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ABSTRACT

The Science Citation Index allows computation of citation counts for a paper by two different methods.  One approach is the Times Cited field associated with the paper of interest (Pi).  The other is the Cited Reference Search capability.  The Times Cited field essentially counts links between the SCI record of the Pi and the other SCI records that contain references to Pi in their Cited References field.  Any errors in how Pi is referenced in these other SCI records will nullify a link.  The Cited Reference Search capability lists all references for Pi, and groups them by similarity.  One group is those references that have been entered correctly, and have established the link to the Times Cited field.

Citation counts for ten highly cited papers were computed for each method.  The first author’s name, as it appeared in the SCI record of the actual paper, was the only variant used for the experiment.  The Times Cited count averaged about four percent less than the Cited Reference Search.  This appeared due to errors in entering the journal volume, page, or year.  Any errors in entering the first author’s name would exacerbate this under-representation.  From observation, the greatest source of author name error appeared to be in the treatment of the middle initial (exclusion, if the middle initial appeared in the SCI record of the actual paper).

BACKGROUND

A literature citation is a reference to the work of another.  In modern times, the number of literature citations received by a research unit (presented paper(s), published paper(s), patent(s), author(s), group(s), etc) has evolved into one metric for impact of the research unit.  Citations are one factor in making tenure, award, and prize decisions.

Two immediate questions arise relative to citations.

1) How valid are citations as a metric of impact?

2) How reliable are the citation counts obtained?

The first question has been addressed by many authors (e.g., 1-3), and will not be discussed further.  This paper addresses some aspects of the second question.

The focus of this paper arose during the course of text mining (4,5) studies that the author was performing.  The Science Citation Index (SCI) was being used to identify the number of citations received by specific papers in the study.  One of the quantities calculated during the bibliometrics portion of the study was the number of citations received by highly cited papers.  The author noticed differences in the number of times that a paper was cited, depending on the method used to calculate citations.  This paper provides estimates of these differences.

Before proceeding to the analysis, a brief discussion of the meaning of citations will be presented.  A complete tabulation of citations received by a paper would require identification of all documents world-wide that contain the paper as a reference.  This would include all journal papers, all conference papers, and perhaps magazine and newspaper articles as well.  The central problem with obtaining the complete tabulation is the lack of databases that maintain citation information.  To the author’s knowledge, the SCI is the only comprehensive technical database that maintains citation information.  Thus, all the sources excluded by the SCI from its database represent citations that will not be included in the tabulation.  Those journals included in the SCI tend to be a good representation of the major research journals in the world.  Thus, not only is a substantial portion of the technical literature excluded from the tabulation, but the literature that is included is skewed toward the research end of the technical spectrum.  Very applied documents that may be referenced in more trade-oriented, or heavily applications-oriented, literatures will be very under-represented in citations shown in the SCI compared to citations potentially possible from all the literatures.  Thus, the starting point for the present analysis is the truncated segment of the world’s technical literature as represented by the SCI database.

ANALYSIS

Assume the unit of interest for the present analysis is a published document, and it is desired to obtain the number of citations received by this document.  There are two major approaches used by the SCI to compute citations.  

1) Times Cited Field

One of the fields in the SCI is named Times Cited.  In practice, the number displayed for this field is the number of links between the paper of interest (hereafter called cited record) and the other records in the SCI database that contain the cited record in their reference lists.  If the cited record has a very similar format structure and content to a record in a reference list, a link will be established with the citing document, and registered on the Times Cited counter.  If the cited record has format/ content differences with a record in a reference list, then the record in the reference list will not be registered on the Times Cited counter.  The record will appear, however, as a result of the next approach.

2) Cited Reference Search

The second approach used by the SCI to compute citations is the Cited Reference Search capability.  To exercise this capability, the analyst enters Cited Author, Cited Work, Cited Year, to identify citations received by a specific paper.  If all the citations for a specific author are desired for a specific year, then only the first and third entries are made.  If all the citations for a given author are desired over time, then only the first entry is made.

If a specific paper is entered, this capability will display all the citations to the given paper.  These citations can be divided into two groups.  The first group is all those references that are linked to the paper of interest because of the closeness of the format/ contents.  The numbers of links are summed up, and the resultant number of citations highlighted.  The first entry in Figure 1 shows an example for Fenn’s 1989 paper in Science (6).  This is one of the rows that would be displayed when using the Cited Reference Search capability.  In the SCI, the analyst can click on this highlighted row, and the actual SCI record of Fenn’s paper will be retrieved.

