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Abstract

In recent years a considerable body of webometric research has used hyperlinks to generate indicators for the impact of web documents and the organizations that created them. The relationship between this web impact and other, off-line impact indicators has been explored for entire universities, departments, countries, and scientific journals, but not yet for individual scientists, an important omission. The present research closes this gap by investigating factors that may influence the web impact (inlink counts) of scientists’ personal homepages. Data concerning 456 scientists from five scientific disciplines in six European countries were analysed, showing that both homepage content and personal and institutional characteristics of the homepage owners had significant relationships with inlink counts. A multivariate statistical analysis confirmed that full text papers are the most linked-to content in homepages. At the individual homepage level, hyperlinks are related to several off-line characteristics. Notable differences between the total inlinks to scientists’ homepages exist between the scientific disciplines and the countries in the sample. There are also both gender and age effects: fewer external inlinks (links from other web domains) to the homepages of female and of older scientists. There is only a weak relationship between a scientist’s recognition and homepage inlinks and, surprisingly, no relationship between research productivity and inlink counts. Contrary to expectations, the size of collaboration networks is negatively related to hyperlink counts. Some of the relationships between hyperlinks to homepages and the properties of their owners can be explained by the content that the homepage owners put on their homepage and their level of internet use. The findings about productivity and collaborations, however, do not seem to have a simple, intuitive explanation. Overall, the results emphasise the complexity of the phenomenon of web linking, when analysed at the level of individual pages. 
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Introduction

Over the past twenty years researchers have increasingly become aware of the importance of knowledge production and diffusion for economic growth and social welfare (Barro & Sala-I-Martin, 2004; Castells, 1996). Consequently, the overall effort put into measuring how much personnel and financial input is dedicated to this economic activity and what output results from it have risen considerably (European Commission, 2003a; National Science Board, 2004; OECD, 2000). Knowledge is produced extensively in public science and in private research and development (R&D). Though the situation is by no means ideal, a lot of data on private R&D have become available through innovation surveys (e.g., European Commission, 2004) and from patent databases. Data on academic research often come from bibliometrics, which is based on the assessment and analysis of data on publications and citations, primarily for journal articles but also for patents and other document types (Borgman & Furner, 2002; Meyer, 2003; Moed, 2005). The processing of bibliometric data is rather time consuming and costly, and therefore only few generally usable data sources exist; most bibliometric work is based on the database of a single company, ISI-Thomson. The Web is a new, additional source for bibliometric studies, however, with many scientists increasingly publishing information about research online (e.g., homepages, research group pages). This observation has spawned the research field of webometrics (Almind & Ingwersen, 1997; Björneborn & Ingwersen, 2001, 2004). 

The number of hyperlinks that point to a web document from other Internet documents might be conceived as an indicator of the impact of this document and its producer(s) on the internet (e.g., Ingwersen, 1998). A high ‘web impact’ or ‘online impact’ for a document signals that it might contain information that may be useful for visitors to the source documents of the links, but this is not always the case. For example one study of links to university homepages found that many were not designed to target useful or relevant information (Thelwall, 2003a). Nevertheless, the majority of links between universities are related to research or education (Wilkinson, Harries, Thelwall, & Price, 2003), at least in the UK and (including “professional (work related)” links) in Israel (Bar-Ilan, 2004c). Many common link types contain added value for research and higher education, pointing out organizations or individuals with specific competencies or indicating information sources considered valuable by the hyperlink creator (Bar-Ilan, 2004c; Chu, 2005; Harries, Wilkinson, Price, Fairclough, & Thelwall, 2004). For instance, hyperlinks on pages for students often point out course material that the instructor has checked and endorses. 

For academic pages, high web impact may not only reveal something about the documents, but also about their owners: both of the document that includes the link and the linked-to document. Hyperlinks are used to convey reputation and raise credibility; e.g. on scientists’ homepages they might point to previous affiliations raising the scientist’s credibility by establishing a relationship with renowned universities, departments, groups, or individual scholars (Heimeriks, Hörles​berger, & van den Besselaar, 2003), the gaining of credibility being important for scientists (Latour & Woolgar, 1979). Although mentioning the name of the linked-to entity might be sufficient for this purpose, it may be that creating a link and facilitating easy access provides even more credibility as a tangible connection. Scientific impact has also been hypothesised to be related to online impact. This logic has been used for countries and scientific journals (Ingwersen, 1998), universities (Thelwall 2002a; Thelwall & Harries, 2004a) or departments (Li, Thelwall, Musgrove, & Wilkinson, 2003; Thelwall, Vaughan, Cothey, Li, & Smith, 2003). Several papers have shown that indeed a correlation between online impact and other impact measures exists (see the review below). However, it has been doubted whether any meaning can be extracted from web-links at the level of individual scientists (Heimeriks & van den Besselaar, 2004).

Most studies of hyperlinks to academic web sites have been carried out for sets of university or departmental web sites. They have assessed the relationship between hyperlinks to organizations and their research quality, scientific discipline, country and involvement in collaborative research (see the review below). Explorations of the links to scholars’ individual homepages are rare, although a recent analysis of the content of Nobel laureates’ homepages (Nelson, 2005) bears some similarity to the present investigation because it provides some basic link statistics. Kretschmer and Aguillo (2004, see also 2005) refer to an unpublished study of links between the homepages of a network of collaborating German Psychologists that found too few links between the pages to give useful results. Another study analysed personal homepages of the general public that linked to university web sites (Thelwall & Harries, 2004b), finding many acknowledgement links by former students as well as a few examples of applications for academic research. 

Although at the macroscopic level it appears that the web impact of universities tends to be proportional to their research productivity (Thelwall & Harries, 2004a), the factors that determine the impact of individual scientists on the Web are still largely unknown. This is surprising since science is usually considered to be a highly individualistic undertaking even if it is carried out collaboratively: scientists are driven to do research by intrinsic interest in a subject or problem and by the prospect of increasing their personal reputation and obtaining recognition from their peers (e.g. Becher & Trowler, 2001; Cole & Cole, 1973). 

