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Collaboration is a major research policy objective, but does it deliver higher quality research? This study uses citation analysis to examine the Web of Science ‘Information Science & Library Science’ subject category (IS&LS) to ascertain whether, in general, more highly cited articles are more highly collaborative than other articles. It consists of two investigations. The first investigation is a longitudinal comparison of the degree and proportion of collaboration in five strata of citation; it found that collaboration in the highest four citation strata (all in the most highly cited 22%) increased in unison over time, whereas collaboration in the lowest citation strata (un-cited articles) remained low and stable. Given that over 40% of the articles were un-cited, it seems important to take into account the differences found between un-cited articles and relatively highly cited articles when investigating collaboration in IS&LS. The second investigation compares collaboration for 35 influential information scientists; it found that their more highly cited articles on average were not more highly collaborative than their less highly cited articles. In summary, although collaborative research is conducive to high citation in general, collaboration has apparently not tended to be essential to the success of current and former elite information scientists.

Introduction

Over recent years the encouragement of collaboration has been a major goal of research policy. In this paper the word ‘collaboration’ is used to denote an article that has more than one author. Bordons, Gomez, Fernandez, Zulueta, and Mendez (1996) refer to three types of collaboration: local, domestic and international. In local collaboration all collaborators work in the same institution, in domestic collaboration not all collaborators work in the same institution but all collaborators work in the same country, and in international collaboration not all collaborators work in the same country. Many governments are promoting increased international collaboration in the belief that this will result in reduced costs and higher impact research (Katz & Hicks, 1997). One factor that may have contributed to the perceived advantage of collaborative research is that collaboration can save time (Fox & Faver, 1984 - in an account of the advantages of collaboration in general) and result in the inclusion of multiple perspectives (Crow, Levine, & Nager, 1992 - an investigation of local collaboration). Another factor is the evidence (described below) that collaboration correlates with high citation. Possibly as a result of government policies, collaboration is increasing in science, albeit unevenly. For example, Gomez, Fernandez, and Sebastian (1999) found that over the period 1991-95 the increase in Latin American international collaboration ranged from 27% (mathematics) to 86% (engineering and technology) and Glänzel (2002) found that over 1980̵-98 for the SCI the increase in collaboration in general ranged from 17% (mathematics) to 48% (biomedical research).

Investigations of the relationship between citation levels and collaboration have tended to examine science rather than social science and to use the Science Citation Index (SCI) rather than the Social Sciences Citation Index (SSCI). To partially fill this gap, this paper examines the relationship between collaboration and citation for the SSCI Information Science & Library Science (IS&LS) category. 

Related research

This account focuses on research into links between collaboration and citation.  Investigating collaborative articles does not fully capture the dynamic process of working together (Katz & Martin, 1997; Cronin, Shaw, & La Barre, 2003; Wang, Wu, Pan, et al., 2005), in that working together does not automatically result in collaborative publications.  In addition the link between citation and “quality”, however conceived, is not clear-cut. None-the-less several studies have found it useful to investigate the relationship between collaboration and citation with a view to exploring the underlying relationship between collaboration and quality.

Several macro-level studies have convincingly demonstrated an association between collaboration and citation in science. Some studies have investigated the entire SCI whereas others have compared subject areas. In an investigation of the entire SCI for 1980-2000, Persson, Glänzel, and Danell (2004) found a linear relationship between mean citation rates and the number of authors. In an investigation of Spanish SCI articles published between 1991 and 1993, Bordons, Gomez, Fernandez, Zulueta, and Mendez (1996) found statistically significant correlations for Gastroenterology, Cardiovascular Systems and Neuroscience between the productivity of authors and their international and domestic collaboration, but for local collaboration found a statistically significant correlation only in the case of Gastroenterology.

