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Abstract

Purpose ‑ Link analysis is an established topic within webometrics. It normally uses counts of links between sets of websites or to sets of websites. These link counts are derived from web crawlers or commercial search engines with the latter being the only alternative for some investigations. This paper compares link counts to URL citation counts in order to assess whether the latter could be a replacement for the former if the major search engines withdraw their advanced hyperlink search facilities.

Design/methodology/approach ‑ URL citation counts are compared to link counts for a variety of data sets used in previous webometric studies.

Findings ‑ The results show a high degree of correlation between the two but with URL citations being much less numerous, at least outside academia and business.

Research limitations/implications ‑ The results cover a small selection of 15 case studies and so the findings are only indicative. Significant differences between results indicate that the difference between link counts and URL citation counts will vary between webometric studies.

Practical implications ‑ Should link searches be withdrawn then link analyses of less well linked non-academic, non-commercial sites would be seriously weakened, although citations based on email addresses could help to make citations more numerous than links for some business and academic contexts.

Originality/value ‑ This is the first systematic study of the difference between link counts and URL citation counts in a variety of contexts and it shows that there are significant differences between the two.
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Introduction

Link analysis is a broad term used for investigations based primarily upon counting or analysing hyperlinks to or between a set of websites. For instance, many information science studies have assessed whether counts of links to academic websites could be used to measure the impact of the owning organisation’s research (Thelwall and Harries, 2004), or whether counts of links to journal websites or individual online articles could be used as an indicator of online impact (Smith, 1999). Hyperlink analysis has also been used for topics as diverse as politics (Adamic and Glance, 2005; Park, 2003), sociology (Rogers, 2005), physics (Barabási, 2002) and computer science (Henzinger, 2001).

Hyperlink investigations have sometimes used web crawlers to visit specific areas of the Web (e.g., UK university websites) but more commonly have used advanced link search queries in the commercial search engines Google, AltaVista, AllTheWeb, Yahoo or Bing (formerly Live Search) (Bar-Ilan, 2004). Of these, essentially only one is still usable. Google only allows restricted link searches and deliberately reports only a small fraction of the results. Bing/Live Search withdrew its link searches in March 2007 (Seidman, 2007). Yahoo, AllTheWeb and AltaVista all still work (as of November 2009) but have merged and give very similar results derived from the same crawl database and so effectively only Yahoo remains. When Microsoft took over Yahoo in mid 2009 this created the possibility that Yahoo’s link searches would be phased out to align it with Bing. This would be a serious problem for link analysis because certain types of link analysis would become impossible, particularly those analysing links to sites from anywhere in the Web (Thelwall, 2004).
Although no general alternatives to link counts have been proposed for academic websites, two main alternatives have been proposed for online journal articles: URL citations and text searches. An URL citation is a mention of the URL of a web page in another page, whether or not it is accompanied by a hyperlink. In other words an URL citation is an URL visible to a web page visitor but is not necessarily clickable. Searching for web pages mentioning URLs or parts of URLs has also been previously discussed outside academia[1] but without naming the concept. URL citations have the advantage that they can be identified using standard queries rather than advanced link search queries and can therefore be calculated by any search engine. Although URL citations are numerous enough to be useful for online academic journal article impact assessments (Kousha and Thelwall, 2006, 2007) no previous study has assessed their prevalence across a range of types of website, comparing them to link counts. This paper fills this gap so that if link searches are withdrawn from Yahoo then the implications of switching to URL citation searches will be known. The other alternative to link counts, text searches, are queries for articles using text-based methods such as phrase searches for article titles (Vaughan and Shaw, 2003). This paper focuses only on URL citations, however, as these are, in principle, more general: applicable to any context in which links could be counted. In summary, this study uses sets of URLs and/or domain names from a range of different webometric studies and compares the counts of links to them with their URL citations, as reported by Yahoo.

Research questions

This research is an initial investigation to begin assessing the extent to which URL citations could be used as an alternative to link counts for webometric research. In particular, the following broad questions drive the investigation.
· Are URL citation counts sufficiently numerous in all webometric contexts to be used as a substitute for link counts?

· Are URLs with path information following the domain name rarely used for URL citations in comparison to links?

The second research question relates to the need to use different advanced search queries depending upon whether an URL contains a path component, as described below. Note that although there has been much research showing that search engine hit count estimates can be unreliable in many different ways (Bar-Ilan and Peritz, 2004; Mettrop and Nieuwenhuysen, 2001; Thelwall, 2008; Uyar, 2009) and search engines do not index the whole web (Lawrence and Giles, 1999), the current paper is only concerned with the estimates returned by search engines and not the actual number of pages matching the search and available on the public web.
Methods

The research questions are too broad to be fully answerable with empirical evidence and so the overall approach is to conduct a set of illustrative experiments and to use the results to ground a discussion of the likely answers to the research questions.
Each experiment is based upon a set of URLs or domain names used as part of a webometric study at the University of Wolverhampton. This choice was made in preference to an artificial collection of random URLs because it reflects types of URL collections used in webometric research. The use of different sets thus follows the hypothesis that the extent of use of URLs in websites will vary greatly by website type or topic, and so it is necessary to test different sets separately. Three additional data sets were added, however, denoted by a star*, to cover additional types of data set of relevance to the study. The following data sets were used:

· Bengali ‑ URLs of Bengali websites mentioning the Mumbai attacks.