In this paper we combine data collected from the virtual world with real world data in order to better understand the factors that shape the Web as an academic information space. The three questions below drive the investigations. The first operates at a general level, whereas the second and third are more specific sub-questions.

1. Which factors determine the web impact of scientists’ personal homepages?

2. Which type of homepage content attracts inlinks?

3. How do the personal characteristics of scientists and institutional factors relate to the web impact of their homepages?

Background

The following brief summary of findings reported in the literature gives a flavour of recent scholarly hyperlink research. It is mostly based on hyperlinks at the organisational level: hyperlinks to universities or sub-levels. In particular, five factors have been investigated.

a) the scientific discipline of the organisation to which the links point, 

b) the country of the university and the geographic distance within a system of universities,

c) the research performance of the organisation,

d) the degree of involvement in collaborative research,

e) and – at individual level – the gender of the document owner.

Scientific discipline

Disciplinary practices and conventions play an important role in the production and dissemination of knowledge. Bibliometric studies have shown that research productivities differ between scientific disciplines (Baird 1986; Barjak, 2005; Prpic, 1996). Also, research on scientific communication has shown that the use of information and communication technologies and the internet vary across scientific disciplines (Abels et al., 1996; Barjak, in press; Walsh, Kucker, Maloney, & Gabbay, 2000). Factors such as the work products, the work organisation, and the institutional framework contribute to these differences (Fry, 2004; Kling & McKim, 2000). Hence, we also expect that the use of hyperlinks differs between disciplines.

In his study on Nobel laureates’ homepages, Nelson (2005) showed that the pages of prize winners in chemistry received significantly fewer links than the pages of prize winners from economics. Previous research at other levels (Tang & Thelwall, 2003, 2004; Thelwall, Harries, & Wilkinson, 2003) has shown that web linking is discipline-dependent. In particular, web sites in computer science, mathematics, and other physical science and engineering disciplines make more use of hyperlinks than other scientific disciplines. Also hyperlink structures vary by discipline: for instance the proportions of international inlinks within all inlinks were 19% for United States (US) chemistry departments, 16% for psychology departments, and only 6% for history departments (Tang and Thelwall, 2004). Away from the US and United Kingdom (UK), in a recent pilot study of Australia and Taiwan, the web sites of computer science departments were more intensively interlinked than web sites of other departments – a possible indication of their higher impact (Thelwall, Vaughan, Cothey, Li, & Smith, 2003). 

Country

The impact of scientists on the web may also be influenced by the country in which they work. Cross-country differences in science are generally accepted but little researched. From bibliometric data we know that publica​tion counts per researcher vary significantly across countries: For instance, according to the latest European Report on Science and Technology Indicators, from 1996-99 a researcher in Switzerland published on average 2.24 scientific articles, in the UK 1.65, in Germany 0.99, in the US 0.86 and in Japan 0.46 (European Commission, 2003a). These differences have been attributed partially to the differing specialisations of the national research and innovation sys​tems (European Commission, 2003a) and to a bias of the data used towards the English language which affects in particular larger non-English speaking coun​tries (Van Leeuwen, Moed, Tijssen, Visser, & van Raan, 2001). Barjak (2005) showed that country differences in research productivity can still be found, even if a large set of control variables is accounted for. Moreover, the use of Internet technologies for communication and information retrieval and dissemination also varies at the country level (Barjak, in press).
A few analyses have investigated hyperlink patterns from a cross-country perspective. The above mentioned paper by Thelwall, Vaughan et al. (2003) pointed to country differences between hyperlink counts for Australia and Taiwan. Similarly, significant disciplinary and national differences were found in a study of chemistry, biology and physics departments in Australia, Canada and the UK (Li, Thelwall, Musgrove, & Wilkinson, 2005b). The national size of a discipline might be one explanation for a higher impact in one country than in another. Other international studies have suggested that linking patterns will tend to reflect coauthorship connections, and presumably a wide range of other ties between nations (Smith & Thelwall, 2002), with linking patterns probably dominated by countries that publish the most ISI-indexed academic research (Thelwall & Smith, 2002).
Research performance

At least in the UK, a large majority (90%) of links between university web sites are related to research and education (Wilkinson, Harries, Thelwall, & Price, 2003). Though only a small percentage of these links points to content that may be compared with refereed journal articles, this nevertheless shows that hyperlinking in the university domain is primarily related to research and education. Hence we may expect that the research performance, defined to be the amount and quality of the research results produced in an organization, is one factor that can explain its visibility on the Web. Of course, in addition to hyperlinks from other universities’ web sites, the complete set of inlinks to a university web page includes commercial and governmental web sites and several other types of site.

Different analyses have shown that link count metrics for universities can correlate with measures of research performance. To sum up the findings listed below: link counts per member of staff tend to correlate with a wide range of research-related measures, but the connection is not universally found, with national and disciplinary factors playing a role.
· Universities with higher average peer-review ratings attract more links per faculty member to their web sites in the UK (Thelwall, 2001, 2002a) and New Zealand (Smith & Thelwall, 2005). A similar relationship was found for Australian universities, using a government calculation for research funding (Smith & Thelwall, 2002). Nevertheless, higher quality web content, as measured through the number of hyperlinks pointing to hypertexts in the university domains, is not the primary reason for this relationship (Thelwall & Harries, 2004a). The root cause is that higher rated universities tend to produce more web content with the average inlinks per page (or domain) remaining approximately constant.

