Substance without Citation: Evaluating the Online

Impact of Grey Literature®
David Wilkinson, Pardeep Sud, Mike Thelwall
Statistical Cybermetrics Research Group, SchoolTethnology, University of
Wolverhampton, Wulfruna Street, Wolverhampton W\LY 1UK.
E-mail: m.thelwall@wlv.ac.uk
Tel: +44 1902 321470, Fax: +44 1902 321478
Keywords: Grey literature, web impact, webometrics.

Abstract

Individuals and organisations producing information knowledge for others
sometimes need to be able to provide evidenceeovdtue of their work in the same
way that scientists may use journal Impact Facaois citations to indicate the value
of their papers. There are many cases, howevem wiganisations are charged with
producing reports but have no real way of measutteyy impact, including when
they are distributed free, do not attract acadectations and their sales cannot be
tracked. Here, the Web Impact Report (WIRe) is psagl as a novel solution for this
problem. A WIRe consists of a range of web-derigéatistics about the frequency
and geographic location of online mentions of agaarsation’s reports. WIRe data is
typically derived from commercial search engindsisTarticle defines the component
parts of a WIRe and describes how to collect armlyae the necessary data. The
process is illustrated with a comparison of the wepact of the reports of a large UK
organisation. Although a formal evaluation was cartducted, the results suggest that
WIRes can indicate different levels of web impaetvween reports and can reveal the
type of online impact that the reports have.

Introduction

Performance metrics are widely used in organisatitmindustry, for example, there
are numerous metrics of three kinds: input, outpntl process (Geisler, 2000)
although for most businesses the ultimate metries @erhaps profitability and
predicted future profitability. For organisatiorsat produce information, knowledge
or cultural artefacts, however, profit is not alwaielevant or the most important
indicator of success. For example publishers mayntc@rofits as of primary
importance, but authors may value total sales endgeipt of literary awards above
author royalties alone. Similarly, artists may refyon revenues from sales of their
work but regard exhibitions in prestigious gallsrag prizes as their primary goals. In
academia, profit seems rarely to be a primary cdamation because researchers
typically give away their work to conferences anourpals without charge.
Nevertheless, in recent times, governments in ncaoytries have increasingly asked
for evidence of value for money in terms of sodietgact (Bornmann, 2013).

There seem to be currently three key types of atdrs for researchers’ work:
income generation, citations, and peer review. UstAalia, scientists are primarily
judged and rewarded by their ability to attracteemal funding (Butler, 2003). In The
Netherlands and the Post-2007 UK Research Excell&namework, researchers in
some areas of science are judged partly on the atatghich their work attracts
citations (Bence & Oppenheim, 2004; Moed, 2005)ati@ins, or citation-related
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journal Impact Factors, have also been used by gtheernments (e.g., China, Spain,
Finland). In New Zealand and, for a considerabieetithe UK, peer review has been
used to rate researchers in order to target govarthmoney at the most successful
(e.g., http://www.ref.ac.uk/). Sometimes, howevarpwledge workers are asked to
produce outputs for the public domain in non-acadeformats that cannot be
effectively measured using citation counts. Thfsrimation could be in the form of a
free online or paper report, for instance (Jeff@@00). Examples include most public
service reports, such as those identifying and eatwng healthy lifestyles, those
recommending new business strategies or styles,tfamgk producing background
information of wide value, such as the Oxford Intdr Institute’s Internet usage
surveys (e.g., Dutton & Elsper, 2007). The reponey be produced by individual
researchers or small groups of researchers a®parfunded research project or by
specialist organisations on a contract basis, ase@mpirica GmbH or Idea Consult,

or may be produced by government organisations aas qf a wider remit, for
example the National Endowment for Science, Teduland the Arts (NESTA)
business innovation strategy publications. Althowghite papers seem not to be
valued and there does not seem to be any publrglsedrch about how to assess them
(other than using traditional citation analysis fesearch-related white papers), they
are significant in some contexts. For example,raesuof 141 marketing managers in
large UK computer service companies found that 8884 the grey literature (mainly
from the web) but only 2% read marketing journ&sr{nett, 2007).

