documents that receive mid and low level numbers of citations; the very highly cited documents are in a class by themselves, and modest margins of error in interpreting their citation counts don’t affect overall conclusions about their impact. 

III-B.  Problems with Citation Comparisons

Problems with citation count comparisons form the focus of this paper.  Whether applied to micro or macro scale problems, citation count comparisons have received insufficient attention, and offer further severe constraints on the credibility of present day citation analyses.  There are two main types of potential citation count comparisons: comparison of counts to an absolute standard, and comparison of counts to a relative standard.  The former comparison is analogous, in the physical sciences, to comparing actual engine efficiencies to maximum engine efficiencies possible (Carnot efficiencies).  The latter comparison is analogous to an athletic competition, where one group’s performance is compared to another group’s performance.  One problem with the latter comparison is that the performance of a group is never related to its potential, only to the performance of another ‘similar’ group.  The latter comparison is used in essentially all citation analyses today.  This issue of comparison with absolute or relative standards was examined in a 1997 paper [Kostoff, 1997c], and will not be addressed further.  

Citation count comparisons are necessary because of the high variability of citation counts with different parameters.  Citation counts depend strongly on the specific technical discipline, or sub-discipline being examined.  The funding and number of active researchers can vary strongly by sub-discipline, and these numbers of researchers affect the numbers of citations directly.  The maturity of the sub-discipline affects the numbers of citations, since the basic research community is oriented more toward publishing than the applied research or technology development communities.  The breadth of the sub-discipline can affect citation counts, since more focused disciplines will concentrate citations into fewer key researchers.  The classification and proprietary levels can vary sharply by sub-discipline, and can strongly affect what gets published and therefore cited in open-literature publications.  The documentation and citation culture can vary strongly by sub-discipline.   Since citation counts can vary sharply across sub-disciplines, absolute counts have little meaning, especially in the absence of absolute citation count performance standards.

Thus, in order to provide meaning and context of citation counts for performance evaluation in traditional citation analysis, some type of citation count normalization is required.  The main normalization approaches used in traditional citation analyses are described in an excellent review article [Schubert, 1996].  They can be summarized as follows: 

1) Reference standards based on prior sub-field classification

Journals are classified into a number of science sub-fields.  Since some journals are single discipline, and some multi-discipline, percentage weights are assigned to each journal indicating their connection with the different sub-fields.  According to Schubert [1996], the method works only at a higher (macro) statistical level; i.e., if the sample under study is large and mixed enough to support the validity of such a statistical approach.  Further according to Schubert [1996], for micro level analyses, it is sometimes unavoidable to use a classification scheme concerning not only the journals but every single paper.  Schubert proceeds to point out that such classification schemes are enclosed in some specialized databases, such as in the Physics Briefs, to classify each paper into one or more of ten first-level and many lower-level sub-fields of physics. 
2) Journals as reference standards

Primary journals in science are generally agreed to contain coherent sets of papers both in topics and professional standards.  According to Schubert [1996], it seems justified to regard the set of regular authors of a journal as reference standard for any single author (or team of authors), the set of institutions regularly publishing in the journals as reference standard of any single institution, the citation rate of the set of papers published in the journal (or of a properly selected subset) as reference standard of any single paper.  Also according to Schubert [1996], one may thus expect that any difference in productivity, citation rate or other scientometric indicators reflects differences in inherent qualities.

3) Related records as reference standards

Subject matter similarity between two documents is measured by the number of shared references.  According to Schubert [1996], bibliographic coupling appears to be one of the most selective and flexible techniques of reference standard selection, but “because of its high requirements in time and effort, its use can be suggested only in micro or meso-level”.

It is the present author’s contention that none of the above normalization methods are adequate for precise normalization, since they do not provide sufficient resolution for distinguishing among the lower level sub-fields.  Inability to distinguish precisely among sub-fields translates, in some cases, to substitution of far different magnitude numbers for the normalization base.  The next section will show some of the effort required to make these normalization comparisons more precise. 

IV. ANALYSIS TECHNIQUES AND ISSUES

IV-A.  First proposal

The author was recently asked, by a potential sponsor, to evaluate an S&T proposal generated by organization XXXX.  While there were a number of criteria that had to be evaluated relative to technical quality and relevance of the proposal to the potential sponsor’s mission, one key criterion was the quality of the proposer’s research team.  It was decided to evaluate team quality through evaluation of the research team’s various outputs and outcomes.

The proposal and accompanying material presented many different types of outputs from XXXX researchers.  Assessing the quality and impact of those outputs was complex, especially since they covered more than one research area.  The following procedure was used as a first-order estimate of quality/ near-term impact of XXXX’s output, and thereby of the research team.

The citations of selected XXXX publications were compared against those of thematically similar non-XXXX publications, using a pair-wise comparison approach.  Specifically, all XXXX publications for 1996 (38 documents), as identified in the Web version of the Science Citation Index (SCI), were compared with thematically similar non-XXXX publications from the SCI.  

[1996 was selected as a compromise year.  The author wanted to examine recent documents that reflected current management and staff of XXXX, but also wanted to insure that sufficient time had passed since publication such that citations had a reasonable chance to accumulate. Figures 1 and 2, titled Citing Papers Time Distribution, show the yearly and cumulative numbers of citing papers as a function of time, for 1996 and 1993, respectively.  For 1996, the citing papers (for all the XXXX papers published in 1996) show a linearly increasing cumulative trend up to and including 2000.  For 1993, the citing papers (for all the XXXX papers published in 1993) show more of an S-curve trend.  While 1993 shows a leveling off of the citations, and would therefore have been a better year to select from that perspective, it was judged to be too far in the past to be relevant for assessing the quality of present XXXX staff and management.  Citations from 1996 should almost be ready to level off, if the 1993 distributions can be extrapolated to 1996, and therefore 1996 was selected.]
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For each of the 38 papers published in 1996 (hereafter referred to as the target papers), three non-XXXX papers thematically and temporally similar to the target papers were selected.   If 1996 papers with the requisite thematic characteristics could be identified, they were given first priority in the selection, to insure temporal normalization.  If 1996 papers could not be identified, then 1997 papers were selected.  Thus, the results are conservative with respect to XXXX.

Selection of papers in the SCI thematically similar to the target paper depends strongly on the study’s purpose and objectives, the mission of the performing organization, the degree of focus of the paper’s theme, the size of the research paper pool from which to choose, and the level of technical description in the paper’s SCI Abstract.  The relation to study purpose is especially important, and is often overlooked.  Specifically, is the purpose of the study to evaluate the ‘job right’ quality of the performer (i.e., is the specific task selected being performed with the latest tools and techniques to achieve the specific objectives?), or is the purpose of the study to evaluate the ‘right job’ quality of the performer (i.e., have the right task and right objectives been selected?).  If the focus is on ‘job right’ quality, then the thematically similar papers will be limited to a very narrow area of inquiry.  If the focus is on ‘right job’ quality, then the focus of thematically related papers can be expanded greatly.

For example, suppose that a researcher being evaluated was performing acoustic studies in the 100 KHZ small object detection regime.  If the performing organization’s mission in acoustics was limited to performing studies only in this regime, and if the quality determination was phrased as how well the researcher was performing relative to other researchers studying the 100 KHZ regime, then the thematically similar papers would all be focused narrowly around frequencies of 100 KHZ.  The study reduces to determining the most cited papers at 100 KHZ.  If, however, the organization’s mission in acoustics provided flexibility in selecting the frequency regime to study, and the organization chose to focus on the 100 KHZ regime, then thematically related papers could include those in a broader range of frequency regimes.  The study reduces to determining the most cited paper in mid-high frequency acoustics.  The choice of journal as reference standard, described previously and referenced in Schubert [1996], relates strongly to the latter definition of organization mission, where essentially any paper in an acoustics specialty journal could serve as a reference standard.  The practical implications of ‘job right’ vs ‘right job’ comparisons are that papers with substantially higher citation counts could be included in the normalization pool as the allowed definition of thematic similarity becomes broadened.

Selection of papers thematically similar to the target paper was very difficult, time-consuming, and subjective.  This was especially true for the broad-based analyses.  The selection was more straightforward for the much more limited specific technology papers, since these more focused areas seemed to have many researchers working related problems.  The author believes that the subjectivity involved in selecting thematically similar papers is a major source of uncertainty of the results.  A rigorous study, in addition to having the rigorous information retrieval and statistical sampling processes mentioned in the next two paragraphs, requires the use of multiple evaluators for the same target papers to average out evaluator subjective bias.  