· UK departments of computing (Li et al., 2003) and biology (Li et al., 2005a) with higher peer-review ratings attract more links to their web site, but no evidence of this was found for UK physics and chemistry departments (Li et al., 2005a), and library and information science schools in the UK (Thomas & Willett, 2000) and US (Chu, He, & Thelwall, 2002).
· Other analyses have looked at the relationship between internet inlinks and publication impact (total and per faculty member). Significant correlations were obtained for chemistry and psychology departments in US universities (Tang & Thelwall, 2003), for chemistry and biology departments in the UK, physics and chemistry in Australia (Li, 2005). Link count results for US history departments were too small to permit valid statistical calculations (Tang & Thelwall, 2003), and insignificant results found for physics departments in the UK, biology departments in Australia, and physics, chemistry and biology departments in Canada (Li, 2005).
Collaboration networks

Another question that has been investigated in webometric studies is whether hyperlinks provide evidence of scientific collaboration patterns. In general, the use of the internet correlates with the extent of collaborative research (Barjak, in press; Cohen, 1996; Walsh et al., 2000). As some internet tools like e-mail, web sites with restricted access, or grid applications support collaboration, this connection is not surprising.

The motivations for creating web links can be relatively trivial and rarely originate in cognitive relationships in the way that bibliometric citations often do. To some extent this invalidates the use of link counts for inferring relationships between individuals or organizations (Thelwall, 2003a). Despite this, Heimeriks and van den Besselaar (2004) have found a small correlation between the sources of inlinks and the co-authors of a computer science research group. They conclude that project cooperations, co-authorships and inlink statistics represent the collaboration dimension in the communication network of this research group. However, in a sister paper they somewhat qualify this finding:

“This suggests that hyperlink networks function in the context of knowledge dissemination that is only loosely related to the co-production of knowledge (in scientific fields) and the collaboration networks in research and application (in research projects). The Internet seems to be used merely for communications with users of the knowledge resources in a predominantly local context.” (Heimeriks, Hörlesberger, & van den Besselaar, 2003, p. 408)

Geographical hyperlink clusters of British universities have also been found (Thelwall, 2002b, 2002c) and can be interpreted in line with the hypothesis that hyperlink networks on the web mirror to some extent real world interactions between scientific organisations, although it may be that geographical factors are not strong and can only be found in very large data sets. 

Gender of the document owner

One of the few studies at the individual scientist level focused on hyperlinks to the pages of research groups in the life sciences (Thelwall, Barjak, & Kretschmer, in press). In particular, it investigated the existence of a gender effect, i.e. whether teams led by female principal investigators received fewer links to their homepages than teams with male team leaders. The results for the nine-country dataset rather point to no gender bias in hyperlinks, as in only one out of nine countries (Germany) was the link figure for the female teams significantly smaller than for the male teams.

Data sources and methods

The extent to which this paper’s research questions can be answered is very much dependant upon the kind of data that can be collected. The offline data used in this analysis are from a survey among scientists from five scientific disciplines (astronomy, chemistry, computer science, economics, and psychology) in six European countries (Denmark, Germany, Ireland, Italy, Switzerland and the United Kingdom). The disciplines were chosen on the basis of the then available literature on internet use in science (Abels, Liebscher, & Denman, 1996; Cohen, 1996; Kling & Callahan, 2001; Walsh et al., 2000; Walsh & Roselle, 1999). Another survey aim was to include different disciplines from the natural sciences, engineering and social sciences. The sample of the survey was drawn on the basis of membership records of European and national scholarly organizations. Gaps were closed through internet searches employing the following procedure:

· Step 1: random selection of research organisations (based on national or interna​tional lists of web links for an academic discipline); 

· Step 2: random selection of individual researchers from the staff lists of these organisations as published on their homepages.

The survey included questions on socio-demographic characteristics of the respondents, their publication rates and collaboration activities, as well as a large set of questions on the use of different internet tools and applications for R&D. In addition to some self-explaining variables we include in this analysis: the recognition of the respondents, assessed through the answers to a four-item question asking about awards, service on professional committees, editorial boards, and advisory committees within the previous five years. The more these services were rendered, the higher the assessed level of recognition. The collaboration network of the respondents was estimated by means of the total number of collaborating partners. Research productivity was estimated through the numbers of different types of publications (journal articles, working papers, chapters in books, monographs, reports, and conference presentations) produced over a two-year period (2001-2002).
The data were gathered through a paper-and-pencil questionnaire mailed to 6,518 respondents in the period between April and July 2003. In total 1,578 respondents replied and 181 researchers were unreachable or ineligible (retired, had left research etc.). The response rate of 25% is rather low compared to other surveys among scientists. We assume that the considerable length of the questionnaire (36 questions on 12 pages) and – to a lesser extent – problems in the mailing of the questionnaires are the main reasons for this. However, all countries and academic disciplines of the survey population are represented in the dataset (see Table 1). The responses may contain a bias towards internet users – we cannot disprove this as we lack any information on the internet use of the non-respondents. 
Table 1: Distribution of the survey respondents included in the analysis by country and disciplinea
	
	Country of the organisation
	All countries

	
	Switzerland
	Germany
	Denmark
	Italy
	Ireland
	UK
	

	Astronomy
	7
	4
	13
	12
	3
	11
	50

	Chemistry
	5
	15
	16
	27
	14
	18
	95

	Computer Science
	8
	32
	9
	16
	10
	10
	85

	Psychology
	6
	20
	6
	29
	10
	8
	79

	Economics
	7
	22
	16
	34
	8
	13
	100

	Other disciplines
	6
	11
	9
	10
	6
	2
	44

	All disciplines
	39
	104
	69
	128
	51
	62
	453


a Missing values for the scientific discipline for three respondents.

Source: SIBIS R&D survey, authors.