The reports described above may be targeted igparded audience (e.g., the
general public, entrepreneurs) for which it is eassy to find direct indicators of
uptake or impact. To illustrate this, it would rm reasonable to evaluate a report
advocating healthy lifestyles by whether healtlnky became more widespread after
the report because of the multiple other influensesultaneously operating (e.g.,
unhealthy food advertising campaigns). It can als@xpensive to evaluate behaviour
changes in the public and whilst controlled expernits or surveys are often used for
this (Lefebvre & Flora, 1988), these can be inappate, particularly for reports
aimed at generating awareness or advocating naoip&rchanges. The same is true
for all except the largest advertising campaigmseai at changing public behaviour
(i.e. social marketing). In addition, advocacy peditions can be useful as part of a
long term strategy even if they have no measurepbliey impacts (Baumgartner,
2007).

In this article the Web Impact Report (WIRe) i®mposed as an indicator to
help evaluate the impact of reports for which thdiance is primarily non-academic.
This does not include academic preprints (Gentdddg Mele, Brooks, 2010), for
which citations are probably adequate. The undaglgissumption is that counting the
number of times a report is mentioned on the wely gige useful, albeit partial,
information about its impact. An important advamagf WIRes is that they are
relatively inexpensive and hence can be conduateddically as part of an on-going
monitoring process. For example a WIRe could balgoted annually to identify the
most successful publications produced by an org#ais during the previous year.
Assuming that an organisation’s reports are noigdes to have an online impact, a
WIRe will be an indirect indicator and most valuakthen used in conjunction with a
range of other indicators, such as newspaper nentio

The idea of measuring web impact is not new: drentWeb Impact Factor
was coined by Peter Ingwersen (1998) for metricgeetdaupon counts of links to a
collection of web pages. In addition, other authbese evaluated the impact of
academic journal articles through various onlineasueements (Kousha & Thelwall,



2007; Vaughan & Shaw, 2003), the impact (looselgagmg) of authors online

(Cronin, Snyder, Rosenbaum, Martinson, & CallahB®98) and the spread of an
issue online (Thelwall, Vann, & Fairclough, 200@Yyevertheless, no previous
research has set out and evaluated a method fonagisiy the impact of non-

academic reports (e.g., white papers, online magazor newsletters, promotional
leaflets) using online methods. This task is venyilar to web issue analysis except
that there is a need for a comparative approadndar to deliver a more convincing
impact evaluation, and that less information abthw context of the online

invocations of the report or campaign is needed.

Web Impact Reports

The goal of a Web Impact Report (WIRe) is to evedudne web reflection of a

collection of documents, whether published onlimeofiline. This is achieved by

identifying and characterising in various ways ¢imine mentions of these documents
in three different ways: Web location, topic, ancnge. Some of these

characterisations can be conducted automaticalhgreas others require a human
classifier. The proposed steps are listed belowettmy with explanations and

justifications.

1. Lists and counts of web pages citing the documents

The most obvious way of constructing an online gathbr for a document is to count
the number of web pages that mention it. The siatplay to do this is to construct a
guery that matches the document and record Goobie’'sount estimate for this
query. The query could be a phrase search for toeirdent title if it was unique
enough to never occur in other contexts. For ndguentitles, compound queries
must be constructed so that virtually all matchesmaentions of the document (i.e., a
high precision query). These compound queries wstdd with the document title
and include some other information likely to be trmmed almost always alongside
the document, such as its authors or the nameeobtfanisation publishing it. In
some cases this is not possible — particularlydflmuments with short titles, without
attributable authors and published by organisatwite widely used names (e.g.,
NESTA'’s “Hidden innovation” report).

This Google hit count estimate is a quick and $&mpay of getting very
approximate impact estimation for a collection otdments but the reliability and
information content of the results can be subsaliptimproved. Instead of hit count
estimates, complete lists of matching URLs can litained. This is an improvement
because the hit count estimates can be unrelidlelwall, 2008; Uyar, 2009) and
because additional information can be extracteoh fdRL lists, as described below.
Full URL lists can be extracted from the resultgggmmanually but this can be time-
consuming so the use of software like Webometrialgst (http://lexiurl.wlv.ac.uk)
is recommended to automate this although this prags only able to use Bing. A
problem arises if there are more than 1,000 redwdtsause search engines never
return any results after the 1,800 he “query splitting” technique has been designed
to resolve this issue by automatically constructiegv queries to retrieve additional
results (Thelwall, 2008). This is available in Wetwmiric Analyst. Individual search
engines cover only a fraction of the web and ss tecommended to combine the
results of at least two search engines in orderetoa more comprehensive list. This
may not be practical because it requires manualhen of results for search
engines other than Bing that do not allow automatierying.