As regards international collaboration, an investigation of nearly half a million U.K. SCI publications from 1981 to 1994 (Katz & Hicks, 1997), found that articles by authors from two countries on average received about 50% more citations than articles by authors from a single country. Positive associations between international collaboration and citation rates have also been found for Chilean physics (Vogel, 1997), Scandinavian science (Glänzel, 2000), Brazilian science (Leta & Chaimovich, 2002), New Zealand science (Goldfinch, Dale, & DeRouen, 2003), Danish industry (Frederiksen, 2004), HIV/AIDS in Nigeria (Uthman, 2008) and wood preservative chemical research (Yi, Ao, & Ho, 2008). In molecular biology, Ma and Guan, (2006) found a correlation between collaboration and citation for Chinese molecular biology, whereas Herbertz (1995) did not find this correlation amongst well-known research institutes. 
In social science some studies that use SSCI data have not found statistically significant correlations between collaboration and citation.  These include investigations of sociology (Crase & Rosato, 1992) finance (Avkiran, 1997), ecology (Leimu, 2005) and two library science journals (Hart, 2007).  However, a link was found between higher citation and international collaboration for Brazilian Management Science (Pereira, Fischer, & Escuder, 2000). One concern when investigating collaboration is that articles by multiple authors seem more likely to be self-cited as there are more authors to self-cite.  In response, an investigation of astronomy research in the Netherlands (Van Raan, 1998) concluded that higher rates of self-citation in international collaboration do not play a significant role in increasing the citation impact of internationally collaborated articles.

Research questions

This research addresses the connection between collaboration and research quality for library and information science through an investigation of connections between citations and collaboration for all IS&LS articles, expanding on Hart’s (2007) coverage of two journals. More specifically, the focus is on the connection between levels of citation and collaboration. In addition, the analysis is conducted longitudinally. A second investigation deals with whether the more highly cited articles by IS&LS authors are more highly collaborative than the less highly cited articles, in that it might indicate that collaboration is not only associated with research quality but is conducive to it. The following specific questions drive this study.
1. Is collaborative IS&LS research more highly cited and how has this changed over time?

2. Are influential IS&LS authors highly collaborative and are the more highly cited articles by influential IS&LS authors more highly collaborative than the less highly cited articles? 

Methods

This paper measures two attributes of collaboration amongst non-anonymous articles: the proportion of articles that are collaborative and the level of collaboration.  The first attribute is called by Gomez, Fernandez, and Sebastian (1999) ‘collaborative rate’, and the second attribute is called in this current paper ‘collaborative level’. Collaborative levels can be measured in more than one way.

One way of measuring collaborative level, used by Persson, Glänzel and Danell (2004) and Hart (2007), is to compute the number of articles by 1 author, 2 authors, etc. but this is inappropriate here because a single indicator is needed. One such indicator of collaborative level is the average number of co-authors per article (where 0 is allocated to articles by 1 author, 1 to articles by 2 authors, etc.). Unfortunately, this indicator can be inflated by a small percentage of highly collaborative articles. In order to avoid this problem, an indicator called ‘partner score’ is introduced to gauge collaborative level.  The partner score of an article is defined as 0 if the article is by one author, 1 if by two authors, 2 if by three authors, and 3 if by more than three authors. The average partner score of a set of articles is defined as the average of the partner scores of all articles in the set.  From these definitions, all partner scores and average partner scores are between zero and three inclusive.
There are two rationales for using partner scores rather than total number of partners: a qualitative and a quantitative rationale. Qualitatively, it seems likely that a high degree of multiple authorship does not accurately reflect the number of people who made significant contributions to the article, but instead reflects ‘generous’ authorship practices, such as a policy of adding the head of a research unit as an author, whether they directly contributed or not, or “gift authorship” (e.g., Drenth, 1998; Shapiro, Wenger, & Shapiro, 1994). As a result of this, it seems reasonable to treat highly multi-authored documents differently from others and the step between three and four authors intuitively seems to be a reasonable cut-off point, albeit an arbitrary one. Without such a step, a small number of articles by multiple authors would have distorted the findings (the Discussion provides an example). Quantitatively, this kind of distortion has previously been recognised; for a large collection of papers the authorship and citation distributions are heavy or fat tailed with exponents roughly between -2 and -3 (Barabasi, Jeong, Neda, et al., 2002; Newman, 2005). The findings are likely to be only minimally affected by the decision to use a cut-off of 3, as (a) correlations of over .99 were found between the partner scores for the cut-off of 3 and the partner-scores for cut-offs of 2, 4 and 5 (see the Discussion) and (b) only a small percentage of all articles was found to have more than 3 authors (3.29% in Table 1). Table 1 presents, for all non-anonymous IS&LS articles published in 1995, the frequency of articles for the different numbers of authors. A practical rationale for partner scores having the cut-off of 3 in this kind of research is that the data collection would not have been reduced for a cut-off of 2, but substantially increased for a cut-off of greater than 3 (a cut-off greater than 3 necessitates checking the number of partners of each article with 4 or more authors, as WoS search results use ‘et al.’ whenever there are more than 3 authors).
Table 1:  Frequency of articles for the different number of authors (non-anonymous IS&LS, 1995)
	Authors
	Frequency
	Authors
	Frequency