Many of the applied research papers combined analytical technique advancement with novel application advancement.  It was not always possible to have thematic similarity for both technique and application, especially in those research areas with relatively few performers, and typically a choice had to be made between technique and application for determining thematic similarity.  

Two important issues were i) determining the number of thematically similar candidate papers in the pool from which to choose, and then ii) determining the number of papers to select from the pool.  First, in a rigorous study, candidate thematically similar papers would be identified by the most rigorous processes available.  In the author’s information retrieval studies [Kostoff, 1997d, 2000b], a manually intensive iterative approach using computational linguistics and bibliometrics is used to identify the full scope of relevant literature papers for each specific topic studied.  For the present study, this would have required 38 such literature searches.  In the time available, even one such rigorous literature search was not feasible.  A very approximate approach was used.

Second, the number of papers to select from the candidate pool should have the greatest thematic similarity, and be representative statistically.  Again, this would have required poring over hundreds, or thousands, of similar papers, and selecting a substantial number of the most representative thematically.  Again, a small sampling approach was used because of time exigencies.

The first selection step was to examine the Related Records field of the SCI for a given target paper.  This field contains papers that have at least one reference in common with the target paper, as stated previously [Schubert, 1996].  Papers that share references tend to be similar thematically, but this is not always true, and the relation between thematic similarity and number of shared references is not always monotonic.

Because of time constraints, a limited number (three) of thematically related papers was examined for each target paper.  If three records thematically similar to the target paper could be identified from the Related Records papers, the selection was completed for that target paper.  If three records could not be identified, then key words from the target paper’s Abstract/ Title/ Keyword fields were used to search the SCI for related records.  This approach was substantially more time consuming than the already time-consuming Related Records approach.
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Once thematically similar records were identified, the citations for each of the four records were tabulated.  Figures of merit were generated, and the citation performance of each target paper was compared with that of the three thematically related papers.  The results are shown in Figure 3.  Starting from the left, column A is the number of the record, column B is the citations of the target paper, column C is the self-citations of the target paper, columns D, E, F are the citations of the thematically similar papers (papers 3, 25, 26, 32 did not contain sufficient information for similar papers to be identified), column G is the average citations of the thematically similar papers, column I is the median citations of the thematically similar papers, and column K is the standard deviation of the citations of the thematically similar papers.  Columns H, J, L are figures of merit FOM1, FOM2, FOM3, respectively, defined as follows:

FOM1=citations of target paper/ (citations of target paper plus average citations of related papers)

FOM2=citations of target paper/ (citations of target paper plus median citations of related papers)

FOM3=(citations of target paper minus average citations of related papers)/ standard deviations of related papers.

FOM1 and FOM2 have the desirable properties of ranging between zero and unity, as well as equaling 0.5 when the target paper citations equal those of the average or median citations of the related papers.   FOM3 removes the limitations of using absolute number values, and places the citation differences in the context of standard deviations.

IV-B.  Second Proposal

In early 1998, the author was asked to evaluate an S&T proposal for a different potential sponsor, generated by an organization (ZZZZ) different from the proposing organization (XXXX) of the first proposal.  One critical component again was evaluation of team quality.  This was a complex procedure for the second proposal, since most of the organization’s publication outputs were co-authored with people from other organizations, and the author wanted to identify the quality of the contributions of researchers from organization ZZZZ only.

1.  Database Examined and Process Used

One purpose of the study was to examine the citation impact on the technical community of the ZZZZ researchers who publish.  Another purpose was to assess some estimate of the ZZZZ researchers’ contribution to the published product.  Two studies were performed.  First, all the 1997 papers in the web version of the SCI that contained a ZZZZ author address were examined.  The position of the ZZZZ author in the author list for each paper was highlighted.  Citations for this group of papers were not examined, because of the recent date.

Second, all the 1993 papers that contained a ZZZZ author address were examined.  1993 was selected for two reasons.  A four-year lag allows many (not all) citations to accumulate, and is sufficient to show differentiation in citation counts among papers.  Also, 1993 was the third year that paper abstracts were included in the SCI, allowing more than title information to be obtained about a paper if necessary.  Author position was highlighted again, and then the citations received by each paper with citations received by a non-ZZZZ authored paper of similar theme were compared.

V. RESULTS AND DISCUSSION

V-A.  First Proposal

The results for the first proposal are as follows.

Figures 4 and 5, titled Citation Distribution Function, show the numbers of papers N(X) with X cites for 1993 and 1996, respectively.  63% of the 1993 target papers had either zero or one cites, and 37% of the 1996 target papers had either zero or one cites.  For 1996, the average number of citations per target paper was three, of which 2/3 were self-cites.  For 1993, the average number of citations per target paper was about 2.5.  For 1996, the average number of citations per thematically related paper was about twice the number of target paper citations.
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For 1996, the average value of FOM1 and FOM2 was about 0.3, and the average value of  FOM3 was about minus one standard deviation.   Thus, all three figures of merit gave essentially similar results.  FOM1 and FOM2 were greater than 0.5 in less than ten percent of the target papers examined.  In the best performing target paper, both in absolute citations and relative citations, 20 of the 24 citations were self-cites.  This particular paper had many authors, and many of these authors cited the target paper in later publications.

Many of the research disciplines examined seem to have relatively few papers thematically related to the target paper.  In addition, the absolute levels of citations are low, relative to other disciplines the author has examined.  This suggests research into areas that have few performers, probably low funding, and therefore low citations. 

V-B.  Second Proposal

1.  Results and Discussion

a.  1997 Database

In the 1997 database, there were 43 papers in the SCI with a ZZZZ address for the research unit.  These papers had a total of 184 authors, with an average of 4.29 authors per paper, a median of 3 authors per paper, and a mode of 3 authors per paper.  A Coefficient of Author Position (CAP) was defined as a measure of the ZZZZ author's location in the total author list.  The definition of CAP was:

CAP=(x-1)/(n-1)

where x was the location of the ZZZZ author in the list, and n was the total number of authors in the list.  Thus, if there were three authors in the list, and the ZZZZ author was third, CAP would equal one.  If the ZZZZ author was first in this case, CAP would equal zero.  If the paper had only one author, CAP was set equal to zero.  Thus, the higher the value of CAP, the less was the relative contribution of the ZZZZ author, given the assumption that the ordinal positioning of any author in the list reflects his/ her relative contribution to the paper. 

The total value of CAP summed over the 43 papers was 26.27, with an average value of 0.61, a median value of .92, and a mode of 1.  Most papers were multi-authored; there were only four papers with one author.  To summarize these results, the preponderance of papers that include an ZZZZ research unit author address have multiple authors, and the ZZZZ author is usually at the end of this list.  The typical paper in this database had about three authors, with the ZZZZ author being last.  

b.  1993 Database

i.  Author Position Study

In the 1993 database, there were 44 papers in the SCI with an ZZZZ address.  These papers had a total of 126 authors, with an average of 2.86 authors per paper, a median of 3 authors per paper, and a mode of 3 authors per paper.  The total value of CAP summed over the 44 papers was 18.97, with an average value of .43, a median double value of 0/.5 (half the papers had a CAP of zero, the other half had a CAP of .5 or greater) and a mode of 0.  The typical paper in this database had about three authors, with the ZZZZ author being second.  

In comparison with the 1997 database results, the total number of papers is about the same.  The median and mode of authors per paper is the same, but the average has dropped by a third from 1997 papers to 1993 papers.  More importantly, the average CAP value dropped by a third from 1997 to 1993, the median CAP value dropped by a half, and the mode plummeted from one to zero.  Thus, in 1993, the ZZZZ authors were contributing significantly more to papers (as measured by their ordinal position in the authors list) than in 1997. 

ii.  Citation Comparison Study

For the 1993 database, citations of pairs of similar theme papers were compared.  In particular, for a given paper with a ZZZZ author address in the list, a similar theme paper was selected from the Related Records field, and the number of citations received by each paper was transcribed and compared.  The procedure used was to select the first 1993 paper from the Related Records field with a similar theme to the target paper (this procedure normalized publication date and theme), and compare each paper's citations.  (In a very few cases, no 1993 papers could be found in the Related Records field, and a 1994 or 1992 paper of similar theme was used.  In a very few cases, no similar theme paper could be found for 1992 or 1994.)  Then, the ratio of citations of the two papers was transcribed, and this ratio was placed in one of five bands: very high (VH), high (H), same (S), low (L), very low (VL).  