Once lists of URLs of pages matching the docuntiélet queries have been
constructed as above then these URL lists can beegsed to give more robust
statistics than URL counts. More specifically,sithietter to report counts of matching
web sites than counts of matching web pages (Thiel2@09). This is because there
are many reasons why a single action could reswdtdocument being mentioned on
multiple pages within a web site. For example,dbeument could be mentioned in a
report that is available in both PDF and HTML fotmaor the document could be
mentioned in a single blog entry but the entry dooé accessible by an individual
post URL and a URL for a blog archive page contgjrall posts for a single month.
There are two ways in which the web site of a URh be easily and automatically
identified: by the full domain name or by the se+fevel domain name ending (e.qg.,
wlv.ac.uk for the University of Wolverhampton besauall of its domain names end
in .wlv.ac.uk). The latter, called site-level in lbanetrics terminology (Thelwall &
Wilkinson, 2008), is only recommended in cases wheRLs come from many
different domain names but these domain namesnatigiwithin a few large web
sites. This is most likely to occur if a documestsomehow adopted by a large
organisation, like a university, and mentioned @i&atly on its constituent mini-web
sites (e.g., for departments). Hence, the mostogpiate indicator of online impact
for a document is usually the number of unique domames in the list of URLs of
matching pages.

Some additional information can also be extraétech the domain names of
the URLs of matching pages; their top-level domdinisDs). For TLDs associated
with countries, this can give a useful indicator tbe international spread of a
collection of documents. This is not a strong iathe because very common TLDs
like com, net and org give no indication of thegors of the domain name.
Nevertheless, if TLDs are extracted from long listsdomain names then it seems
reasonable to infer that a document mentioned greater range of country code
TLDs is more likely to have a wider internationapact.

2. Content analysis

Whilst the counts of web sites and TLDs discusdeava give impact indicators that
are simple and easy to compare between documhbaisgive no idea about why the
documents were mentioned online or about how thesewased. To fill this gap, a
random sample of pages should be visited, readlasdified so that the main reasons
can be summarised and reported. The sample sheultkbn with a maximum of one
per domain name because the main impact measurasexd on counts of domain
names. The classification scheme should be conetrusductively, perhaps starting
with an initial list of relevant classes and expagdthe list to incorporate new
unanticipated contexts. The classes and genresldshmu chosen to reflect the
objectives of the investigation as well as the sypepages found online (Neuendorf,
2002; Wilkinson, Harries, Thelwall, & Price, 2003).

3. Research citation index

The web pages that mention a document may vampoitance. For example, a page
could be a catalogue for an online book shop, wlhahk little value in terms of

indicating interest. In contrast, another mentioightibe a citation in an academic
journal article or a carefully-prepared importamvgrnment report, both of which

may have considerable value for indicating impAsta result, it is useful to separate
out and give special treatment to the citing or tie@mmg documents that have the
highest value. There is a simple way to identisample documents that are likely to



have higher value than average: their file formatportant documents are often
published online in PDF format and academic docusiare sometimes also posted
as word processor files. Hence, it would be usefulidentify a collection of
documents that is likely to have a higher proportad high quality content than
general web pages. For this, instead of manudligriig the full list of matching
URLs from part 1 above, new type-specific seardbesVord, PDF, open document
format or other types can be conducted first tostoict a list of high value
documents (e.g., adding filetype:pdf, filetype:dditetype:docx or filetype:odf to
each original search). If the organisation belietlest other high value types of
document may tend to be published online in HTMiorfat then it may be possible to
conduct additional searches for these by addingtiaddl keywords to the basic
searches for them (e.g., “syllabus” to focus ondana@c course descriptions) to
narrow down he results to appropriate types of dua.