The survey data were supplemented with data on the hyperlinks to the personal homepages of a part of the survey respondents: those senior researchers (junior researchers and PhD students were excluded) which were engaged in collaborative research and for which a personal homepage could be found through searches in Google and browsing of their university’s web site. Out of 549 researchers we found a webpage for 456. The number of links to each homepage URL was estimated using Google’s “link:” advanced search command on November 24, 2004.  For each URL found, Google’s result is probably an underestimate because Google does not index the whole web, does not reveal all of the links in its database (Search Engine Watch Forums, 2004), and the results of search engine searches are in any case unreliable (Bar-Ilan, 1999, 2004a; Mettrop & Nieuwenhuysen, 2001; Rousseau, 1999). In fact, a reviewer pointed out that both Yahoo! and MSN Search would have been better choices as these tend to report much larger number of links, which we accept. Nevertheless, for the analysis we needed a complete list of links rather than a simple count of links in order to apply the Alternative Document Model (ADM) counting technique (Thelwall, 2002) although ADMs were not actually used because of the lack of replicated links in the data set – a factor that could not be assessed without the full list of links. At the time of data collection (2004), Google was the only major search engine allowing the automatic downloading of results (http://www.google.com/apis/) which made the creation of complete link lists practical. During 2005 both Microsoft (http://msdn.microsoft.com/webservices/) and Yahoo! (http://developer.yahoo.net/search/) released similar services and so would now be preferable to Google. The link data is problematic not just because it represents a sample of the full set of links, but also because academics may have a single web page or a complete web site, and because they may also receive links to associated research group pages or personal pages. These factors mean that link analysis results must be interpreted cautiously in case there is a systematic bias caused by these factors. Perhaps the most likely problem is that more productive academics may publish more web pages and a proportion of links to their web site may be directed away from their home pages and hence detract from their inlink count, as measured by our method.
For each URL, the links may come from the same domain (called internal inlinks or domain self-links) or from another domain (external inlinks or domain inlinks). The distinction is important because internal links are often used for navigational purposes, although they are also used for a wide range of other reasons in academic web sites (Bar-Ilan, 2004b). Hence it is logical to at least treat internal and external inlinks separately. Self-links were operationalised as links where the source page and target URL shared a common domain name. Note that a stronger definition of self-links could have been used - links within the same site, whether sharing a domain name or not - but this was judged not necessary for this study because links to personal homepages across different domain names within the same web site seem to be rare. In addition, the alternative link counting models (Thelwall, 2002a) were not necessary because the data set lacked highly replicated linking. 

The results are affected by the differing dates of the two data collections (survey in summer 2003, webometric data collection in winter 2004), and many scientists will have changed their homepage content in between. Nevertheless, links are also created over time and frequently remain unchanged for long periods (Koehler, 2004); hence it seems reasonable to obtain link counts significantly after the page content evaluation. The content refers above all to research-related content and it was assessed in a closed question in the Statistical Indicators for Benchmarking the Information Society (SIBIS) survey. Therefore, there is probably a slight mismatch between the content during the time of the survey in April-June 2003 and the content at the time of the hyperlink collection in November 2004.

The combined datasets permit an analysis of the relationship between the content of the homepages as given in the survey, some personal and institutional characteristics of researchers and the researchers’ link-based impact on the Web. As a first step we calculated the arithmetic means of the inlinks by subgroups. We compared these means through the SPSS ANOVA procedure and through additional Kruskal-Wallis and Median tests, as the hyperlink data are highly skewed. 

Multivariate analyses in the form of count data models were the second analytical step. The baseline approach of count data models is a Poisson regression model which better accounts for nonnegative and integral data than for instance the ordinary least squares regression model. If the dependent variable is subject to overdispersion – the variance exceeds the mean – the negative binomial regression model (NEGBIN) is preferable, as it permits this difference (Cameron & Trivedi, 1998). We tested for overdispersion as described in Cameron and Trivedi (1998) and include the alpha values from the NEGBIN estimation in the results tables – significant alphas indicate overdispersion. Moreover, if the dataset contains many zeros (“zero inflated” or ZI) either Zero Inflated models or Hurdle models can deal with this. The Vuong statistic is proposed as a test statistic for zero inflation. It is distributed as standard normal with a critical value of 1.96, i.e. a value of more than +1.96 favours and less than -1.96 rejects the ZI Negbin model (Greene, 2002). According to the results of the Vuong Statistic we estimated ZI Negbin models and NEGBIN hurdle models. The ZI NEGBIN models include an additional estimation term for the realisation “zero” of the dependent variable. The Tau statistic shows whether this term is significantly different from zero; if it isn’t, the regular, non ZI-adjusted NEGBIN model would be more appropriate. Two different distributions can be assumed for the Tau part of the estimation: the logistic or the normal distribution. We estimated both alternatives and chose the one that performed better.

The nominal explanatory variables in the dataset – country, academic discipline, type of affiliation, gender, level of recognition – were included as [0, 1] coded dummy variables, e.g. the “Germany” variable has the value “1” for all German cases and “0” for all cases from other countries. As is standard econometric practice, one of the variables in each group was left out. This variable is the reference category (and expressed in the value of the constant together with the reference categories of the other dummy variables). For instance, among the country variables, the variable identifying cases from Denmark was excluded from the estimations and the values of the country dummy variables have to be interpreted in relation to the Danish responses.

Results and discussion

Out of the 456 scientists in the sample for which the URL of their personal homepage could be retrieved, 208 (45.5%) did not have any hyperlinks pointing to their homepage; 291 (63.7%) did not receive any inlinks from other domains (external/domain inlinks) and 276 (60.4%) did not receive any inlinks from within their own domain (internal/self-links). Recall that the link counts from Google are only a sample of the full number and hence underestimate the total number of links that exist. In particular, the total number of scientists without links to their home page is probably significantly lower than 45.5%. The maximum number of inlinks are: 127 (total), 119 (from other domains) and 103 (from within the domain). On average, 2.3 internal, 2.5 external and 4.8 overall inlinks point to the homepages in the sample. Internal and external inlinks are correlated: the Spearman-Rho correlation coefficient is 0.36 (of course, internal and external inlinks also both correlate with the total). If all internal site links were created for navigational reasons then we would expect a correlation of zero between internal links and external links, assuming that external links are rarely created for navigational reasons (e.g., ensuring that users can navigate from the home page of a site to its other pages) and that the existence of internal links does not influence external links. The correlation suggests that a significant proportion of internal links are created for similar reasons to external links. Alternative explanations are also possible, however, such that scholars attracting more links are more likely to be in richer universities with larger, more organised (hence more interlinked) web sites. 