	1
	1,649
	7
	2

	2
	446
	9
	3

	3
	165
	10
	1

	4
	43
	11
	1

	5
	19
	15
	1

	6
	7
	8, 12 to 14, > 15
	0


Using Web of Science (WoS) online data, this study implements two investigations, one for each research question.

The first investigation compares, for every second year from 1976 to 2004, the average partner scores of the most highly cited 1% of the articles in the year, the articles with citation rankings in the top 1-2%, 10%-12% and 20%-22%, and the un-cited articles. The reason for examining the articles ranked 10%-12% and 20%-22% rather than 2%-10% and 10-20% is that a pilot investigation of IS&LS articles published in 1995 found limited variation in the average partner score in the interval 5%-21% (for the articles in 5.1%-10% it was .87, articles in 10-14.9% it was .80 and articles in 16.9 to 21% it was .78).  In view of these limited changes it was decided that changes could be identified more clearly by having gaps between the citation ranges.
In order to obtain more accurate results the calculations are based on as large a sample as possible; for example average partner scores for un-cited articles are calculated on all un-cited articles. In addition to basing the findings on a large sample this method avoids possible biases due to the way the articles are selected.  For instance, articles selected from a list produced by the sort by ‘Times Cited’ facility can be biased towards a highly collaborative journal.  Specifically, for the Journal of the American Medical Informatics Association (JAMIA) for all articles published in even years between 1976 and 2004 the collaborative rate is .91 and average partner score is 1.97; 76% of the first 45 un-cited articles on the list for 2000 are in JAMIA, whereas only 18% of all the un-cited IS&LES articles published in 2000 were in JAMIA.

The second investigation compares the average partner scores of all the IS&LS articles for a selection of influential IS&LS authors. The selected authors were either (a) winners of ASIST’s Research in Information Science Award, (b) first authors of very highly cited articles in library and information science (amongst the most highly cited 0.1% of all WoS IS&LS articles), or (c) winners of the Derek John de Solla Price Medal.  The use of multiple criteria in this way allows a broader conceptualisation of influential researchers than allowed by any single criterion. The Research in Information Science Award “recognizes an individual or organization for outstanding research contributions in the field of information science” (http://www.asis.org/awards/research.html); the Derek John de Solla Price Medal is awarded “to scientists with outstanding contributions to the fields of quantitative studies of science” (http://www.issi-society.info/price.html), and is included as a recognised award to compensate for any possible U.S. bias in the ASIST award. Recent studies have examined citation profiles of ASIST’s winners of the Award of Merit and Research in Information Science Award (Cronin & Meho, 2007), Derek John de Solla Price Medal winners (Egghe, 2006), and first authors of the most highly cited 0.1% of IS&LS articles (Levitt & Thelwall, in press). 