The document type searches will produce a lisgRLs of citing documents
and a count of these URLs could be reported asampdicators but it would be
better to conduct additional filtering first to imgwe the results. This can be achieved
by constructing a list of the key information froeach one, such as its title and
authors, and then using this list to eliminate ohapés. This approach, although
manual and time-consuming, is necessary becausg ardpanisation may publish
several important citing documents on their webé s it would be desirable to count
each document separately. In addition, importapbms are sometimes reposted
elsewhere on the web and so it is useful to eliteiriae reposted copies from the
statistics. Finally, and perhaps most importaritig,research citation index produced
as a result of this is a list of the most importdatuments citing the set studied, so
the complete list is of value for the document omsrie browse in order to quickly get
an idea of the main sources of impact of their work

Case study: NESTA

This section describes a WIRe commissioned by NESA®ich funds innovative
ideas, researches innovation and attempts to ppmobvation in the UK. One of its
strategies to tie the latter two together is tolishba series of reports. These include
commissioned short “provocations”, which are parafshthat discuss an idea and
seek to be provocative. For example, “Beginningthet Beginning” by Anthony
Sargent and Katherine Zeserson was designed tomieraand challenge the
traditional place of creativity in UK society”. NH8 also produces more substantial
research reports which are published in the formlagsy pamphlets. One example is
“Total Innovation”, which, “examines why harnessitig hidden innovation in high-
technology sectors is crucial to retaining the UKigovation edge”. All these
pamphlets are published and distributed free asgutidocuments and/or are made
available on the NESTA web site, which also of@short summary of each one.

NESTA requested twice-yearly web impact reportdterdocuments (and its
web site) to assess their impact. Without webomrtrihe only practical way to
assess the impact of the documents would be tot ¢tbemumber of times they were
mentioned in newspaper articles (e.g., via Lexisblesearches, Cronin & Shaw,
2002). Since media coverage tends to coincide mputilication launches, web reports
gave the potential to track impact over the lorigem, to get some idea about how
the reports were received and to find out about timndeas were being used.

The first NESTA WIRe was based upon twenty docusipablished in 2006-
7. Searches were constructed for all of these abthi#ted to Google, Yahoo! (now
owned by Microsoft and merged with Bing) and Liveag&h (now Bing) via



Webometric Analyst. The results were combined andhrsarised, also using
Webometric Analyst. Since the queries were not gévable to generate a high
proportion of correct matches for document mentitims additional step was taken to
check a random sample of up to 50 URLs from differdomains and to count the
number of correct matches. The proportion of carreatches thus found was then
used as a correction factor to multiply the origifigures and hence to give an
estimate for the total number of correct matchessteown in Table 1. This checking
process was not straightforward in the case ofrepert,Hidden Innovation, because
NESTA held a conference with the same name anastwot always clear whether a
mention of the term referred to the document orcthrd@erence.

Table 1. Anonymised results from search engineigsiéor 20 NESTA
documents (March, 2008).

Report | URLs matching Web sites Incorrect Estimated
aquery for the | (domains) of URLs matches in a number of web
report matching a query random sample sites correctly
for the report of up to 50 web mentioning the
sites report
1 488 137 20% 110
2 44 25 5% 24
3 3 1 0% 1
4 23 5 0%
5 16 6 20% 5
6 65 33 3% 32
7 99 42 17% 35
8 8 3 0% 3
9 75 25 4% 24
10 2502 285 46% 154
11 35 7 17% 6
12 48 16 6% 15
13 353 75 32% 51
14 77 16 20% 13
15 72 18 22% 14
16 26 8 20% 6
17 123 33 33% 22
18 306 116 86% 17
19 503 107 57% 46
20 554 67 86% 10

Table 1 shows a wide divergence in the apparennerimpact of the NESTA
documents. In addition to the core web site cotatissic (by domain name) and the
TLD count statistic, the number of URLS, websitey lomain level ending) and
second or top-level domains (STLDs) are also reposince these give some extra
information. A private mini-web site was also consted to give NESTA full access
to complete lists of URLSs, sites, domains, STLDd dhDs in case they wanted to
check the results or to visit some of the pages.