The importance of homepage content for links 

It is only logical to expect that some content of a homepage is more relevant and thus triggers more inlinks. Table 2 shows different types of content of scientists’ homepages and the link statistics differentiated by whether this content was present on the homepages or not. The mean link figures are clearly higher for scientists who include full text papers or hyperlinks to those on their homepages. Moreover, including descriptions of past and/or current projects seems to have a slight positive effect on link numbers. Though the hyperlinks figures are higher if publication lists and addresses to other researchers are included, the statistical tests don’t confirm this. Therefore, and in particular because the homepages usually included several of the requested content types, a multivariate analysis is necessary to single out the individual effects of the different types of content. We did not compare counts of links from web pages (outlinks) with links to them (inlinks). Previous research suggests that these two might correlate (Thelwall, 2003b). It seems logical that pages with many links are valuable as portals or hubs (Kleinberg, 1999), and hence would attract more links. We plan to develop method to investigate this in a future study.
Table 2: Inlinks to the homepages of scientists by the content of these pages

	
	Internal inlinks
	External inlinks
	Total inlinks

	All scientists
	2.3 (0.3)
	2.5 (0.4)
	4.8 (0.6)

	Biographical information (BIOGR)

	Included on the homepage
	2.5 (0.4)
	2.4 (0.4)
	4.9 (0.7)

	Not included on the homepage
	1.7 (0.4)
	2.9 (0.8)
	4.6 (1.0)

	Cases
	455
	455
	455

	F-statistic/Z-value
	0.83/-1.09
	0.32/-0.12
	0.03/-0.53

	Description of the fields of interest and expertise (INTEREST)

	Included on the homepage
	2.5 (0.4)
	2.4 (0.4)
	4.9 (0.6)

	Not included on the homepage
	1.2 (0.4)
	1.8 (0.7)
	3.0 (0.9)

	Cases
	455
	455
	455

	F-statistic/Z-value
	0.70/-0.94
	0.24/-0.98
	0.69/-0.84

	Past and/or current R&D projects (PROJECT)

	Included on the homepage
	2.6 (0.4)
	2.8 (0.5)
	5.4 (0.7)

	Not included on the homepage
	1.3 (0.3)
	1.3 (0.3)
	2.6 (0.4)

	Cases
	455
	455
	455

	F-statistic/Z-value
	2.54/-1.75+
	2.95+/-1.96*
	4.41*/-1.86+

	Publication list (PUBLIST)

	Included on the homepage
	2.5 (0.4)
	2.6 (0.5)
	5.0 (0.6)

	Not included on the homepage
	1.0 (0.3)
	1.9 (1.0)
	2.9 (1.1)

	Cases
	455
	455
	455

	F-statistic/Z-value
	1.95/-2.13*
	0.27/-1.88+
	1.42/-2.32*

	Full text papers or hyperlinks to such (PDF)

	Included on the homepage
	3.8 (0.7)
	3.9 (0.7)
	7.7 (1.1)

	Not included on the homepage
	1.1 (0.2)
	1.3 (0.3)
	2.4 (0.3)

	Cases
	455
	455
	455

	F-statistic/Z-value
	15.43**/-5.21**
	12.58**/-5.18**
	22.67**/-5.79**

	Addresses of other researchers and institutions (ADDRESSES)

	Included on the homepage
	2.6 (0.6)
	3.1 (0.7)
	5.7 (1.0)

	Not included on the homepage
	2.1 (0.4)
	2.0 (0.3)
	4.1 (0.6)

	Cases
	455
	455
	455

	F-statistic/Z-value
	0.63/-2.26*
	2.09/-1.87+
	2.06/-2.24*


Arithmetic mean (standard error in brackets)

F-statistic: ANOVA procedure; Z-value: Mann-Whitney-U-Test

Significance levels ** < 0.01, * < 0.05, + < 0.1.

Source: SIBIS R&D survey, authors.

The multivariate models in Table 3 relate all types of content at once to the inlink counts. The proposed tests show that overdispersion and zero inflation are indeed problems in the dataset. Therefore NEGBIN is preferred over the Poisson regression model. As the Vuong Statistic is close to the significance level, both regular NEGBIN and zero inflated NEGBIN models are presented. For self links and total links the Vuong Statistic slightly misses the significance threshold of 1.96. Hence, the regular NEGBIN models have to be assumed most appropriate. For external links the Vuong Statistic identifies the Zero Inflated Model as the appropriate one. The b-values shown in Table 3 are the estimates of the regression coefficients (how much the presence of the content type recorded by the variable increases inlink counts) and the t-ratios are the ratios of these coefficients and the estimated standard errors.