The IS&LS articles for each of the selected authors were identified by using a wildcard search in the author’s first name. For example, in order to identify articles by Paul B. Kantor, IS&LS articles by ‘Kantor P*’ were identified; decisions as to whether the author was Paul B. Kantor were made on the basis of WoS article records and Internet searches.
For technical reasons, in both investigations the citation data is the total number of citations from publication to data collection.  The extent to which the findings might be affected by this decision to use an open citation window is considered in the Discussion. 

Findings

1: Longitudinal analysis of selected IS&LS articles

This section investigates whether collaborative IS&LS research is highly cited and how this has changed over time. The collaborative rates and average partner scores were calculated for every even year from 1976 to 2004 for articles in the five citation level sets described in the Methods and the results are in Tables 6 and 7 (Appendix) and Figures 1 and 2. The summary in Table 2 (derived from analysing collaboration in 15,849 articles) indicates that IS&LS articles with more citations on average are more collaborative and have more partners than articles with fewer citations. The table also indicates that the divergence in collaboration is particularly large when comparing the lowest and the highest levels of citation. Specifically, although the collaborative rate and average partner score of ‘Top 1%’ were respectively 186% and 259% higher than those of’ Zero citations’, the collaborative rate and average partner score of ‘Top 1-2%’ were only 33% and 42% higher than those of ‘Top 20%-22%’.

Table 2: Mean collaborative rates and average partner scores (IS&LS articles, every even year from 1976 to 2004)
	Citation level
	Collaborative rate
	Average partner score 

	Top 1% 
	.60
	1.04

	Top 1-2%
	.48
	.75

	Top 10%-12% 
	.43
	.64

	Top 20%-22%
	.36
	.53

	Zero citations
	.21
	.29


Figures 1 and 2 illustrate longitudinal changes in collaborative rates and average partner scores. In the figures for all citation levels apart from un-cited the collaborative levels and average partner scores have increased steadily over the period 1975 to 2004. The oscillations in collaborative rate and partner score in the figures for the top 1% and 1%-2% could be due to the small numbers in these ranges.
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Figure 1: Proportion of collaborative articles (Collaborative rate) for diverse citation strata (1976 to 2004)
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Figure 2: Average partner score for diverse citation strata (1976 to 2004)

The upward trends in Figures 1 and 2 were confirmed using the Spearman test.  In Table 3, for all levels of citation, apart from zero citation, the correlations with time (years) are statistically significant (p <.01). 
Table 3: Spearman correlations between collaborative rates and year and between average partner scores and year

	Citation level
	Collaborative rate
	Average partner score

	Top 1% 
	.80
	.85

	Top 1-2%
	.80
	.86

	Top 10%-12% 
	.91
	.90

	Top 20%-22%
	.86
	.88

	Un-cited
	.14
	.28


As indicated by Figures 1 and 2, the degree and proportion of collaboration increased over time in unison for the articles cited in the top 22%, and this is confirmed by Spearman correlations ranging from 0.67 to 0.85 (p <.01) between the highest four citation strata for both collaborative rate and average partner score. The correlation between un-cited articles and the other strata is much lower, ranging from -0.08 to 0.27.

2: Influential IS&LS authors 

This section investigates whether influential IS&LS authors are highly collaborative and whether the more highly cited articles by influential IS&LS authors are more highly collaborative than the less highly cited articles.

Table 4 presents the average partner score of 35 influential information scientists. Retired and deceased information scientists are included in the study, but information scientists were omitted when it was considered that there were too few articles on which to reliably evaluate the average partner scores. The effect on the findings is that they are based on as large as possible a sample for which there is reliable data. The average year of publication varies between information scientists, but the year of publication is taken into account in Table 5. Although 74% of the information scientists have average partner scores between .67 and 1.71, the average partner score ranges from .10 to 2.91 and Marchionini’s score is 5.2 times Tenopir’s score.

