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Abstract. In a previous paper we provided guidelines for scholars on optimizing
research dicles for academic search engines such as Google Scholar. Feedback in the
academic community to these guidelines di@serse Some wereoncerned

researchers could use our guidelines to manipulate rankings of scientific articles and
promote whatadweni ca lsle adTofind euhwdhetherehesep a mo .
concerns are justifiedve conducted several tests on Google Scholar. The results

show that academic search engine spanmdised and with little effor® possible:

We increased rankings of academidécées on Google Scholar by manipulating their
citation counts; Google Scholar indexed invisible text we added to some articles
makingpapers appear for keyword searches the articles were not relevant for; Google
Scholar indexed some nonsensical articlegandomly created with the paper

generator SciGen; and Google Scholar linked to manipulated versions of research
papers that containeViagra advertisement. At the end of this paper, we discuss
whether academic search engine spam could become a sbreatsoWeb-based
academic search engines.

Keywords: academic search engine spam, search engines, academic search engines,
citation spam, spamdexing, Google Scholar,

1 _Introduction

Web-based academic search engines sucitaSeer(X)Google
Scholar Microsoft Academic Seara@ndSciPlorehave introduced a
new era of search for academic articles. In contrast to classic digital
libraries such alEEEE Xplore ACM Digital Library, or PubMed Web
based academic search engines index PDF files of acaddiies
from any publisher that may lbeund on the Web.

Indexing academic PDFs from the Web not only afleasy and free
access to academic articles and publisheependent search also
changes the way academ@an make their articles availabtethe
academic community.
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With classic digital librariesresearchers have no influencegsiting

their articles indexed. They either have published in a publication
indexed by a digital libraryand then their article is auable in that

digital library, or they have not, anthen the article is not ailable in
thatdigital library. In contrast, researchers can influence whether their
articles are indexed Byeb-based academic search engines: they
simply have to put their articles on a website to gefrt indexed.
Researchers should have an interest in having their articles indexed by
as many academic search engines and digital libraries as possible
becauseths ncr eases the articlesd visibility
community. In addition, authors shouidt only be concerned about

the factthattheir articles are indexed, but alsberethey arerankedin

the result list. As with alkearch results, those that are listed first, the
top-rankedarticles are more likely to be read and cited.
Furthermorecitation counts obtained from Google Scholar are
sometimes used to evaludbeimpact of articles and their authors.
Accordingly, scientistsvantall articles that cite their articlde be
included in Google Scholar amdey want to ensure thaitations ae
identified correctlyln addition researchers and institutions using
citation data from Google Scholar should know holust and

complete the data is that they use for their analyses.

In recent studies we researched the ranking algorithm of Google
Scholar [Beel and Gipp (2009¢Beel and Gipp (2009aBeel and Gipp
(2009b)] and gave advice to researchers on how to optimize their
scholarly literaturdor Google ScholafBeel etal. (2010). We called

this methodAcademic Search Engine Optimizati(SEQO) and

defined it as

A €] the creation, publication, and 1
scholarly literature in a way that makegitsier for

academic search engines to both c¢crawl
[Beel etal. (2010}

The idea of academic search engine optimizati@omgroversialn the
academic community. Some researchers dipatescholars shdd be
concerned about ignd respond positivein various blogs and
discussion groups



Aln my opinion, being interested in |
search engines function and how scientific papers are

i ndexed and, of course, responding toc
circumstaces of the scientific citing business is just

nat ulGai (2040)

AASEO sounds good to me. | think ito:¢
[lan (2010)

AfSearch engine optimizmtion (SEO) hac:c
this internet era, but to use it in academic research, it

sounds quite strange for me. After reading this

publication [ é] [Mgskoqa®iOni on changed. O

AThis definit edReviewer€dlf) publ i shing

Others argue against ASEO. Some of the critical feedback included
statements like:

Al 6m not a big fan of this area of r
ités in the call for papers, but | t
[Reviewer4 (2009)

Al This] paper seems to encour
aut hors to |l earn Google schol
write papers accordingly to boost ranking [which is not]
acceptable to scientific communities which are supposed

to advocate true technical quality/impact instead of

r a n k [Revigwen2 (2009)
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Al é] on first impressions [ Academic ¢
Optimization] sounds | ike the stupide
heardd [Gunn (2010)

In our last papeiBeel etal. (2010) we concluded:

AfAcademic Search Engine Optimization
not be seen as a guide how to cheat with search engines.

It is about helping academic seh engines to

understand the content of research papers, and thus how

to make this content more availabl e.

However, the concern that-scientists mio¢
opt i mi z e 6 istatheast worthy oftinvestiatiofiherefore, we

reseached whetheacademic search engine speam be performed,

how it might be done, and how effective it is. For us, academic search

engine spam (ASES) ike creationmodification, or publicatioof

academic articleas PDF files and resources related® articles

specially constructed 0 i ncr eas e t hoeepusatiosorcl|l esd6 or au
ranking in academic search engines. Or, in short, the abuse of academic

search engine optimization techniques.

Initial results were published in a posfBeel and Gipp (2010) The

final results of our research are presented in this paper.

2 Research objective

The main objective of this study was to analyzerds#ienceof
Google Scholar against spam and to find out whetheotlmaving is
possible

Performing citation spam to increase rankings, reputgadioh
visibility of authors and their articles.

