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Abstract:
All text is ephemeral. Some texts are more ephemeral than others. The web has proved to be
among the most ephemeral and changing of information vehicles. The research note revisits
Koehler's original data set after about 20 years since it was first collected. By late 2013, the
number of URLs responding to a query had fallen to 1.6% of the original sample. A query of the
6 remaining URLs in February 2015 showed only 2 still responding.
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Article:
Introduction
It is well established in the professional literatures that web documents undergo significant
“decay” and change. Most papers address web document inaccessibility (e.g., Hennessey & Ge,
2013; Rumsey, 2002; Russell & Kane, 2008; Strader & Hamill, 2007; Taylor & Hudson, 2000;
Tyler & McNeil, 2003; Wagner, Gebremichael, Taylor, & Soltys, 2009). Relatively few have
been concerned with content changes to those documents (e.g., Bar-Ilan & Peritz, 2009; Oguz &
Koehler, 2011; Payne & Thelwall, 2007, 2008a, 2008b). This research note reexamines the URL
data harvested as research for a master’s thesis and a number of articles published by one of the
two authors of this note. The data were originally identified and collected in 1995 (Koehler,
1997). The dataset was re-examined on several occasions (Koehler, 1999a, 1999b, 1999c, 2002)
and findings were reported most recently in 2004 (Koehler, 2004).
Koehler (1999a) showed that web documents underwent two forms of change. The first form,
and by far the more explored, is the erosion, decay, or disappearance of links. The second is
labeled “omega” or “ω” as a measure of change in content. This note reports both the 2015 status
of the dataset both in terms of URL responses to queries and to content change or “ω.”
Webpage Decay
The data analyzed beginning in 1995 were derived using a random URL generator (Koehler,
1997). The sample generation methodology is described in the 1999 JASIS article. The sample
purports to represent the web at that time in a limited way. It captured a sample not inconsistent
with the published distribution of then existing generic (g) and country code (cc) top-level
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domains (TLD). Since 1995, the number of gTLDs has increased from five to over 400. In
1995, all 360 URLs in the selected sample responded to a query. By late 2013, the number of
URLs responding to a query had fallen to 6, or 1.6 percent of the original sample. A query of the
6 remaining URLs in February 2015 showed only 2 still responding. This research note helps
establish, therefore, a limit to the viability of a generalized study of links.
To determine web document viability, each original URL of the dataset was pinged. The Internet
Assigned Numbers Authority (IANA) codes were collected. The IANA (2014) provides a list of
codes that indicate the status of the URL. A 200-code indicates a viable link. All other code
responses suggest a decayed link. The most common of these are the 404-code, file not found.
All responses were rechecked including the 200- and 404-codes. In this collection, of the 106
URLs returning a 200-code, all but 6 were found to be invalid in 2013. Of these 6, only two
remained in 2015. A number of URLs responded with a 301-code, moved permanently. These
too on examination, were found to be defunct.
Most other studies of link decay address specific literatures or disciplines. For example, Rhodes
(2010) reports link decay over three-year period for online legal and policy materials. Markwell
and Brooks (2003) demonstrate link decay in the biology literature. Russell and Kane (2008)
found a decline of link reliability over time for history materials. Wren (2004) found significant
link decay in the medical literature. Goh and Ng (2007) showed meaningful decay in web
citations in information science journals. This research note helps establish, therefore, a limit to
the viability of a generalized study of links. Additional work can contribute to the definition of
the limits of specific datasets.
A number of studies have reported decay rates or half-lives for web document collections. For
this collection, Koehler (2004) reported a half-life of about 2 years. More specialized collection
half-lives vary between about 1.4 years (Rumsey, 2002) for legal citations to 24.5 years for
digital library objects (Nelson & Allen, 2002). Given reported web document half-lives it is
none too surprising that the number of “extant” web documents in 2015 is two. These data and
the findings of others continue to reinforce the conclusion that the longevity of web document
collections or citations to web based materials is problematic at best.
Change
Web document changes are well recognized but perhaps under reported. Change manifests itself
in major as well as subtle ways. We have all witnessed anecdotal change. During the monitoring
of these data through 2004, Koehler (2004) found that one site underwent frequent change. That
change was limited to the resizing of a graphic on the page. In another instance, a hypertext link
imbedded in a teaching document at one time resolved to a discussion of web document
cataloging. Over time it had morphed into a pornographic site.
A number of algorithms have been developed to assess “content change.” For the 1999 article
(Koehler, 1999a), “byteweight” was collected and compared to prior URL assessments. Bytes
per web page were reported by the software employed to collect the data for the original article.
These data were collected weekly. A change in the number of bytes reported was interpreted as
a change in content. Any amount of change was considered to have a value of one (1). If the
byteweight stayed the same, no change value of zero (0) assigned. Frequent and periodic
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byteweight changes over time (t) were noted and reported.
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A number of other approaches to content change have been developed. IANA status code 304
“Not Modified” can be used to check whether a page has been updated since last time it was
scanned (Fielding et al., 1999). However the support for this status code is limited especially
with the increased use of content management systems, blogging software, and other databasedriven applications to develop web sites. The use of checksum is another approach to detect
change (Cho & Garcia-Molina, 2000). Checksum is a hash value generated based on data
content of a file and is commonly used for error detection. Use of checksums is an improvement
over file size as the latter would fail to detect change if a word or character is replaced with
another one at identical length.
Oguz and Koehler (2011) proposed the use of the cosine similarity (Baeza-Yates & RibeiroNeto, 1999) to measure change. However, change in Web document content may focus on a
particular type of content or topic. Payne and Thelwall (2007, 2008a, 2008b) looked at a specific
type of Web document content, hyperlinks, and how they changed over time to identify general
trends in academic Web sites. Bar-Ilan and Peritz (2009) found that while the number of Web
pages containing a particular term increased, a large of number of Web pages were no longer
exist from earlier years in their study of evolution of a topic on the Web.
For this research note, changes to web sites were assessed by inspection. Copies of the original
web pages were downloaded, printed, and saved in 1995. When the extant remaining 6 webpages
were examined in 2015, all were found to have undergone substantial change by visual
inspection. Therefore the entire dataset had undergone change, either through decay or
modification.
Conclusion
From the analyses of the original dataset of 360 URLs as well as the work of others, web
documents are inherently unstable. This instability occurs in two important ways. Web sites
demonstratively cease to exist over time. Web sites are almost certain to undergo change as well.
Information scientists are therefore advised not to rely on the Web for even short term archiving
or reference.
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