Table 4: Average partner score per article for 35 influential information scientists for IS&LS articles published between 1975 and 2004

	Information scientist
	Score
	IS&LS articles
	Information scientist
	Score
	IS&LS articles

	Bates, DW 
	2.91
	48
	Kuhlthau, CC 
	.94
	17

	Bates, MJ 
	.54
	40
	Leydesdorff, L
	.37
	54

	Belkin, NJ 
	1.54
	29
	Marchionini, G
	1.65
	36

	Benbasat, I
	1.35
	33
	Mccain, KW 
	.77
	33

	Bookstein, A 
	.74
	56
	Meadow, CT 
	1.15
	35

	Braun, T
	1.64
	61
	Moed, HF 
	1.71
	39

	Brookes, BC
	.10
	29
	Narin, F
	1.17
	24

	Cimino, JJ 
	2.22
	55
	Robertson, SE 
	1.23
	45

	Croft, WB
	1.10
	22
	Salton, G
	1.33
	38

	Egghe, L
	.50
	89
	Saracevic, T 
	.92
	64

	Fidel, R
	.54
	28
	Schubert, A
	1.63
	66

	Garfield, E 
	.69
	31
	Small, HG 
	.43
	32

	Glänzel, W
	1.39
	81
	Spink, A
	1.36
	73

	Griffith, BC
	1.00
	20
	Straub, DW 
	1.54
	28

	Harter, SP 
	.67
	31
	Tenopir, C
	.32
	210

	Ingwersen, P
	.91
	35
	Van Raan, AFJ 
	1.20
	49

	Kantor, PB 
	1.07
	47
	White, HD
	.78
	38

	Kraft, DH 
	1.39
	24
	
	
	


The mean partner score of the 35 information scientists in Table 4 is 1.11. Table 5 lists for each information scientist the average partner scores of highly cited articles (at least 30 citations) with those of low cited articles (5 or less citations). The mean partner score for the highly cited articles is 1.12 and for the low cited articles is slightly higher at 1.15. However, in Table 5 the mean year of publication for the highly cited articles is 4.5 years earlier than that for the low cited articles, which makes the difference even less significant. Hence it seems that there is no real difference in collaborative level between highly cited and un-cited articles of the top information scientists.

Table 5: Average partner score and average year of publication for high and low cited IS&LS articles (1975 to 2004)
	Information scientist
	30 or more citations
	5 or less citations