Table 3: Inlinks to the homepages of scientists by the content of these pages

	
	Self links
	External links
	Total links

	
	NEGBIN
	NEGBIN, Z.I. normal
	NEGBIN
	NEGBIN, Z.I. normal
	NEGBIN
	NEGBIN, Z.I. normal

	Variable
	b
	t-ratio
	b
	t-ratio
	b
	t-ratio
	b
	t-ratio
	b
	t-ratio
	b
	t-ratio

	Constant
	-0.14
	-0.30
	0.36
	0.98
	0.62
	1.21
	0.98
	2.58**
	1.01
	2.60**
	1.30
	4.37**

	BIOGR
	-0.16
	-0.57
	-0.09
	-0.42
	-0.61
	-1.87+
	-0.51
	-2.00*
	-0.43
	-1.73+
	-0.34
	-1.72+

	INTEREST
	0.03
	0.07
	0.05
	0.13
	-0.45
	-0.83
	-0.26
	-0.62
	-0.16
	-0.39
	-0.08
	-0.24

	PROJECT
	0.01
	0.03
	0.05
	0.22
	0.60
	1.77+
	0.48
	1.76+
	0.33
	1.31
	0.28
	1.31

	PUBLIST
	0.44
	1.13
	0.34
	1.15
	-0.08
	-0.18
	-0.07
	-0.22
	0.06
	0.18
	0.05
	0.21

	PDF
	1.18
	5.16**
	0.97
	6.04**
	1.15
	4.67**
	0.98
	5.07**
	1.14
	6.02**
	0.97
	6.75**

	ADDRESSES
	-0.06
	-0.27
	-0.04
	-0.32
	0.19
	0.75
	0.16
	0.90
	0.09
	0.51
	0.07
	0.61

	Alpha
	4.10
	9.55**
	2.02
	8.49**
	5.17
	9.53**
	2.54
	8.95**
	3.06
	11.52**
	1.70
	10.40**

	Tau
	
	
	-0.36
	-4.11**
	
	
	-0.30
	-3.72**
	
	
	-0.38
	-6.19**

	Log-L
	-769.43
	-764.56
	-748.78
	-744.22
	-1049.20
	-1049.20

	Rest Log-L
	-1752.34
	
	-1959.63
	
	-2885.61
	

	Vuong Stat.
	
	1.90
	
	2.29*
	
	1.85

	Cases
	455
	455
	455
	455
	455
	455


b: estimated coefficient; t-ratio: quotient of estimated coefficients and standard errors. See Table 1 for variable descriptions.

Significance levels ** < 0.01, * < 0.05, + < 0.1.

Source: SIBIS R&D survey, authors.

All models clearly show that the existence of full text or hyperlinks pointing to full text (PDF-variable) significantly increases internal and external inlink counts. For external links there also seems to be a positive effect of project descriptions (PROJECT) and a negative effect of biographies (BIOGR). However, it seems unlikely that biographies on homepages deter inlinks, but perhaps a biography alone is not sufficiently interesting to justify a link to a page. 

The role of personal characteristics and institutional factors
If we distinguish the inlinks by country, we obtain significant differences for internal, external and total inlinks (Table 4). In the UK and Switzerland the homepages have the highest mean total inlink counts of 7.8 and 7.6; Denmark and Germany follow with around 6 inlinks overall per scientist’s homepage. Ireland and Italy have rather low figures with 2.3 and 1.9 inlinks per homepage. Internal (from within the domain) and external (from other domains) inlink numbers are usually fairly close, except for Switzerland where more than two times more external than internal links point to the scientists’ homepages. 

Table 4: Internal, external and total inlinks to the homepages of different groups of scientists

	
	Internal inlinks
	External inlinks
	Total inlinks

	All scientists
	2.3 (0.3)
	2.5 (0.4)
	4.8 (0.6)

	Country (in which the respondents work)

	Switzerland
	2.3 (0.5)
	5.2 (1.5)
	7.6 (1.8)

	Germany
	3.3 (0.8)
	2.6 (1.1)
	5.8 (1.5)

	Denmark
	3.3 (1.5)
	2.8 (0.8)
	6.2 (1.9)

	Italy
	0.8 (0.1)
	1.1 (0.3)
	1.9 (0.3) 

	Ireland
	1.3 (0.4)
	1.1 (0.3)
	2.3 (0.6)

	UK
	3.6 (1.1)
	4.2 (1.1)
	7.8 (1.9)

	Cases
	456
	456
	456

	F-statistic/Chi square
	2.51*/19.75**
	2.75*/31.96**
	3.65**/36.44**

	Scientific discipline

	Astronomy
	1.4 (0.3)
	2.3 (0.6)
	3.7 (0.8)

	Chemistry
	1.0 (0.2)
	1.0 (0.2)
	2.0 (0.3)

	Computer science
	5.7 (1.3)
	5.7 (0.9)
	11.3 (1.7)

	Psychology
	1.3 (0.3)
	0.6 (0.2)
	1.9 (0.4)

	Economics
	2.9 (0.9)
	3.0 (1.3)
	5.9 (1.8)

	other disciplines
	0.5 (0.2)
	1.8 (1.1)
	2.3 (1.1)

	Cases
	453
	453
	453

	F-statistic/Chi square
	5.84**/56.15**
	4.75**/67.20**
	8.49**/78.40**

	Type of organization

	University
	2.4 (0.4)
	2.5 (0.4)
	4.9 (0.6)

	Non-university research institute
	1.5 (0.4)
	1.5 (0.6)
	3.0 (0.8)

	Cases
	447
	447
	447

	F-statistic/Z-value
	0.70/-0.98
	0.82/-1.31
	1.28/-1.47

	Gender

	Male
	2.4 (0.4)
	2.8 (0.4)
	5.2 (0.6)

	Female
	1.9 (1.0)
	0.9 (0.3)
	2.8 (1.0)

	Cases
	455
	455
	455

	F-statistic/Z-value
	0.28/-2.25*
	3.48+/-3.36**
	2.39/-3.01**

	Age group

	35 and younger
	3.5 (1.6)
	2.9 (0.8)
	6.4 (2.1)

	36 to 50
	2.3 (0.5)
	2.7 (0.6)
	5.0 (0.8)

	51 and older
	1.9 (0.3)
	2.2 (0.5)
	4.0 (0.7)