A content analysis was conducted by a single rekea(the last author). This
showed the importance of blogs and government ssufeew pages were critical of
NESTA and so the impact is mainly positive. Thessification was not cross-
checked by a second researcher due to cost caorisfriiwas a relatively expensive



part of the report because of the human time needed following results were
obtained.

» Government (37%) Government departments and gowartifunded
organisations.

* Press or blogs (24%) Online newspapers and onlemsions of offline
newspapers, unless the newspaper is specific tongany or affiliated to an
academic organisation (e.g., regional researchnfhrudncludes all blogs,
whether written by journalists, professionals @& ¢feneral public.

» Academic source (18%) University or other similarademic institution,
including research-only government and non-prefearch institutes.

* Non-profit (11%) Any other organisation.

* Industry (8%) Commercial organisations.

Figure 1 breaks down the sources of mentions farh edocument from the
classification exercise. The spread of types ofr@si of link is quite even across
most of the different reports, with press or bldig@tion appearing in all, and most
attracting some kind of university interest.
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Figure 1. Anonymised sources of mentions of NES©Auinents (predicted from the
324 classified), documents listed in chronologaraer of publication.

The final main aspect of the report, dubbed the N&EEitation Index, was a list of
Word and PDF documents mentioning any of the 20 NESIocuments. The
rationale behind this decision was that NESTA wdrggidence of the intellectual
impact of their documents but typical web pagesi@drsimple mentions rather than
detailed analyses and the Web of Science gavestecitations to be useful, perhaps
because of the normal time delay for citation ceuAn investigation of web pages
mentioning a sample of NESTA documents found thatrhost detailed discussions
tended to be found in PDF or Microsoft Word docuteeffhis included white papers
from various organisations, MA and PhD theses, tagtnical reports. A restriction



to searching for just Word and PDF documents tbeeeprobably captured most of
the more substantial discussions of NESTA repants r&duced the total number of
matches so that they could all be manually ched&edelevance. In retrospect, the
searches should also have included other docuraenats, such as ODF, however.

The PDF and Word counts are summarised in Figureogether with a
classification of document type. This classificatisas necessary due to the presence
of online PDF regional newsletters that eitheelilsa report or briefly discussed it but
did not analyse it to the same extent that mostralbcuments did. The main NESTA
citation index, a complete listing of all differdADF and Word citing documents, was
placed online in a private web page.

Citing research documents
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Figure 2. Anonymised research documents, whitergagred presentations citing the
NESTA reports — excluding all NESTA-authored pudions and presentations.

The NESTA citation index was useful to demonstratstantial impact for the
NESTA documents. In contrast to the data repomeBigure 2, only three citations
were found to NESTA documents via searches in Go8gholar and the Thomson-
Reuters Web of Science. This demonstrates the \aluke WIRe for this type of
document because NESTA did not want to wait sewgrats to get more reasonable
academic citation counts — due to publication dglagveral years would be needed —
and because during the study it became clear teatnatural home for NESTA
citations was in the grey literature rather thaagademic publications.

Conclusion

The Web Impact Report is an attempt to apply weltdoeechniques to measure the
impact of a type of document that previously setmisave been evaluated using only
press mentions. This takes advantage of both the vange of types of material on
the web and the increasing tendency to post PDsiores of research reports, white
papers and similar documents online. The absenanodnline equivalent of the
Science Citation Index necessitated the use ofistens to identify web pages citing



or mentioning the documents analysed and consi#getabman effort to check the
results and to classify the matches. Overall, tbsults were able to find new
information in terms of the discovery of a range amintexts in which NESTA
documents were mentioned. This information providssful feedback to NESTA
authors and managers. It is not possible to be whether the impact figures are
reasonable or reliable impact estimators, howeéyezause there is no established way
to assess the impact of these kinds of documentsandl remains a management
decision as to whether the results are regardéxtiag important or not. A corollary
of this is that it is difficult to provide convinaog evidence of the value of a WIRe,
which is a limitation of the current paper. In pautar, this research has not formally
evaluated WIRes in any specific context with anglgative or quantitative measure,
however, and so their validity in any context ikoown.

In conclusion, the WIRe is a new type of evaluatioat scientometricians can
conduct as a service to large organisations thialighureports and documents online
and who seek evidence about the impact of theskcptibns.
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