	
	Partner score
	Average year
	Partner score
	Average year

	Bates, DW 
	3.00
	1999.3
	2.83
	1999.6

	Bates, MJ 
	.40
	1985.1
	1.25
	1996.0

	Belkin, NJ 
	1.36
	1984.5
	1.71
	1993.3

	Benbasat, I
	1.31
	1995.7
	1.25
	2001.3

	Bookstein, A 
	.33
	1979.3
	.85
	1990.6

	Braun, T
	1.67
	1990.5
	1.18
	1994.4

	Brookes, BC
	.00
	1979.6
	.00
	1980.0

	Cimino, JJ 
	2.80
	1994.4
	2.15
	1999.0

	Croft, WB
	1.00
	1983.5
	1.50
	1991.5

	Egghe, L
	.25
	1991.8
	.45
	1998.4

	Fidel, R
	.50
	1988.8
	.40
	1988.9

	Garfield, E 
	.33
	1981.3
	1.00
	1997.4

	Glänzel, W
	1.33
	1992.9
	1.41
	1997.2

	Griffith, BC
	1.50
	1980.0
	1.00
	1988.0

	Harter, SP 
	.33
	1991.0
	.89
	1988.0

	Ingwersen, P
	.80
	1993.9
	1.00
	1996.8

	Kantor, PB 
	1.60
	1987.0
	1.11
	1991.0

	Kraft, DH 
	1.00
	1979.8
	1.75
	1984.4

	Kuhlthau, CC 
	.60
	1990.0
	1.43
	1995.7

	Leydesdorff, L
	.00
	1992.0
	.54
	1995.3

	Marchionini, G
	.75
	1990.3
	1.80
	1998.9

	Mccain, KW 
	.67
	1991.5
	1.17
	1994.4

	Meadow, CT 
	1.00
	1980.5
	.94
	1987.2

	Moed, HF 
	1.88
	1993.6
	1.25
	1996.8

	Narin, F
	1.30
	1983.2
	1.40
	1996.1

	Robertson, SE 
	1.00
	1984.4
	1.31
	1986.5

	Salton, G
	1.75
	1986.6
	.50
	1984.6

	Saracevic, T 
	1.63
	1993.9
	.81
	1993.7

	Schubert, A
	1.40
	1987.2
	1.47
	1992.4

	Small, HG 
	.75
	1984.9
	.50
	1999.2

	Spink, A
	2.00
	1999.0
	1.19
	1992.8

	Straub, DW 
	1.10
	1997.3
	1.88
	1993.6

	Tenopir, C
	1.00
	1993.7
	.25
	1994.6

	Van Raan, AFJ 
	2.00
	1992.8
	1.18
	1989.2

	White, HD
	1.00
	1987.0
	.82
	1996.1

	Mean
	1.12
	1988.8
	1.15
	1993.3


Discussion

As described in the Methods, for technical reasons this paper calculates citations to date rather than using a fixed citation window. 
How are the findings likely to be affected by using a variable citation window? The major advantage of using a fixed citation window is that it is more suited to comparing years (every year is measured in the same way, reducing variability). The effect of variability is likely to be particularly marked when comparing years with very different citation windows (e.g., 1976 and 2004). However, in this study this effect is indirect, in that it is on the selecting of the articles within the strata and not on the extent of collaboration. In addition, there is an advantage of using citation to date when comparing strata in the same year: the articles in each stratum more closely resemble final citation ranking, reducing the effect of late citation (prevalent amongst very highly cited IS&LS articles, Levitt & Thelwall, in press). 
It is interesting to examine whether citation rates grew, despite the effect of using a variable citation window (i.e., giving an apparent advantage to earlier articles that have longer to attract citations). In order to investigate this, data on the evolution of citation with time was gathered and presented in Figure 3. This figure presents the total number of citations to date for the IS&LS articles with citation rankings of 1%, 2%, 10% and 20% (called ‘First’, ‘Second’, ‘Tenth’ and ‘Twentieth’), as percentages of their 1976 values (36 for 1%, 18 for 2%, 6 for 10% and 3 for 20%).
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Figure 3: Citations to date of the article at the first, second, tenth and twentieth percentile expressed as a percent of the corresponding 1976 values (IS&LS , 1976 to 2004)

Figure 3 does not suggest that older articles tend to be more heavily cited than more recent articles. Although articles from 2004 are mostly at a disadvantage compared to other years, all groups of articles from 2002 attracted more citations than those from 1976. Had a fixed citation window been used, excluding more recent citations from older articles, then Figure 3 would probably have shown a more significant increase in citations over time.
 In the Methods, one of the reasons for using the average partner score rather than total number of authors to indicate collaborative level is that large numbers of authors can distort the findings.  For example, counting every partner would have resulted in the average partner score for the most highly cited 1%-2% of the articles being much higher in 1994 than in 1996 (1.97 compared with 1.07); the 1994 score would have been distorted by one article by 16 authors and one by 15 authors.  

The Methods hypothesises that the findings are likely to be only minimally affected by the decision to use a cut-off of 3 (i.e., grouping together articles by four or more authors). In order to assess the likely effect of using a different cut-off, for every even year from 1976 to 2004 the average partner scores of the most highly cited 1% IS&LS articles were calculated for the cut-off values of 2, 3, 4 and 5. The rationale for investigating the most highly cited 1% is that this is the stratum with the highest percentage of articles by more than 3 authors. The Pearson correlation between partner scores for cut-offs of 3 and 2 was .992, between partner scores for cut-offs of 3 and 4 was .997, and between partner scores for cut-offs of 3 and 5 was .991. These very high correlations indicate that the findings would have been only minimally affected by the decision to use the cut-off of 3 rather than 2, 4, or 5.