'Very High', for example, meant that the ratio of citations received by the related paper to the citations received by the ZZZZ paper was very high, a subjective judgement made by observation.  'Same' meant that the numbers of citations received by the two papers were close, not necessarily identical.  Typically, citations received by a few of the other related papers would be examined to ascertain the approximate range of citations, and then judgements about the significance of the differences in citation numbers would be made.  Obviously, in a definitive or final study of this nature, there would need to be people involved who could judge if in fact themes were closely related, and there would need to be citation distribution studies of related papers to obtain a more quantitative basis for judging significance of differences.

The population of the five bands was as follows: 12(VH); 9(H); 14(S); 4(L); 1(VL), for a total of 40 pairs where the citations could be compared.  While the mode is in the S band, the median is in the H band.  Since half the papers in the database had a CAP of zero, all other things being equal one would expect six papers in the VH band to have a CAP of zero.  In actuality, nine papers in the VH band had a CAP of zero.  Thus, those papers with a VH figure of merit tended to have more ZZZZ lead authors than one would expect from the database overall average.  

There were seven prolific ZZZZ authors, each of whom participated in three or more papers.  The population of the five bands for these seven prolific authors was: 1(VH); 5(H); 9(S); 3(L); 0(VL).  Compared to the overall 1993 database, where 52.5% of the ZZZZ papers were in the VH or H bands, these seven authors had 33% of papers in the VH and H bands.  Also, for these seven authors, the average CAP was .6, the median CAP was 0.8, and the mode CAP was 1.  For the 1993 database, the parallel numbers were .43 (av), 0/.5 (med), 0 (mode).  Thus, while the more prolific authors had better relative citeability than the database average, these authors were closer to the end of the author listing than the database average.

iii.  Discussion

The highlights of this author position study are:

* The preponderance of 1997 papers that include an ZZZZ author address have multiple authors, and the ZZZZ author is usually at the end of this list.  The typical paper in this database had about three authors, with the ZZZZ author being last.  

* In 1993, the ZZZZ authors were contributing significantly more to papers (as measured by their ordinal position in the authors list) than in 1997.  The typical paper in the 1993 database had about three authors, with the ZZZZ author being second.

* Those papers with a VH figure of merit tended to have more ZZZZ lead authors than one would expect from the database overall average.

* While the more prolific ZZZZ authors in 1993 had better relative citeability than the database average, these authors were closer to the end of the author listing than the database average.

In about half the cases, papers with a ZZZZ author address were cited as well as, or better than, comparable non-ZZZZ address papers.  On the surface, it appears that papers with ZZZZ authors are having a reasonable impact on the technical community.  However, the contribution of the ZZZZ authors to these papers, especially those where the ZZZZ author is listed last, remains unknown.  It would have been useful to compare the number of authors for each paper in the pair; this might have shed some light on whether or not the ZZZZ papers are 'author heavy'.  This was not done because this issue was not recognized until now.

It would also be useful to ascertain why the ZZZZ authors dropped back in their ordinal position in the author list from 1993 to 1997. 

VI. SUMMARY AND CONCLUSIONS

This paper has provided two examples of the application of citation analysis to proposal evaluation.  A number of lessons were learned concerning requirements for high quality citation analysis.  These lessons are summarized as follows.

A.  Since citation counts can vary sharply across sub-disciplines, absolute counts have little meaning, especially in the absence of absolute citation count performance standards.  In order to provide meaning and context of citation counts for performance evaluation in traditional citation analysis, some type of citation count normalization is required.

B.  Three types of reference standards are used traditionally for citation analysis: 1) Reference standards based on prior sub-field classification; 2) Journals as reference standards; 3) Related records as reference standards.  None of the above normalization methods are adequate for precise normalization, since they do not provide sufficient resolution for distinguishing among the lower level sub-fields.  Inability to distinguish precisely among sub-fields translates, in some cases, to substitution of far different magnitude numbers for the normalization base

C.  Selection of papers in the SCI thematically similar to the target paper depends strongly on the study’s purpose and objectives, the mission of the performing organization, the degree of focus of the paper’s theme, the size of the research paper pool from which to choose, and the level of technical description in the paper’s SCI Abstract.  The relation to study purpose is especially important, and is often overlooked.  If the focus is on ‘job right’ quality, then the thematically similar papers will be limited to a very narrow area of inquiry.  If the focus is on ‘right job’ quality, then the focus of thematically related papers can be expanded greatly.  The practical implications of ‘job right’ vs ‘right job’ comparisons are that papers with substantially higher citation counts could be included in the normalization pool as the allowed definition of thematic similarity becomes broadened.

D.  Selection of papers thematically similar to the target paper was very difficult, time-consuming, and subjective.  This was especially true for the broad-based analyses.  The selection was more straightforward for the much more limited specific technology papers, since these more focused areas seemed to have many researchers working related problems.  The subjectivity involved in selecting thematically similar papers is a major source of uncertainty of the results.  A rigorous study, in addition to having the rigorous information retrieval and statistical sampling processes mentioned in the next two paragraphs, requires the use of multiple evaluators for the same target papers to average out bias.  

E.  Many of the applied research target papers combined analytical technique advancement with novel application advancement.  It was not always possible to have thematic similarity for both technique and application, especially in those research areas with relatively few performers.  Typically, a choice had to be made between technique and application for determining thematic similarity.  

F.  Two important issues were i) determining the number of thematically similar candidate papers in the pool from which to choose, and then ii) determining the number of papers to select from the pool.  First, in a credible study, candidate thematically similar papers would be identified by the most rigorous processes available, and such processes are presently very complex and time-consuming. Second, the number of papers to select from the candidate pool should have the greatest thematic similarity, and be representative statistically.  Such selection would have required poring over hundreds, or thousands, of similar papers, and selecting a substantial number of the most representative thematically. 

G. Contrary to much popular thinking, the technical expertise of the citation analyst can have a major impact on the quality of the results. The type of pair-wise comparison required for credible citation studies is a highly subjective process, requiring the selection of a thematically similar normalization base.  If the analyst understands the subject matter, the subjective judgements made will be reasonably accurate.  If the analyst is not a technical expert in the subject area, the results will contain a high degree of uncertainty.  Thus, in a rigorous citation analysis, multiple technical experts are necessary to average out individual bias and subjectivity, and much manually intensive effort is required for the normalization process. 

Operationally, the above results suggest that a credible citation analysis for determining performer or team quality should have the following components:

*Multiple technical experts to average out individual bias and subjectivity

*A process for comparing performer or team output papers with a normalization base of similar papers

*A process for retrieving a substantial fraction of candidate normalization base papers 

*Manual evaluation of many candidate normalization base papers to obtain high thematic similarity and statistical representation 

Since the use of citation analysis as one metric for determining research performer or team quality is substantially under-utilized in government and industry at present, the addition of the above requirements to the citation analysis process would only serve to reduce its utilization further.  Pragmatically, tradeoffs are required if citation analysis is to be used as an evaluative tool.  The degradation in citation analysis quality as the above conditions are relaxed needs to be studied further. 
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APPENDIX 1 – CITATION MINING

Citation Mining , the synergistic combination of citation bibliometrics and text mining, is another approach to accounting for the myriad direct and indirect impacts of fundamental research.  Citation Mining starts with a group of core papers whose impact is to be examined, retrieves the papers that cite these core papers, then analyzes the bibliometrics characteristics of the citing papers as well as their linguistic and thematic characteristics. 

A proof-of-principle demonstration of Citation Mining was performed on the fundamental Physics research area of vibrating sand-pile dynamics, as well as the more applied area of photo-voltaics research [Del Rio, 2000].  The Science Citation Index was used as the source database for the core and citing papers, since its citation-based structure allows citation studies to be performed easily.  

Bibliometric profiling was performed over a number of the citing papers’ record fields to offer different perspectives on the citing (user) community.  Text mining was performed on the aggregate citing papers, to identify aggregate citing community themes, and to identify extra-discipline and applications themes.

The photo-voltaics applied research papers had on the order of hundreds of citations in aggregate.  All of the citing papers ranged from applied research to applications, and their main themes were fully aligned with those of the aggregate cited papers.  This is typically the case with applied research.  While the authors of the cited papers were not asked whether the documented citing audience was the desired target audience, it appeared to the study authors that the documented audience reached was the audience desired from a thematic perspective.