FIGURE 1 – CITED REFERENCE SEARCH EXAMPLES

Hits    Cited Author              Cited Work       Volume Page  Year

1606  FENN JB                   SCIENCE         246       64       1989

5        FENN JB                   SCIENCE         264        64       1989

8        FENN JB                   SCIENCE         246        46       1989

12      FENN JB                   SCIENCE         246        64       1985

1612 FEIGENBAUM MJ   J STAT PHYS  19           25       1978

1         FEIGENBAUM JJ    J STAT PHYS   189        25       1978

1         FEIGENBAUM MF  J STAT PHYS   19           24       1978 

The second group is all those references that are not linked to the cited record because of the differences of the format/ contents.  Those non-linked references that are similar to each other are also summed up, but not highlighted.  The second, third, and fourth entries in Figure 1 are examples from the Cited Reference Search of Fenn’s paper.  In the second entry, five references have interchanged the 4 and 6 in the Volume number.  In the third entry, eight references have interchanged the 4 and 6 in the page number, and in the fourth entry, twelve references have the year wrong.  There were no cases where reference was made to J Fenn (middle initial excluded).  

The fifth entry in Figure 1 is an example for MJ Feigenbaum’s 1978 paper in Journal of Statistical Physics (7). In the SCI, the analyst can click on this highlighted row, and the actual SCI record of Feigenbaum’s paper will be retrieved.  The sixth and seventh entries are lines where there were errors in Feigenbaum’s first and middle initials, along with errors in other fields.  In addition, forty references omitted the middle initial J altogether, and were listed as a few separate entries, not linked to the actual paper or highlighted.

Thus, it appears that five quantities have to be correct for a given reference in order for it to be linked to the Times Cited counter: Cited Author, Cited Work, Volume, Page, and Year.  To estimate the number of records that would not be linked to the Times Cited counter due to errors in one or more of the above five quantities would be a monumental task.  The central problem is identification of all possible variants of the first author’s name.  In the following analysis, the first author’s name was extracted verbatim from the cited record, and was the only variant used for estimating the number of records that would not be linked to the Times Cited counter due to entry errors.

Ten highly cited papers were selected for the analysis.  These are papers identified from text mining studies performed by the author over the past few years.  To simplify the data analysis, papers were identified that were the only publications by a given author in a given journal for a specific year.  Table 2 summarizes the results.  The left column is the first author, the middle column is the number of citations shown by the Times Cited field, next column is the number of citations computed from the Cited Reference Search, and the right column is the ratio of the Cited Reference Search citations to the Times Cited citations.

TABLE 2 – CITATION DIFFERENCES IN TEN PAPERS

AUTHOR
# CITES
CIT_REF
RATIO

FENN (6)
1606
1657
1.031756

FEIGENBAUM (7)
1612
1651
1.024194

KARAS (8)


1336
1455
1.089072

WHITEHOUSE (9)
653
660
1.01072

HILLENKAMP (10)


985
1007
1.022335

HUNT (11)


534
557
1.043071

ROE (12)
1334
1413
1.05922

KLINE (13)


771
805
1.044099

CURZON (14)


382
389
1.018325

MANDELBROT (15)


549
577
1.051002






The differences range from about one percent to nine percent, with a weighted average difference of four percent.

CONCLUSIONS AND RECOMMENDATIONS

On average, the Times Cited field in the SCI displays about 96% of the citations that would be obtained by the more detailed Cited Reference Search.  Errors in first author name entries would exacerbate this under-representation, to an unknown degree.  Probably the largest source of author name entry error is the treatment of the middle initial (based on spot checks using last name stemming followed by wildcards), but this statement is not definitive.

For statistical purposes in representing numbers of citations, the Times Cited field is adequate.  For a more accurate representation, the Cited Reference Search would be required.  Using a stem of the author’s name (followed by wildcards) to obtain estimates of the differences due to name entry errors is very time consuming, and does not fully obviate the problem, since it is not known how the error would have impacted any stem selected.  For almost any conceivable application, this additional level of complexity and time would not justify the probable slight increase in citation count accuracy.
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