As described in the Methods, a practical rationale for not using a cut-off of more than 3 is that the data collection would have been substantially increased. One could ask whether a cut-off of 3 is appropriate for all disciplines. Specifically, would a higher cut-off be more appropriate for a discipline with a much higher percentage of articles by large numbers of authors (e.g., Medicine)?  It is recommended that, in order to facilitate comparison, the same cut-off value be used in all studies of partnership and, where appropriate, additional indicators be used to distinguish between very large and less large partnerships. Ultimately, however, a qualitative decision may need to be made about the likelihood of a significant contribution having been made by additional multiple authors in any given field.
As described in the Methods, this paper investigates the intervals 10%-12% and 20%-22% rather than 2%-10%, and 10%-20%. The advantage of using citation ranges separated by gaps is that discrete ranges identify gradual change more easily; in order to offset the consequent disadvantage of smaller numbers as large a sample of articles as possible was used.   
In common with several studies described in the Related Research the longitudinal investigation found a positive link between collaboration and citation level; for instance, on average the collaborative rate and partner scores for articles cited in the top 1% was 2.9 and 3.6 times those of un-cited articles (Table 2). This study also found that the trend towards multiple authorship in biomedical research and chemistry (Glänzel, 2002) was present in IS&LS at all citation levels apart from un-cited. A surprising finding is the difference in behaviour between un-cited articles and the other sets of articles examined: For all citation levels, apart for un-cited, there were strong statistical correlations both longitudinally and between level.  In contrast, Hart (2007) did not find a correlation between collaboration and citation in library science, but Hart’s investigation was confined to two journals.

The results for the most influential scholars paint a rather different picture. There were significantly different patterns of collaboration. For example, the collaborative levels of Marchionini and Belkin were respectively 5.2 and 4.8 times the collaborative level of Tenopir.  This indicates that some influential information scientists have chosen to collaborate much more often than others. The collaborative level of Tenopir is only 3% higher than the average for zero citations, indicating that a high level of collaboration has not been a pre-requisite to become an influential information scientist. Part of the reason for the findings may be due to the sub-field factors: researchers oriented towards computer science (e.g., Marchionini, Belkin) are possibly more likely to collaborate, whereas researchers oriented towards the social sciences/humanities end of IS&LS, such as information behaviour research (e.g., Tenopir, MJ Bates, Fidel), may tend towards the ‘lone scholar’ mode of research. Of course, all these recognised researchers have mature bodies of work and hence reflect past IS&LS routes to success rather than the achievements of less recognised scholars that are today working towards gaining recognition.

An unexpected finding was that the more highly cited articles by influential IS&LS authors on average are not more highly collaborative than the less highly cited articles; however this finding may be partly explained by the fact that the more highly cited articles were published earlier and that, apart from the un-cited, earlier articles were found to be less collaborative.

Although the results give clear answers to the research questions, there are some limitations. First, the findings are dependant upon the WoS selection and categorisation of journals for IS&LS. In particular, some of the IS&LS journals are likely to be seen as outside the library and information science discipline, such as those dealing with information systems and medical informatics. Second, WoS designates subjects at the journal level so that, for a given journal, all articles are given the same subject designation. This designation results in a coarse-grained definition of Library and Information Science; articles are in LIS if, and only if, they are in journals designated to the IS&LS subject category.
As mentioned in the Introduction, Bordons, Gomez, Fernandez, Zulueta, and Mendez (1996) classify collaborative articles into types that reflect the geographical proximity of the collaborators, but does the link between collaboration and citation depend on proximity? An investigation of the IS&LS articles published in 1995 did not obtain a statistically significant correction between proximity and highly cited collaborative articles. It would be interesting to investigate this in more detail, however.
Conclusions

Returning to the research question 1, collaboration is clearly associated with higher citation (contrary to Hart, 2007). Moreover, the collaborative rates and levels of the highest four citation strata increased in unison over time, whereas the collaborative rates and levels of the un-cited articles remained low and stable. From this, it seems reasonable to hypothesise that, in general, collaborative research is becoming increasingly significant and influential in library and information science. An implication for authorship is that it seems to have become increasingly difficult for a sole author to produce highly cited IS&LS research.