One of the sand-pile dynamics basic research papers examined had on the order of 300 citations.  Most of its citing papers were basic research whose main themes were aligned with those of the cited paper.  This is typically the case with basic research.  However, about twenty percent of the citing papers were research or development in other disciplines, or development within the same discipline.

Technical phrases in all 300 citing paper Abstracts were extracted using text mining software, and correlated with citing paper Abstract themes obtained by reading all 300 Abstracts.  All of the citing paper Abstract themes that were not basic research and/ or were not aligned with the main themes of the cited paper had been previously identified using the text mining alone.  

The citing papers representing categories of development and disciplines aligned and non-aligned with those of the cited paper are shown in the matrix of Figure A1.  

FIGURE A1 – DEVELOPMENT CATEGORY AND CITED PAPER THEME ALIGNMENT OF CITING PAPERS
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In Figure A1, the abscissa represents time. The ordinate, in the second column from the left, is a two-character tensor quantity.  The first number represents the level of development characterized by the citing paper (1=basic research; 2=applied research; 3=advanced development/ applications), and the second number represents the degree of alignment between the main themes of the citing and cited papers (1=strong alignment; 2=partial alignment; 3=little alignment).  Each matrix element represents the number of citing papers in each of the nine categories.

There are three interesting features on Figure A1.  First, the tail of total annual citation counts is very long, and shows little sign of abating.  This is one characteristic feature of a seminal paper.

Second, the fraction of extra-discipline basic research citing papers to total citing papers ranges from about 15-25% annually, with no latency period evident.  This lag-free extra-disciplinary diffusion may have been due to the combination of intrinsic broad-based applicability of the subject matter and publication of the paper in a high-circulation science journal with very broad-based readership. 

Third, there was a four-year latency period before the higher development category citing papers began to emerge.  This correlates with the results from the bibliometrics component.  From the present study, it is not possible to differentiate the reasons for this important result.  The latency could have been due to the inability of the technology community to immediately recognize the potential applications of the science.    Or, it could have been due to the information remaining in the basic research journals, and not reaching the applications community.  Or, the time that an application needs to be developed in this discipline is of the order of four years. Thus, the basic science publication feature that may have contributed heavily to extra-discipline citations may also have limited higher development category citations for the latency period. 

It was concluded that the combination of citation bibliometrics and text mining provides a synergy unavailable with each approach taken independently.  Furthermore, text mining is a REQUIREMENT for a feasible comprehensive research impact determination.  The integrated multi-generation citation analysis required for broad research impact determination of highly cited papers will produce thousands or tens or hundreds of thousands of citing paper Abstracts.  Text mining allows the impacts of research on advanced development categories and/ or extra-discipline categories to be obtained without having to read all these citing paper Abstracts.  The multi-field bibliometrics provide multiple documented perspectives on the users of the research, and indicate whether the documented audience reached is the desired target audience.

Finally, there was a very important message that emerged from the results of the Citation Mining study relative to the sponsorship of basic research.  Over the past decade, the trend in industry and government has been toward requirements-driven research (e.g., the term ‘strategic research’ is becoming used more widely in government agencies, and corporately-funded industrial research has strongly evolved into profit-center sponsored research).  While this may be beneficial to the sponsoring organization from a short-term tactical perspective, the long-term strategic perspective may suffer.  Would fundamental sand-pile research receive funding from Tokamak, air traffic control, or materials programs, even though sand-pile research could impact these or many other types of applications, as shown in the Citation Mining paper?  It is necessary to stress that sponsorship of some unfettered fundamental research must be protected, for the strategic long-term benefits on global technology and applications!
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		FIGURE 3 - CITATION AND FIGURE OF MERIT DATA
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																						CIT

		1		4		1		3		3		23		9.6666666667		0.2926829268		3		0.5714285714		11.5470053838		-0.4907477288

		2		2		1		9		7		21		12.3333333333		0.1395348837		9		0.1818181818		7.5718777944		-1.3646989048

		3		0
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		30		2		2		3		3		13		6.3333333333		0.24		3		0.4		5.7735026919		-0.7505553499

		31		1		1		2		4		5		3.6666666667		0.2142857143		4		0.2		1.5275252317		-1.7457431219

		32		0

		33		6		6		13		26		3		14		0.3		13		0.3157894737		11.5325625947		-0.6936879756

		34		0		2		2		4				3		0		3		0		1.4142135624		-2.1213203436

		35		3		1		2		5		16		7.6666666667		0.28125		5		0.375		7.3711147958		-0.6331018843

		36		0				2		7		1		3.3333333333		0		2		0		3.2145502537		-1.0369516947

		37		2		1		5		22		4		10.3333333333		0.1621621622		5		0.2857142857		10.115993937		-0.8237780079

		38		4		1		5		3		14		7.3333333333		0.3529411765		5		0.4444444444		5.8594652771		-0.568880124

				115		74		197		200		252				0.2970865797				0.323568642				-0.978326914





CIT-COMP

		PAPER#		TITLE		YEAR		PAPER1		PAPER2		PAPER3		PAP		SELF		PAPER1		PAPER2		PAPER3		MEAN				MEDIAN				STD DEV

								YEAR		YEAR		YEAR		CITES		CITES		CITES		CITES		CITES		CITES		FOM1		CITES		FOM2		CITES		FOM3

		1		YYYY		1996		1996		1996		1996		4		1		3		3		23		9.6666666667		0.2926829268		3		0.5714285714		11.5470053838		-0.4907477288

		2		YYYY		1996		1996		1996		1996		2		1		9		7		21		12.3333333333		0.1395348837		9		0.1818181818		7.5718777944		-1.3646989048

		3		YYYY		1996								0

		4		YYYY		1996		1996		1997		1997		0				5		1		2		2.6666666667		0		2		0		2.0816659995		-1.2810252304

		5		YYYY		1996		1996		1996		1996		0				5		6		9		6.6666666667		0		6		0		2.0816659995		-3.2025630761

		6		YYYY		1996		1996		1996		1998		3		2		3		4		4		3.6666666667		0.45		4		0.4285714286		0.5773502692		-1.1547005384

		7		YYYY		1996		1996		1996		1996		0				11		14		4		9.6666666667		0		11		0		5.1316014394		-1.8837524271

		8		YYYY		1996		1996		1997		1997		1		1		1		3		2		2		0.3333333333		2		0.3333333333		1		-1

		9		YYYY		1996		1996		1997		1996		6		3		3		7		5		5		0.5454545455		5		0.5454545455		2		0.5

		10		YYYY		1996		1996		1997		1996		5		0		2		5		16		7.6666666667		0.3947368421		5		0.5		7.3711147958		-0.3617725053

		11		YYYY		1996		1996		1997		1997		5		3		5		2		14		7		0.4166666667		5		0.5		6.2449979984		-0.3202563076

		12		YYYY		1996		1997		1996		1996		2		2		3		3		2		2.6666666667		0.4285714286		3		0.4		0.5773502692		-1.1547005384

		13		YYYY		1996		1996		1997		1996		1		0		4		4		5		4.3333333333		0.1875		4		0.2		0.5773502692		-5.7735026919

		14		YYYY		1996		1996		1996		1996		5		2		6		4		9		6.3333333333		0.4411764706		6		0.4545454545		2.5166114784		-0.5298129428

		15		YYYY		1996		1996		1997		1996		7		4		15		5		12		10.6666666667		0.3962264151		12		0.3684210526		5.1316014394		-0.7145267827

		16		YYYY		1996		1996		1996		1996		5		5		3		7		1		3.6666666667		0.5769230769		3		0.625		3.0550504633		0.4364357805

		17		YYYY		1996		1996		1996		1996		4		4		8		4		6		6		0.4		6		0.4		2		-1

		18		YYYY		1996		1996		1996		1997		9		4		38		2		13		17.6666666667		0.3375		13		0.4090909091		18.4481254694		-0.4697857612

		19		YYYY		1996		1997		1996		1996		4		2		3		7		7		5.6666666667		0.4137931034		7		0.3636363636		2.3094010768		-0.7216878365