· BLnews – URLs of web pages linking to a British Library newspaper archive collection.

· Chem* – The Dmoz.org Business/Chemicals/Diversified Manufacturers category.

· ChemW* – As for Chem but appending www. to the canonical domain name.

· EUunis – canonical domain names of European universities identified in the year 2000 (without any initial www.).

· EUunisW*– As for EUunis but appending www. to the canonical domain name.

· Hindi ‑ URLs of Hindi websites mentioning the Mumbai attacks.

· LifeSci – URLs of pages linking to European life science research groups, as extracted for the NetReAct project.

· MySpace – URLs of pages linking to social network site MySpace.

· RAI – URLs of pages linking to the Italian news portal www.rainews24.rai.it

· Spaces – URLs of pages linking to Microsoft Live Spaces blogs.

· Religion – Domain names of blogs mentioning a major religion. 1,000 were randomly selected from an initial set of 59,367.

· RuDe – URLs of websites used by Russians living in Germany.

· Urdu ‑ URLs of Urdu websites mentioning the Mumbai attacks.

· ZigZag ‑ URLs of websites linking to the BBC World Service Trust ZigZagMag online magazine. These are mainly Persian discussing news, politics and culture and the set includes many blogs. 1,000 were randomly selected from 7,849.

For each URL in the data sets, site inlink counts were estimated using Yahoo advanced link searches as follows. If the URL contained only a domain name then the linkdomain search command was used to identify all pages linking to anywhere in the website (e.g., linkdomain:www.wlv.ac.uk –site:wlv.ac.uk). If the URL also contained file or other path information then a link search command for links only to the individual page was used instead (e.g., link:www.wlv.ac.uk/home.htm –site:wlv.ac.uk).
For each URL in the data sets URL citation counts were estimated in Yahoo! using its API in LexiURL Searcher. For a URL u with website domain name s the http:// was removed from u and then the search used was “u” –site:s. The quotes around the URL ensure that the segments of the URL are matched together and the –site:s part ensures that only web pages outside the hosting website are included. The former is an innovation for the current study but the latter is standard webometric practice.
Note that for some types of URL the URL citation search has a slight mismatch with the link search. For URLs with path information but not a filename, such as www.wlv.ac.uk/computing/ the link search link:http://www.wlv.ac.uk/computing/ -site:wlv.ac.uk matches links only to the exact URL www.wlv.ac.uk/computing/. In contrast, the URL citation search "www.wlv.ac.uk/computing/" -site:wlv.ac.uk matches this URL and all URLs starting with http://www.wlv.ac.uk/computing/ such as http://www.wlv.ac.uk/computing/databases/. Most links seem to target website home pages and so this mismatch is likely to normally have minor repercussions but the issue would be significant for large websites with deep directory structures, such as dmoz.org.
Results and discussion

Table I reports the results of the link and URL citation searches, showing that the correlation between the two is highly significant and positive in all cases. The remaining statistics include only results for which one of the two was non-zero. In cases where both URL citations and links are not found, it seems likely that neither exist. Although this data could be left in Table I, it would result in inflating the apparent agreement between URL citations and links for data sets in which there were large numbers of zeros in the results and hence the figures would not fairly reflect the extent of agreement when there was at least a possibility of disagreement. In addition, if both values are zero then the ratio between them is undefined and so the ratio column medians could not be calculated.

Table I. Yahoo Citations (YC) compared to Yahoo Links (YL) for data with at least one non-zero value. The searches were conducted on 26 September 2009.

	Data set
	URLs
	YC vs. YL

Spear-man’s rho*
	URLs with YC>0 or YL >0 
	YC/YL median: All URLs 
	YC/YL median: URLs with path**
	YC/YL median: URLs without path**
	With vs. without path (Mann-Whitney p value)