The finding in Table 2 that the variation in collaboration with citation is particularly large at the lowest and highest citation level is interesting in two respects: (a) It provides a fine-grained picture of the relationship between collaboration and citation level, and (b) Because un-cited articles are very common (in Table 7, the non-anonymous un-cited articles form between 32.9% and 47.9% of all articles in the year), it seems important that the particularly low collaborative rate and level of un-cited articles are taken into account when investigating collaboration.

The study on influential information scientists found that although on average they had high collaborative levels, the collaborative level for some authors was less than a fifth of that of other authors. This indicates that although collaboration is associated with research quality it is not a requirement. This was confirmed by the evidence that the level of collaboration of an author’s individual articles did not associate with high citation.   The more highly cited articles by influential IS&LS authors on average are not more highly collaborative than their less highly cited articles, but in general they were published earlier.

Finally, this paper introduces and uses the average partner score; this indicator of collaborative level can potentially be used in other investigations of collaboration. 

Appendix

Table 6 presents the range of citation of diverse citation levels and Table 7 presents the number of articles on which the collaborative rates and average partner scores were calculated.

Table 6: Range of citation of diverse citation levels

	Year
	Top 1%
	Top 1 to 2%
	Top 10 to 12%
	Top 20 to 22%

	1976
	36 to 383
	18 to 35
	5 to 6
	3

	1978
	26 to 74
	19 to 25
	5 to 6
	3

	1980
	35 to 572
	23 to 33
	5 to 6
	3

	1982
	27 to 258
	20 to 26
	6 to 7
	3 to 4

	1984
	34 to 151
	21 to 32
	6 to 7
	4

	1986
	48 to 135
	30 to 48
	7 to 8 
	4

	1988
	73 to 484
	29 to 71
	7 to 8
	3 to 4

	1990
	33 to 628
	20 to 33
	5 to 7
	3

	1992
	41 to 251
	25 to 40
	8 to 9
	4

	1994
	49 to 246
	33 to 47
	8 to 10
	3 to 4

	1996
	50 to 191
	32 to 50
	9 to 10
	4 to 5

	1998
	44 to 156
	31 to 42
	10 to 12
	5

	2000
	37 to 202
	29 to 36
	10 to 12
	5

	2002
	39 to 93
	26 to 39
	8 to 9
	4 to 5

	2004
	18 to 88
	15 to 18
	6
	3


Table 7: Number of articles on which the collaborative rates and average partner scores were calculated for diverse citation levels

	Year
	Top 1%
	Top 1 to 2%
	Top 10 to 12%
	Top 20 to 22%
	Un-cited
	Articles in the year

	1976
	15
	19
	64
	98
	658
	1,480

	1978
	18
	20
	77
	123
	830
	1,794

	1980
	17
	17
	83
	100
	698
	1,723

	1982
	17
	17
	69
	228
	618
	1,651

	1984
	17
	21
	74
	94
	613
	1,698

	1986
	19
	18
	68
	133
	574
	1,746

	1988
	18
	18
	62
	199
	736
	1,793

	1990
	20
	25
	137
	132
	829
	1,917

	1992
	19
	21
	63
	73
	755
	1,896

	1994
	22
	23
	79
	200
	1,056
	2,205

	1996
	23
	24
	53
	184
	995
	2,246

	1998
	23
	22
	73
	65
	948
	2,234

	2000
	23
	22
	63
	75
	981
	2,245

	2002
	23
	23
	73
	187
	938
	2,219

	2004
	27
	23
	62
	141
	874
	2,070

	Sum
	301
	313
	1,100
	2,032
	12,103
	28,917
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