		20		YYYY		1996		1996		1996		1996		2		1		2		6		8		5.3333333333		0.2727272727		6		0.25		3.0550504633		-1.0910894512

		21		YYYY		1996		1996		1997		1996		0		0		2		5		16		7.6666666667		0		5		0		7.3711147958		-1.0400959528

		22		YYYY		1996		1996		1996		1996		1		1		13		8		9		10		0.0909090909		9		0.1		2.6457513111		-3.4016802571

		23		YYYY		1996		1996		1997		1997		24		20		5		2		7		4.6666666667		0.8372093023		5		0.8275862069		2.5166114784		7.682287671

		24		YYYY		1996		1996		1997		1997		4		0		4		22		8		11.3333333333		0.2608695652		8		0.3333333333		9.4516312525		-0.7758801774

		25		YYYY										0

		26		YYYY										0

		27		YYYY		1996		1996		1996		1996		3		0		11		14		2		9		0.25		11		0.2142857143		6.2449979984		-0.9607689228

		28		YYYY		1996		1997		1996		1996		2		2		3		3		4		3.3333333333		0.375		3		0.4		0.5773502692		-2.3094010768

		29		YYYY		1996		1996		1997		1997		4		4		8		10		6		8		0.3333333333		8		0.3333333333		2		-2

		30		YYYY		1996		1996		1996		1996		2		2		3		3		13		6.3333333333		0.24		3		0.4		5.7735026919		-0.7505553499

		31		YYYY		1996		1996		1996		1997		1		1		2		4		5		3.6666666667		0.2142857143		4		0.2		1.5275252317		-1.7457431219

		32		YYYY		1996								0

		33		YYYY		1996		1996		1996		1996		6		6		13		26		3		14		0.3		13		0.3157894737		11.5325625947		-0.6936879756

		34		YYYY		1995		1997		1995		1995		0		2		2		4				3		0		3		0		1.4142135624		-2.1213203436

		35		YYYY		1996		1996		1997		1996		3		1		2		5		16		7.6666666667		0.28125		5		0.375		7.3711147958		-0.6331018843

		36		YYYY		1996		1996		1996		1996		0				2		7		1		3.3333333333		0		2		0		3.2145502537		-1.0369516947

		37		YYYY		1996		1996		1996		1997		2		1		5		22		4		10.3333333333		0.1621621622		5		0.2857142857		10.115993937		-0.8237780079

		38		YYYY		1996		1996		1996		1996		4		1		5		3		14		7.3333333333		0.3529411765		5		0.4444444444		5.8594652771		-0.568880124

														115		74		197		200		252				0.2970865797				0.323568642				-0.978326914
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FIGURE_3

		FIGURE 3 - CITATION AND FIGURE OF MERIT DATA

		A		B		C		D		E		F		G		H		I		J		K		L

		REC#		PAP		SELF		PAP1		PAP2		PAP3		AVER				MED				STD

				CIT		CIT		CIT		CIT		CIT		CIT		FOM1		CITES		FOM2		DEV		FOM3

																						CIT

		1		4		1		3		3		23		9.6666666667		0.2926829268		3		0.5714285714		11.5470053838		-0.4907477288

		2		2		1		9		7		21		12.3333333333		0.1395348837		9		0.1818181818		7.5718777944		-1.3646989048

		3		0

		4		0				5		1		2		2.6666666667		0		2		0		2.0816659995		-1.2810252304

		5		0				5		6		9		6.6666666667		0		6		0		2.0816659995		-3.2025630761

		6		3		2		3		4		4		3.6666666667		0.45		4		0.4285714286		0.5773502692		-1.1547005384

		7		0				11		14		4		9.6666666667		0		11		0		5.1316014394		-1.8837524271

		8		1		1		1		3		2		2		0.3333333333		2		0.3333333333		1		-1

		9		6		3		3		7		5		5		0.5454545455		5		0.5454545455		2		0.5

		10		5		0		2		5		16		7.6666666667		0.3947368421		5		0.5		7.3711147958		-0.3617725053

		11		5		3		5		2		14		7		0.4166666667		5		0.5		6.2449979984		-0.3202563076

		12		2		2		3		3		2		2.6666666667		0.4285714286		3		0.4		0.5773502692		-1.1547005384

		13		1		0		4		4		5		4.3333333333		0.1875		4		0.2		0.5773502692		-5.7735026919

		14		5		2		6		4		9		6.3333333333		0.4411764706		6		0.4545454545		2.5166114784		-0.5298129428

		15		7		4		15		5		12		10.6666666667		0.3962264151		12		0.3684210526		5.1316014394		-0.7145267827

		16		5		5		3		7		1		3.6666666667		0.5769230769		3		0.625		3.0550504633		0.4364357805

		17		4		4		8		4		6		6		0.4		6		0.4		2		-1

		18		9		4		38		2		13		17.6666666667		0.3375		13		0.4090909091		18.4481254694		-0.4697857612

		19		4		2		3		7		7		5.6666666667		0.4137931034		7		0.3636363636		2.3094010768		-0.7216878365

		20		2		1		2		6		8		5.3333333333		0.2727272727		6		0.25		3.0550504633		-1.0910894512

		21		0		0		2		5		16		7.6666666667		0		5		0		7.3711147958		-1.0400959528

		22		1		1		13		8		9		10		0.0909090909		9		0.1		2.6457513111		-3.4016802571

		23		24		20		5		2		7		4.6666666667		0.8372093023		5		0.8275862069		2.5166114784		7.682287671

		24		4		0		4		22		8		11.3333333333		0.2608695652		8		0.3333333333		9.4516312525		-0.7758801774

		25		0

		26		0

		27		3		0		11		14		2		9		0.25		11		0.2142857143		6.2449979984		-0.9607689228

		28		2		2		3		3		4		3.3333333333		0.375		3		0.4		0.5773502692		-2.3094010768

		29		4		4		8		10		6		8		0.3333333333		8		0.3333333333		2		-2

		30		2		2		3		3		13		6.3333333333		0.24		3		0.4		5.7735026919		-0.7505553499

		31		1		1		2		4		5		3.6666666667		0.2142857143		4		0.2		1.5275252317		-1.7457431219

		32		0

		33		6		6		13		26		3		14		0.3		13		0.3157894737		11.5325625947		-0.6936879756

		34		0		2		2		4				3		0		3		0		1.4142135624		-2.1213203436

		35		3		1		2		5		16		7.6666666667		0.28125		5		0.375		7.3711147958		-0.6331018843

		36		0				2		7		1		3.3333333333		0		2		0		3.2145502537		-1.0369516947

		37		2		1		5		22		4		10.3333333333		0.1621621622		5		0.2857142857		10.115993937		-0.8237780079

		38		4		1		5		3		14		7.3333333333		0.3529411765		5		0.4444444444		5.8594652771		-0.568880124

				115		74		197		200		252				0.2970865797				0.323568642				-0.978326914





CIT-COMP

		PAPER#		TITLE		YEAR		PAPER1		PAPER2		PAPER3		PAP		SELF		PAPER1		PAPER2		PAPER3		MEAN				MEDIAN				STD DEV

								YEAR		YEAR		YEAR		CITES		CITES		CITES		CITES		CITES		CITES		FOM1		CITES		FOM2		CITES		FOM3

		1		YYYY		1996		1996		1996		1996		4		1		3		3		23		9.6666666667		0.2926829268		3		0.5714285714		11.5470053838		-0.4907477288

		2		YYYY		1996		1996		1996		1996		2		1		9		7		21		12.3333333333		0.1395348837		9		0.1818181818		7.5718777944		-1.3646989048

		3		YYYY		1996								0

		4		YYYY		1996		1996		1997		1997		0				5		1		2		2.6666666667		0		2		0		2.0816659995		-1.2810252304

		5		YYYY		1996		1996		1996		1996		0				5		6		9		6.6666666667		0		6		0		2.0816659995		-3.2025630761

		6		YYYY		1996		1996		1996		1998		3		2		3		4		4		3.6666666667		0.45		4		0.4285714286		0.5773502692		-1.1547005384

		7		YYYY		1996		1996		1996		1996		0				11		14		4		9.6666666667		0		11		0		5.1316014394		-1.8837524271

		8		YYYY		1996		1996		1997		1997		1		1		1		3		2		2		0.3333333333		2		0.3333333333		1		-1

		9		YYYY		1996		1996		1997		1996		6		3		3		7		5		5		0.5454545455		5		0.5454545455		2		0.5

		10		YYYY		1996		1996		1997		1996		5		0		2		5		16		7.6666666667		0.3947368421		5		0.5		7.3711147958		-0.3617725053

		11		YYYY		1996		1996		1997		1997		5		3		5		2		14		7		0.4166666667		5		0.5		6.2449979984		-0.3202563076

		12		YYYY		1996		1997		1996		1996		2		2		3		3		2		2.6666666667		0.4285714286		3		0.4		0.5773502692		-1.1547005384

		13		YYYY		1996		1996		1997		1996		1		0		4		4		5		4.3333333333		0.1875		4		0.2		0.5773502692		-5.7735026919

		14		YYYY		1996		1996		1996		1996		5		2		6		4		9		6.3333333333		0.4411764706		6		0.4545454545		2.5166114784		-0.5298129428