	Cases
	453
	453
	453

	F-statistic/Chi square
	1.21/1.27
	0.30/3.28
	0.96/1.37

	Recognition

	Very low recognition
	1.8 (0.3)
	3.2 (1.3)
	5.0 (1.4)

	Low recognition 
	2.4 (0.7)
	1.5 (0.4)
	3.9 (0.8)

	Medium recognition
	3.3 (1.1)
	3.1 (0.7)
	6.5 (1.5)

	High recognition
	1.8 (0.3)
	2.2 (0.4)
	4.0 (0.6)

	Cases
	456
	456
	456

	F-statistic/Chi square
	1.14/0.67
	1.19/2.13
	1.19/0.86


Arithmetic mean (standard error in brackets)

F-statistic: ANOVA procedure; Chi-square: Kruskal-Wallis-Test; Z-value: Mann-Whitney-U-Test

Significance levels ** < 0.01, * < 0.05, + < 0.1.

Source: SIBIS R&D survey, authors.

The differences between scientific disciplines are even more pronounced: computer scientists’ homepages receive by far the most inlinks, on average each 5.7 internal and external inlinks and 11.3 overall. On average 5.9 inlinks point to the economists’ homepages, and 3.7 to astronomers’ homepages. Chemists’ and psychologists’ on average receive only 2 inlinks. 

Neither the type of organization with which scientists are affiliated (university versus non-university research) nor their age or level of recognition seem to cause significant variations in the hyperlink counts. Gender influence is also insignificant at the 5% level. However, for external inlinks the error probability of a significant difference is only 0.063 – with male scientists having on average 2.8 external inlinks and female scientists 0.9; so there is possibly a real difference.

In addition to these relationships we also calculated correlations between a scientist’s research productivity and inlink statistics. For research productivity the number of publications was used – separating between journal articles, working papers, chapters in books, monographs, reports, and conference presentations – in a two-year period. Very small positive correlations were found between external inlinks and the number of working papers and between total inlinks and the number of conference presentations. The number of reports written by a scientist is negatively correlated to all inlink indicators, but the correlations are again at a very low level of r = 0.10. There may be disciplinary factors that explain these results, such as the importance of conference presentations for computer scientists and of books in the humanities (Fry & Talja, 2004).

Different variables that reflect the size and the structure of scientists’ collaboration networks were used to explore the relationship between inlinks and collaboration. However, the results are disappointing because none of the collaboration variables – assessed in survey questions by the typical number of co-authors and (alternatively) the number of collaborators from different types of organizations at national and international levels – were related to the inlink data. A correlation existed between the number of national collaborators and internal inlink counts but it was very small. However, as a number of correlation calculations will always produce a significant result just by chance, little meaning is attributed to this finding.

In order to obtain a more robust picture of the relationship between personal characteristics, institutional factors and inlink counts, multivariate statistical models were also developed with the inlink statistics as the explained variable and using the other data for explanatory variables. Again, the test statistics point to significant overdispersion (alpha value) and to zero inflation (Vuong stat. and Tau). So, the results from the Negative Binomial Models with an additional correction for zero inflation are shown in Table 5. 

Table 5: Explanation of inlinks to homepages through personal characteristics of the homepage owner (Negbin, Z.I. normal models)

	
	Internal inlinks
	External inlinks
	Total inlinks

	Variable
	b
	t-ratio
	b
	t-ratio
	b
	t-ratio

	Constant
	1.65
	2.89**
	1.99
	3.56**
	2.53
	5.59**

	Germany
	-0.04
	-0.15
	-0.23
	-0.98
	-0.15
	-0.71

	Switzerland
	-0.51
	-1.15
	0.14
	0.40
	-0.25
	-0.72

	Italy
	-1.04
	-3.69**
	-0.87
	-3.31**
	-1.03
	-4.72**

	Ireland
	-0.95
	-2.88**
	-0.73
	-2.25*
	-0.98
	-3.46**

	UK
	-0.05
	-0.17
	0.14
	0.50
	-0.04
	-0.16

	Non-university research org.
	-0.19
	-0.50
	-0.49
	-1.89+
	-0.32
	-1.23

	Univ. of Applied Sciences
	0.18
	0.13
	-0.42
	-0.49
	0.00
	0.00

	Other Organization
	1.14
	1.41
	1.53
	2.13*
	1.43
	2.51*

	Astronomy
	-0.51
	-1.26
	0.27
	0.83
	-0.34
	-1.06

	Psychology
	-0.49
	-1.92+
	-0.66
	-2.64**
	-0.73
	-3.56**

	Computer science
	0.69
	2.63**
	0.90
	3.19**
	0.75
	3.65**

	Chemistry
	-0.83
	-2.67**
	-0.61
	-2.59**
	-0.93
	-3.78**

	Other discipline
	-1.38
	-3.52**
	-0.28
	-1.09
	-0.70
	-2.67**

	Gender
	-0.09
	-0.37
	0.57
	2.26*
	0.14
	0.83

	Age
	-0.04
	-0.39
	-0.18
	-2.04*
	-0.09
	-1.12

	Very low recognition
	0.32
	1.15
	-0.07
	-0.31
	0.21
	1.10

	Low recognition
	0.21
	0.76
	-0.53
	-2.36*
	-0.17
	-0.82

	Medium recognition
	0.40
	1.41
	-0.22
	-0.99
	0.07
	0.31

	Collaboration network
	-0.01
	-0.47
	-0.11
	-2.75**
	-0.05
	-1.97*

	No. of journal articles 2001-02
	0.02
	1.04
	0.00
	0.23
	0.02
	1.19

	Alpha
	1.10
	5.77**
	2.43
	8.59**
	1.13
	8.37**

	Tau
	-0.26
	-3.24**
	-0.71
	-3.88**
	-0.38
	-6.11**

	Log-L
	-681.71
	-663.79
	-936.76

	Vuong Statistic
	3.12**
	2.83**
	3.15**

	Cases
	423
	423
	423


The reference categories for the dummy variables which are reflected in the Constant are: females, economists, respondents from Denmark, university scientists, highly recognised respondents. 

b: estimated coefficient; t-ratio: quotient of estimated coefficients and standard errors

Significance levels ** < 0.01, * < 0.05.