	EUunis
	668
	.929
	668
	3.477
	- (0)
	3.477
	-

	Chem
	264
	.832
	264
	1.478
	- (0)
	1.478
	-

	EUunisW
	667
	.850
	664
	1.083
	- (0)
	1.083
	-

	ChemW
	264
	.855
	264
	0.978
	- (0)
	0.978
	-

	RuDe
	95
	.714
	93
	0.686
	2.680 (2)
	0.686
	0.509

	LifeSci
	446
	.803
	278
	0.5
	0.5
	0.846 (36)
	0.005

	Bengali
	400
	.732
	128
	0.332
	0
	1.005
	0.000

	MySpace
	956
	.721
	967
	0.278
	0.151
	0.387
	0.000

	Urdu
	400
	.532
	122
	0.131
	0
	0.571
	0.006

	Spaces
	981
	.848
	865
	0.106
	0.068
	0.161
	0.000

	RAI
	984
	.795
	572
	0.103
	0.054
	0.207
	0.000

	BLnews
	200
	.736
	79
	0.077
	0.206
	0.027 (4)
	0.627

	Hindi
	400
	.603
	144
	0.034
	0
	0.32
	0.000

	Religion
	1000
	.772
	824
	0.017
	- (0)
	0.017
	-

	ZigZag
	1000
	.436
	422
	0
	0
	0.024 (19)
	0.000


*All significant at the p=0.01 level.

**Numbers in brackets are sample sizes, indicated when a low proportion of the overall set.
The YC/YL median column shows that there is a great difference between data sets in the URL citation figures compared to the link count results. Whilst for the majority of data sets there are fewer URL citations than link counts, the reverse is true for EU universities and the chemical companies. In the former case this may be because the universities’ domain names are relatively short but also shows that URL citations are very common in academia. URL citations seem also to be reasonably common for business websites. An inspection of the results suggested that many of the URL citations in the EUunis group were email addresses. This was possible because the university domain names used omitted any initial “www.” and only contained the generic domain name ending for each university (e.g., wlv.ac.uk rather than www.wlv.ac.uk). Yahoo’s algorithm could then match this curtailed domain name to email addresses (e.g., m.thelwall@wlv.ac.uk). An email address is not an URL and therefore “URL citation” is a misnomer for data that includes email addresses but an email address is nevertheless arguably a type of citation as it points to the organisation employing the individual owning the address. The lack of email in the EUunisW and ChemW groups is probably the reason for the lower ratios compared to the EUunis and Chem groups respectively.
The last three columns of Table I show that in most cases there is a significant difference between the ratio of URL citations to links for URLs depending upon whether the URL has a path. The test is only non-significant in cases where there are less than five values in one of the two groups. When significant, the difference is that there is a higher ration median for URLs without a path than for URLs with a path. It seems therefore that URL citations are relatively less common when the URL has a path. This seems to be a logical explanation because an URL with a path would be long and may not fit well into the text of a web page or may be less useful to copy. Alternatively, however, it may be that Yahoo has more difficulty to identify URL citations for URLs with a path component. Recall that URL citation searches are more generous than link searches and so the difference in matching algorithms cannot explain the lower number of matches for the former.

The main limitation of this investigation is the restriction to 15 case studies. The fact that the results differ widely between cases highlights this factor. In consequence, it is not possible to predict the impact of switching to link analysis to URL citation analysis for any particular future study; although the results suggest that outside academia there will tend to be about a tenth as many URL citations as hyperlinks. Moreover, although all of the correlations between link counts and URL citation counts are positive, the same may not be true in other cases. Finally, this study has not analysed the impact on the outputs of link analyses (e.g., network diagrams, link creation motivation classifications) of a switch to URL citations and so despite the positive correlations between link counts and URL citation counts, they may still produce different findings in practice even when there is enough data for both to be feasible.
Conclusions

The results suggest that URL citations are likely to be less numerous than links in webometric studies of non-academic spaces. The shortfall depends upon context but for most of the data sets included there was less than one URL citation for about every ten links. For these examples the difference may be sufficiently serious – reducing the median to zero in several cases ‑ that there would be too few URL citations for most webometric purposes, except perhaps for identifying the most important websites or web pages.

The shortfall caused by a switch from links to URL citations can be partly redressed in cases involving domain names alone by omitting the initial “www.” part of any website so that the URL citation search also includes email addresses associated with the domain. For academic websites and the chemical companies this resulted in an increase in the number of citations identified, but this method probably only works for main domains having their own email addresses (e.g., whole universities, large government organisations or businesses) but not for subdomains (e.g., university departments or research groups, blogs, or personal websites hosted by internet service providers).
In conclusion, if Yahoo and its affiliates withdraw their advanced hyperlink queries so that URL citations would have to be used instead of links for many studies, then this would seriously undermine the power of link analysis, by a factor of about ten, except for academic spaces. This would probably mean that only very large scale link analyses and academic link analyses could be sustained. This would be a serious threat to webometrics since even recent academic link analyses have tended to focus on the relationships between academic and non-academic websites. The gap could be partially filled by studies using web crawlers, but these are only useful for analyses of the links from or between specified sets of websites (Thelwall, 2004), whereas the links to websites from the rest of the web are often the most interesting.
Notes

1. http://www.searchenginepromotionhelp.com/m/articles/link-popularity-improvement/googles-link-command-improved.php (accessed 31 August 2004)
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