		15		YYYY		1996		1996		1997		1996		7		4		15		5		12		10.6666666667		0.3962264151		12		0.3684210526		5.1316014394		-0.7145267827

		16		YYYY		1996		1996		1996		1996		5		5		3		7		1		3.6666666667		0.5769230769		3		0.625		3.0550504633		0.4364357805

		17		YYYY		1996		1996		1996		1996		4		4		8		4		6		6		0.4		6		0.4		2		-1

		18		YYYY		1996		1996		1996		1997		9		4		38		2		13		17.6666666667		0.3375		13		0.4090909091		18.4481254694		-0.4697857612

		19		YYYY		1996		1997		1996		1996		4		2		3		7		7		5.6666666667		0.4137931034		7		0.3636363636		2.3094010768		-0.7216878365

		20		YYYY		1996		1996		1996		1996		2		1		2		6		8		5.3333333333		0.2727272727		6		0.25		3.0550504633		-1.0910894512

		21		YYYY		1996		1996		1997		1996		0		0		2		5		16		7.6666666667		0		5		0		7.3711147958		-1.0400959528

		22		YYYY		1996		1996		1996		1996		1		1		13		8		9		10		0.0909090909		9		0.1		2.6457513111		-3.4016802571

		23		YYYY		1996		1996		1997		1997		24		20		5		2		7		4.6666666667		0.8372093023		5		0.8275862069		2.5166114784		7.682287671

		24		YYYY		1996		1996		1997		1997		4		0		4		22		8		11.3333333333		0.2608695652		8		0.3333333333		9.4516312525		-0.7758801774

		25		YYYY										0

		26		YYYY										0

		27		YYYY		1996		1996		1996		1996		3		0		11		14		2		9		0.25		11		0.2142857143		6.2449979984		-0.9607689228

		28		YYYY		1996		1997		1996		1996		2		2		3		3		4		3.3333333333		0.375		3		0.4		0.5773502692		-2.3094010768

		29		YYYY		1996		1996		1997		1997		4		4		8		10		6		8		0.3333333333		8		0.3333333333		2		-2

		30		YYYY		1996		1996		1996		1996		2		2		3		3		13		6.3333333333		0.24		3		0.4		5.7735026919		-0.7505553499

		31		YYYY		1996		1996		1996		1997		1		1		2		4		5		3.6666666667		0.2142857143		4		0.2		1.5275252317		-1.7457431219

		32		YYYY		1996								0

		33		YYYY		1996		1996		1996		1996		6		6		13		26		3		14		0.3		13		0.3157894737		11.5325625947		-0.6936879756

		34		YYYY		1995		1997		1995		1995		0		2		2		4				3		0		3		0		1.4142135624		-2.1213203436

		35		YYYY		1996		1996		1997		1996		3		1		2		5		16		7.6666666667		0.28125		5		0.375		7.3711147958		-0.6331018843

		36		YYYY		1996		1996		1996		1996		0				2		7		1		3.3333333333		0		2		0		3.2145502537		-1.0369516947

		37		YYYY		1996		1996		1996		1997		2		1		5		22		4		10.3333333333		0.1621621622		5		0.2857142857		10.115993937		-0.8237780079

		38		YYYY		1996		1996		1996		1996		4		1		5		3		14		7.3333333333		0.3529411765		5		0.4444444444		5.8594652771		-0.568880124

														115		74		197		200		252				0.2970865797				0.323568642				-0.978326914
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FIGURE_3

		FIGURE 3 - CITATION AND FIGURE OF MERIT DATA

		A		B		C		D		E		F		G		H		I		J		K		L

		REC#		PAP		SELF		PAP1		PAP2		PAP3		AVER				MED				STD

				CIT		CIT		CIT		CIT		CIT		CIT		FOM1		CITES		FOM2		DEV		FOM3

																						CIT

		1		4		1		3		3		23		9.6666666667		0.2926829268		3		0.5714285714		11.5470053838		-0.4907477288

		2		2		1		9		7		21		12.3333333333		0.1395348837		9		0.1818181818		7.5718777944		-1.3646989048

		3		0

		4		0				5		1		2		2.6666666667		0		2		0		2.0816659995		-1.2810252304

		5		0				5		6		9		6.6666666667		0		6		0		2.0816659995		-3.2025630761

		6		3		2		3		4		4		3.6666666667		0.45		4		0.4285714286		0.5773502692		-1.1547005384

		7		0				11		14		4		9.6666666667		0		11		0		5.1316014394		-1.8837524271

		8		1		1		1		3		2		2		0.3333333333		2		0.3333333333		1		-1

		9		6		3		3		7		5		5		0.5454545455		5		0.5454545455		2		0.5

		10		5		0		2		5		16		7.6666666667		0.3947368421		5		0.5		7.3711147958		-0.3617725053

		11		5		3		5		2		14		7		0.4166666667		5		0.5		6.2449979984		-0.3202563076

		12		2		2		3		3		2		2.6666666667		0.4285714286		3		0.4		0.5773502692		-1.1547005384

		13		1		0		4		4		5		4.3333333333		0.1875		4		0.2		0.5773502692		-5.7735026919

		14		5		2		6		4		9		6.3333333333		0.4411764706		6		0.4545454545		2.5166114784		-0.5298129428

		15		7		4		15		5		12		10.6666666667		0.3962264151		12		0.3684210526		5.1316014394		-0.7145267827

		16		5		5		3		7		1		3.6666666667		0.5769230769		3		0.625		3.0550504633		0.4364357805

		17		4		4		8		4		6		6		0.4		6		0.4		2		-1

		18		9		4		38		2		13		17.6666666667		0.3375		13		0.4090909091		18.4481254694		-0.4697857612

		19		4		2		3		7		7		5.6666666667		0.4137931034		7		0.3636363636		2.3094010768		-0.7216878365

		20		2		1		2		6		8		5.3333333333		0.2727272727		6		0.25		3.0550504633		-1.0910894512

		21		0		0		2		5		16		7.6666666667		0		5		0		7.3711147958		-1.0400959528

		22		1		1		13		8		9		10		0.0909090909		9		0.1		2.6457513111		-3.4016802571

		23		24		20		5		2		7		4.6666666667		0.8372093023		5		0.8275862069		2.5166114784		7.682287671

		24		4		0		4		22		8		11.3333333333		0.2608695652		8		0.3333333333		9.4516312525		-0.7758801774

		25		0

		26		0

		27		3		0		11		14		2		9		0.25		11		0.2142857143		6.2449979984		-0.9607689228

		28		2		2		3		3		4		3.3333333333		0.375		3		0.4		0.5773502692		-2.3094010768

		29		4		4		8		10		6		8		0.3333333333		8		0.3333333333		2		-2

		30		2		2		3		3		13		6.3333333333		0.24		3		0.4		5.7735026919		-0.7505553499

		31		1		1		2		4		5		3.6666666667		0.2142857143		4		0.2		1.5275252317		-1.7457431219

		32		0

		33		6		6		13		26		3		14		0.3		13		0.3157894737		11.5325625947		-0.6936879756

		34		0		2		2		4				3		0		3		0		1.4142135624		-2.1213203436

		35		3		1		2		5		16		7.6666666667		0.28125		5		0.375		7.3711147958		-0.6331018843

		36		0				2		7		1		3.3333333333		0		2		0		3.2145502537		-1.0369516947

		37		2		1		5		22		4		10.3333333333		0.1621621622		5		0.2857142857		10.115993937		-0.8237780079

		38		4		1		5		3		14		7.3333333333		0.3529411765		5		0.4444444444		5.8594652771		-0.568880124