Source: SIBIS R&D survey, authors.

The country comparison shows two groups of countries: Denmark (included in the constant, see the explanation in the data and methods section), Germany, Switzerland and the UK with more inlinks and Italy and Ireland with significantly less inlinks. The differences between organisations are small; only homepages from scientists in the supplementary category “other organisations” received more external and total links than university scientists. The findings for academic disciplines also indicate a clear division: the homepages of computer scientists have the highest inlink counts, both from internal and external sources. Homepages of economists (in the constant) and astronomers come next, with no significant difference between both disciplines. Only a few links point to homepages of psychologists and chemists compared to the other disciplines. Interestingly, the latter differences get smaller if we include a control variable for the existence of full text on the homepage (the PDF-variable shown in Table 3, the estimation results for the augmented estimation are not shown in Table 4). Hence, the low link counts to chemists’ and psychologists’ homepages can to some extent be explained by a lack of link-worthy content. Another explanation for the low link data to chemists’ and psychologists’ homepages – which also applies to the links to pages of Italian and Irish scientists – is the differing level of web use, which is generally lower in the latter countries and disciplines (see Barjak, in press).

The other listed variables have no explanatory power for internal links, but some of the results for external links are noteworthy. First, there seems to be a gender effect: more links point to the homepages of male scientists. This finding is robust and does not change if we take the control variables for homepage content into account. It might reflect the weaker position of women in science (European Commission, 2003b). Second, we find a small age effect, with older scientists receiving fewer external inlinks. Again, a lack of interesting content like research papers on the homepages of older scientists partially explains this. Third, high recognition also correlates with relatively more inlinks. Still, this effect is not very strong and the difference between scientists with the highest and the lowest rank (“very low recognition”) is insignificant. Fourth, scientific productivity does not have a significant separate effect on inlinks. In addition to the shown variable (journal articles in a two year period), other output variables like conference presentations, working papers, and book chapters were also used; but they did not bear any relevance, neither individually nor in combination. Given the results at other organisational levels, this is somewhat surprising. However, an explanation could be that in the case of prolific scientists the links don’t necessarily point to the homepage, but directly to the results pages themselves, whenever they are provided on the web; this would be consistent with the research productivity model (Thelwall & Harries, 2004a). Fifth, the estimated effect of the size of the collaboration network on inlinks is negative, and not positive as expected. It is also robust: experiments with variables that stand for parts of the collaboration network (external, national, or foreign collaborators) gave similar results (not shown in the table). This is quite hard to explain, as we would expect that scientific collaborations are also reflected on the Web and that scientists receive links from their collaboration partners. One possible explanation could be that scientists with large collaboration networks and many research projects also have larger web presentations and that links don’t point to the homepage but to more specific project-related pages. However, this is just a very speculative hypothesis that cannot be verified with the available data. 

Conclusions

The present paper investigates which factors determine the web impact of scientists’ personal homepages and in particular the roles of different types of homepage content and several personal and institutional characteristics of the homepage owners. It is based on survey data and data from the web from 456 scientists at public research organisations in five scientific disciplines and six European countries.

The analysis related the web impact of scientists’ personal homepages to the content of these homepages and the scientists’ personal and institutional characteristics, with both found to be significant. The most linked-to content is clearly full text, e.g. journal articles, discussion papers, draft manuscripts, conference presentations or any other type of text that elaborates on the research done. Scientists who want to raise their online visibility should include this type of content. According to what is known about search engine algorithms (Brin & Page, 1998; www.searchenginewatch.com/webmasters/rank.html), more inlinks also help to move a page upwards in search results lists. This should lead to another positive visibility effect.

Several personal and institutional characteristics of the homepage owners partially account for the number of inlinks to their pages. There are national and disciplinary differences which are of the same magnitude for internal inlinks from within the domain and external inlinks from other domains. They reflect differing development levels of web use and to some extent a lack of content that is sufficiently interesting to cause the creation of a hyperlink. These problems cannot be targeted easily by policy measures: if science policy makers want to raise the impact of their scientific communities on the web, they have to take into account that field-specific communication conventions and work practices, and the overall integration of the Web into information spaces are important influencing offline factors (Kling & McKim, 2000).

This is the first study that identifies a gender bias in inlink data. This gender bias is presumably a reflection of the overall weaker position of women in science. Because the web impact is an indicator for online visibility, we can suppose that it reinforces this weaker position. The negative age effect on external inlinks is on the one hand a consequence of the content on older scientists’ homepages; on the other hand it is not really a cause for concern, as older scientists are usually more established, having other means of securing their visibility (e.g., Merton, 1968). 

The results for both productivity and the size of collaboration networks need a more detailed exploration. Since universities and departments get more links if they are more productive, the same could be expected for the parts of the whole: the individual scientists’ homepages. However, our analysis did not corroborate this expectation. Moreover, the negative effect of many R&D collaborators on external inlinks was unexpected and puzzling. A more detailed analysis is required to investigate both issues. Ideally it should be based on more than homepages and include the entire web presence that can be attributed to a scientist. This would avoid a loss of links to project pages and publications for active scientists and should reflect their “virtual self” much better than the mere homepage available in our dataset.

Finally, although this study has produced some important new findings, it has also shown the complexity of the phenomenon of academic links and the impossibility of finding simple characterisations of their usage. Nevertheless, given the importance of the web and hyperlinks as embedded components of the science communication system (at least in some disciplines), links remain an important and intriguing phenomenon.
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