				115		74		197		200		252				0.2970865797				0.323568642				-0.978326914





CIT-COMP

		PAPER#		TITLE		YEAR		PAPER1		PAPER2		PAPER3		PAP		SELF		PAPER1		PAPER2		PAPER3		MEAN				MEDIAN				STD DEV

								YEAR		YEAR		YEAR		CITES		CITES		CITES		CITES		CITES		CITES		FOM1		CITES		FOM2		CITES		FOM3

		1		YYYY		1996		1996		1996		1996		4		1		3		3		23		9.6666666667		0.2926829268		3		0.5714285714		11.5470053838		-0.4907477288

		2		YYYY		1996		1996		1996		1996		2		1		9		7		21		12.3333333333		0.1395348837		9		0.1818181818		7.5718777944		-1.3646989048

		3		YYYY		1996								0

		4		YYYY		1996		1996		1997		1997		0				5		1		2		2.6666666667		0		2		0		2.0816659995		-1.2810252304

		5		YYYY		1996		1996		1996		1996		0				5		6		9		6.6666666667		0		6		0		2.0816659995		-3.2025630761

		6		YYYY		1996		1996		1996		1998		3		2		3		4		4		3.6666666667		0.45		4		0.4285714286		0.5773502692		-1.1547005384

		7		YYYY		1996		1996		1996		1996		0				11		14		4		9.6666666667		0		11		0		5.1316014394		-1.8837524271

		8		YYYY		1996		1996		1997		1997		1		1		1		3		2		2		0.3333333333		2		0.3333333333		1		-1

		9		YYYY		1996		1996		1997		1996		6		3		3		7		5		5		0.5454545455		5		0.5454545455		2		0.5

		10		YYYY		1996		1996		1997		1996		5		0		2		5		16		7.6666666667		0.3947368421		5		0.5		7.3711147958		-0.3617725053

		11		YYYY		1996		1996		1997		1997		5		3		5		2		14		7		0.4166666667		5		0.5		6.2449979984		-0.3202563076

		12		YYYY		1996		1997		1996		1996		2		2		3		3		2		2.6666666667		0.4285714286		3		0.4		0.5773502692		-1.1547005384

		13		YYYY		1996		1996		1997		1996		1		0		4		4		5		4.3333333333		0.1875		4		0.2		0.5773502692		-5.7735026919

		14		YYYY		1996		1996		1996		1996		5		2		6		4		9		6.3333333333		0.4411764706		6		0.4545454545		2.5166114784		-0.5298129428

		15		YYYY		1996		1996		1997		1996		7		4		15		5		12		10.6666666667		0.3962264151		12		0.3684210526		5.1316014394		-0.7145267827

		16		YYYY		1996		1996		1996		1996		5		5		3		7		1		3.6666666667		0.5769230769		3		0.625		3.0550504633		0.4364357805

		17		YYYY		1996		1996		1996		1996		4		4		8		4		6		6		0.4		6		0.4		2		-1

		18		YYYY		1996		1996		1996		1997		9		4		38		2		13		17.6666666667		0.3375		13		0.4090909091		18.4481254694		-0.4697857612

		19		YYYY		1996		1997		1996		1996		4		2		3		7		7		5.6666666667		0.4137931034		7		0.3636363636		2.3094010768		-0.7216878365

		20		YYYY		1996		1996		1996		1996		2		1		2		6		8		5.3333333333		0.2727272727		6		0.25		3.0550504633		-1.0910894512

		21		YYYY		1996		1996		1997		1996		0		0		2		5		16		7.6666666667		0		5		0		7.3711147958		-1.0400959528

		22		YYYY		1996		1996		1996		1996		1		1		13		8		9		10		0.0909090909		9		0.1		2.6457513111		-3.4016802571

		23		YYYY		1996		1996		1997		1997		24		20		5		2		7		4.6666666667		0.8372093023		5		0.8275862069		2.5166114784		7.682287671

		24		YYYY		1996		1996		1997		1997		4		0		4		22		8		11.3333333333		0.2608695652		8		0.3333333333		9.4516312525		-0.7758801774

		25		YYYY										0

		26		YYYY										0

		27		YYYY		1996		1996		1996		1996		3		0		11		14		2		9		0.25		11		0.2142857143		6.2449979984		-0.9607689228

		28		YYYY		1996		1997		1996		1996		2		2		3		3		4		3.3333333333		0.375		3		0.4		0.5773502692		-2.3094010768

		29		YYYY		1996		1996		1997		1997		4		4		8		10		6		8		0.3333333333		8		0.3333333333		2		-2

		30		YYYY		1996		1996		1996		1996		2		2		3		3		13		6.3333333333		0.24		3		0.4		5.7735026919		-0.7505553499

		31		YYYY		1996		1996		1996		1997		1		1		2		4		5		3.6666666667		0.2142857143		4		0.2		1.5275252317		-1.7457431219

		32		YYYY		1996								0

		33		YYYY		1996		1996		1996		1996		6		6		13		26		3		14		0.3		13		0.3157894737		11.5325625947		-0.6936879756

		34		YYYY		1995		1997		1995		1995		0		2		2		4				3		0		3		0		1.4142135624		-2.1213203436

		35		YYYY		1996		1996		1997		1996		3		1		2		5		16		7.6666666667		0.28125		5		0.375		7.3711147958		-0.6331018843

		36		YYYY		1996		1996		1996		1996		0				2		7		1		3.3333333333		0		2		0		3.2145502537		-1.0369516947

		37		YYYY		1996		1996		1996		1997		2		1		5		22		4		10.3333333333		0.1621621622		5		0.2857142857		10.115993937		-0.8237780079

		38		YYYY		1996		1996		1996		1996		4		1		5		3		14		7.3333333333		0.3529411765		5		0.4444444444		5.8594652771		-0.568880124

														115		74		197		200		252				0.2970865797				0.323568642				-0.978326914
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FIGURE_3

		FIGURE 3 - CITATION AND FIGURE OF MERIT DATA

		A		B		C		D		E		F		G		H		I		J		K		L

		REC#		PAP		SELF		PAP1		PAP2		PAP3		AVER				MED				STD

				CIT		CIT		CIT		CIT		CIT		CIT		FOM1		CITES		FOM2		DEV		FOM3

																						CIT

		1		4		1		3		3		23		9.6666666667		0.2926829268		3		0.5714285714		11.5470053838		-0.4907477288

		2		2		1		9		7		21		12.3333333333		0.1395348837		9		0.1818181818		7.5718777944		-1.3646989048

		3		0

		4		0				5		1		2		2.6666666667		0		2		0		2.0816659995		-1.2810252304

		5		0				5		6		9		6.6666666667		0		6		0		2.0816659995		-3.2025630761

		6		3		2		3		4		4		3.6666666667		0.45		4		0.4285714286		0.5773502692		-1.1547005384

		7		0				11		14		4		9.6666666667		0		11		0		5.1316014394		-1.8837524271

		8		1		1		1		3		2		2		0.3333333333		2		0.3333333333		1		-1

		9		6		3		3		7		5		5		0.5454545455		5		0.5454545455		2		0.5

		10		5		0		2		5		16		7.6666666667		0.3947368421		5		0.5		7.3711147958		-0.3617725053

		11		5		3		5		2		14		7		0.4166666667		5		0.5		6.2449979984		-0.3202563076

		12		2		2		3		3		2		2.6666666667		0.4285714286		3		0.4		0.5773502692		-1.1547005384

		13		1		0		4		4		5		4.3333333333		0.1875		4		0.2		0.5773502692		-5.7735026919

		14		5		2		6		4		9		6.3333333333		0.4411764706		6		0.4545454545		2.5166114784		-0.5298129428

		15		7		4		15		5		12		10.6666666667		0.3962264151		12		0.3684210526		5.1316014394		-0.7145267827

		16		5		5		3		7		1		3.6666666667		0.5769230769		3		0.625		3.0550504633		0.4364357805

		17		4		4		8		4		6		6		0.4		6		0.4		2		-1

		18		9		4		38		2		13		17.6666666667		0.3375		13		0.4090909091		18.4481254694		-0.4697857612

		19		4		2		3		7		7		5.6666666667		0.4137931034		7		0.3636363636		2.3094010768		-0.7216878365

		20		2		1		2		6		8		5.3333333333		0.2727272727		6		0.25		3.0550504633		-1.0910894512

		21		0		0		2		5		16		7.6666666667		0		5		0		7.3711147958		-1.0400959528

		22		1		1		13		8		9		10		0.0909090909		9		0.1		2.6457513111		-3.4016802571

		23		24		20		5		2		7		4.6666666667		0.8372093023		5		0.8275862069		2.5166114784		7.682287671

		24		4		0		4		22		8		11.3333333333		0.2608695652		8		0.3333333333		9.4516312525		-0.7758801774

		25		0

		26		0

		27		3		0		11		14		2		9		0.25		11		0.2142857143		6.2449979984		-0.9607689228

		28		2		2		3		3		4		3.3333333333		0.375		3		0.4		0.5773502692		-2.3094010768

		29		4		4		8		10		6		8		0.3333333333		8		0.3333333333		2		-2

		30		2		2		3		3		13		6.3333333333		0.24		3		0.4		5.7735026919		-0.7505553499

		31		1		1		2		4		5		3.6666666667		0.2142857143		4		0.2		1.5275252317		-1.7457431219

		32		0

		33		6		6		13		26		3		14		0.3		13		0.3157894737		11.5325625947		-0.6936879756

		34		0		2		2		4				3		0		3		0		1.4142135624		-2.1213203436

		35		3		1		2		5		16		7.6666666667		0.28125		5		0.375		7.3711147958		-0.6331018843

		36		0				2		7		1		3.3333333333		0		2		0		3.2145502537		-1.0369516947

		37		2		1		5		22		4		10.3333333333		0.1621621622		5		0.2857142857		10.115993937		-0.8237780079

		38		4		1		5		3		14		7.3333333333		0.3529411765		5		0.4444444444		5.8594652771		-0.568880124

				115		74		197		200		252				0.2970865797				0.323568642				-0.978326914





CIT-COMP

		PAPER#		TITLE		YEAR		PAPER1		PAPER2		PAPER3		PAP		SELF		PAPER1		PAPER2		PAPER3		MEAN				MEDIAN				STD DEV

								YEAR		YEAR		YEAR		CITES		CITES		CITES		CITES		CITES		CITES		FOM1		CITES		FOM2		CITES		FOM3

		1		YYYY		1996		1996		1996		1996		4		1		3		3		23		9.6666666667		0.2926829268		3		0.5714285714		11.5470053838		-0.4907477288

		2		YYYY		1996		1996		1996		1996		2		1		9		7		21		12.3333333333		0.1395348837		9		0.1818181818		7.5718777944		-1.3646989048

		3		YYYY		1996								0

		4		YYYY		1996		1996		1997		1997		0				5		1		2		2.6666666667		0		2		0		2.0816659995		-1.2810252304

		5		YYYY		1996		1996		1996		1996		0				5		6		9		6.6666666667		0		6		0		2.0816659995		-3.2025630761

		6		YYYY		1996		1996		1996		1998		3		2		3		4		4		3.6666666667		0.45		4		0.4285714286		0.5773502692		-1.1547005384

		7		YYYY		1996		1996		1996		1996		0				11		14		4		9.6666666667		0		11		0		5.1316014394		-1.8837524271

		8		YYYY		1996		1996		1997		1997		1		1		1		3		2		2		0.3333333333		2		0.3333333333		1		-1

		9		YYYY		1996		1996		1997		1996		6		3		3		7		5		5		0.5454545455		5		0.5454545455		2		0.5

		10		YYYY		1996		1996		1997		1996		5		0		2		5		16		7.6666666667		0.3947368421		5		0.5		7.3711147958		-0.3617725053

		11		YYYY		1996		1996		1997		1997		5		3		5		2		14		7		0.4166666667		5		0.5		6.2449979984		-0.3202563076

		12		YYYY		1996		1997		1996		1996		2		2		3		3		2		2.6666666667		0.4285714286		3		0.4		0.5773502692		-1.1547005384

		13		YYYY		1996		1996		1997		1996		1		0		4		4		5		4.3333333333		0.1875		4		0.2		0.5773502692		-5.7735026919

		14		YYYY		1996		1996		1996		1996		5		2		6		4		9		6.3333333333		0.4411764706		6		0.4545454545		2.5166114784		-0.5298129428

		15		YYYY		1996		1996		1997		1996		7		4		15		5		12		10.6666666667		0.3962264151		12		0.3684210526		5.1316014394		-0.7145267827

		16		YYYY		1996		1996		1996		1996		5		5		3		7		1		3.6666666667		0.5769230769		3		0.625		3.0550504633		0.4364357805

		17		YYYY		1996		1996		1996		1996		4		4		8		4		6		6		0.4		6		0.4		2		-1

		18		YYYY		1996		1996		1996		1997		9		4		38		2		13		17.6666666667		0.3375		13		0.4090909091		18.4481254694		-0.4697857612

		19		YYYY		1996		1997		1996		1996		4		2		3		7		7		5.6666666667		0.4137931034		7		0.3636363636		2.3094010768		-0.7216878365

		20		YYYY		1996		1996		1996		1996		2		1		2		6		8		5.3333333333		0.2727272727		6		0.25		3.0550504633		-1.0910894512

		21		YYYY		1996		1996		1997		1996		0		0		2		5		16		7.6666666667		0		5		0		7.3711147958		-1.0400959528

		22		YYYY		1996		1996		1996		1996		1		1		13		8		9		10		0.0909090909		9		0.1		2.6457513111		-3.4016802571

		23		YYYY		1996		1996		1997		1997		24		20		5		2		7		4.6666666667		0.8372093023		5		0.8275862069		2.5166114784		7.682287671

		24		YYYY		1996		1996		1997		1997		4		0		4		22		8		11.3333333333		0.2608695652		8		0.3333333333		9.4516312525		-0.7758801774

		25		YYYY										0

		26		YYYY										0

		27		YYYY		1996		1996		1996		1996		3		0		11		14		2		9		0.25		11		0.2142857143		6.2449979984		-0.9607689228

		28		YYYY		1996		1997		1996		1996		2		2		3		3		4		3.3333333333		0.375		3		0.4		0.5773502692		-2.3094010768

		29		YYYY		1996		1996		1997		1997		4		4		8		10		6		8		0.3333333333		8		0.3333333333		2		-2

		30		YYYY		1996		1996		1996		1996		2		2		3		3		13		6.3333333333		0.24		3		0.4		5.7735026919		-0.7505553499

		31		YYYY		1996		1996		1996		1997		1		1		2		4		5		3.6666666667		0.2142857143		4		0.2		1.5275252317		-1.7457431219

		32		YYYY		1996								0

		33		YYYY		1996		1996		1996		1996		6		6		13		26		3		14		0.3		13		0.3157894737		11.5325625947		-0.6936879756

		34		YYYY		1995		1997		1995		1995		0		2		2		4				3		0		3		0		1.4142135624		-2.1213203436

		35		YYYY		1996		1996		1997		1996		3		1		2		5		16		7.6666666667		0.28125		5		0.375		7.3711147958		-0.6331018843

		36		YYYY		1996		1996		1996		1996		0				2		7		1		3.3333333333		0		2		0		3.2145502537		-1.0369516947

		37		YYYY		1996		1996		1996		1997		2		1		5		22		4		10.3333333333		0.1621621622		5		0.2857142857		10.115993937		-0.8237780079

		38		YYYY		1996		1996		1996		1996		4		1		5		3		14		7.3333333333		0.3529411765		5		0.4444444444		5.8594652771		-0.568880124

														115		74		197		200		252				0.2970865797				0.323568642				-0.978326914





1996PAP

		CITATION DISTRIBUTION FUNCTION N(CITES)

		CITES		N(CITES)

		0		10
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		9		1
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		16

		17

		18
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		20
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		22

		23

		24		1

		CITING PAPER DISTRIBUTION

		YEAR		#CITING PAPERS		CUMULATIVE CITING PAPERS

		1996		6		6

		1997		28		34

		1998		25		59

		1999		35		94

		2000		27		121
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		CITATION DISTRIBUTION FUNCTION N(CITES)

		CITES		N(CITES)
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		8		1

		9		0

		10		0
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		12		1

		13		1

		14		1

		15		1

		CITING PAPER DISTRIBUTION

		YEAR		#CITING PAPERS		CUMULATIVE CITING PAPERS

		1993		3		3

		1994		9		12

		1995		15		27

		1996		19		46

		1997		17		63

		1998		19		82

		1999		12		94

		2000		9		103
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