Perfornming content spam to make papers appear in more search
results, increasg their rankings and increiag author$®

publicafon lists.



Placing advertisement in PDFs.

In addition, we preserdur first ideas on how to detect and prevent
academic search engine spdrhe results will help to answer the
following questions in further studies

How reliabl e ar etionrZouatgahdesho8ld hol ar 6s ci t
they be used to evaluate researcher and article impact?

To what extent can the ranking of Google Scholar be trusted?

To what extent can the linked content on Google Scholar be

trusted?

3 Related work

To our knowledge, m studiesare available on the existence of spam in
academic search enginesaorhow academic search engine speould

be recognized and prevented. However, indexing and ranking methods
of Web-based academic search engines such as Google Scholar are
similar tothos ofclassicWeb search engines such as Godib

Search. Therefore, a look at related work in the field of clad&b

spam may help in understanding academic search engine spam.
MostWeb search engines raiebpages based on two factors,

namely theWeb page content and the amount (and quality) of links that
point to theWebpage. Accordingly\WWeb spammers try to manipulate
one or both of these factors to improve the ranking of their websites for
a specific set of keywords. This practice iscommonlykno as 61 i nk
spamé and O6content spamo.

Link spammers haveariousoptionsfor creatng fraudulent links. They

can create dummyebsitesthatlink to the website they want to push
(link farms), exchange links with other webmasters, buy links on third
partyWebpages, and post links to their websites in blogsther
resourcesMany researchemetecedlink spam[Gydngyi and Garcia
Molina (2005) Benczur etal. (2005) Drost and Scheffer (2005)

Fetterly etal. (2004) Benczur etl. (2006) Saito etal. (2007) Wu and
Chellapilla (2007)Gan and Suel (200[)

Content spammers try to make their welssiigpear more relevant for
certain keyword searelBthantheyactuallyare This can be

accomplished by taking content of ethwebsites and combining

di fferent (stolen) texts as 6énew cont ent




inaWebpage 6s t i1ALBEtags ofenagesanddy sext,or
creating doorway pages, and placing invisible text Uvedpage.

60l nvi s i bdllyemedangtext ithesame color as the background
or in layers behind theisible text. Again, much research has been
performed to identify content spdtdrvoy etal. (2006) Nathenson
(1998) Geng efal. (2008) Castillo etal. (2007).

A third type ofWebspam is duplicate spam. Here, spansrgrto get
duplicates of their websites indexed (dmghly ranked. Figurel

shows an example in which the three first results for a search query
point eventuallyto the same documerihe chance thaa Websurfer
would read thedocumentis higherthanif only one of the top rests

had pointed to this papefGoogleprovidesguidelines for webmasters
onhow to avoid unintentional duplicate content spa®milar
guidelines do not exist fdsoogle Scholar

G();_ ;8[@ |tagging academic papers Search | Advanced Search
Web [# Show options. Results 1 - 100 of about

HTO06. tagging paper. taxonomy, Flickr, academic article, to read

by C Marlow - 2006 - Cited by 372 - Related articles

In this paper. we provide a short description of the academic related work to date. We offer a
model of tagging systems, specifically in the context of ...
portal.acm.org/citation.cfm?id=1149949 - Similar

rorp HT06, Tagging Paper, Taxonomy, Flickr, Academic Article, ToRead
File Format: PDF/Adobe Acrobat - Quick View

HTO06, Tagging Paper, Taxonomy. Flickr, Academic Article,. ToRead. Cameron Marlow1,
Mar Naaman1, danah boyd1.2, Marc Davis1,2. 1. Yahoo! Research Berkeley ...
www.danah.org/papers/Hypertext2006_pdf - Similar

CiteULike: HT06, tagging paper, taxonomy, Flickr, academic article ...
Cameron Marlow, Mor Naaman, Danah Boyd, Marc Davis. In HYPERTEXT V06: Proceedings of
the seventeenth conference on Hypertext and hypermedia (2006), pp.
www.citeulike.org/user/jgrady75/article/816066 - Cached

Figure :Exampl e of dupl sBobhtesioeh Geegrebhsquery: O6tagging
paper sd)

AlthoughWebspammers are continuously adjusting their methods and
developing new techniques (e.g. scraper sites, page hijacking, social

1 Meta tagsare rarelyused by spammers since most search engines ignore meta tags due to
spam issues

2We do not claim that the authof the example papeilid duplicate spanit is likely that
Google was naable to identify the different pages as duplicates. However, this illustrates
whatduplicate spam might look like.

3 http://googlewebmastercentral.blogspot.cd®9/02/specifyyour-canonical.html
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media spam, Wikipedia spam, and gadget spam), overall, search

engires are capablef fighting Webspam quite well.

Since academic search engines rank scientific articlesimilarway

asWebsearch engines ratwebpages, academic spam can be divided

into the same categories\&&bspam: content spam, duplicate spam,

and link spamhoweveri n t he case of academic paper:
equal to o0déitation spam

4 Motivation

Researchers could be tempted to do academic search engine spam for
several reasonseputation, visibility, and ill will. We discuss these
reasms below.

4.1 Reputation

One reason researchengyht perform academic search engine spam
may be to increase citation counts of their articles and hemite@nce

their reputatioa Citation counts are commonly used to evaltlage
impact and performance tésearchers and their articles. In the past,
citation countsvere amassed by organizations such & Welbsof
ScienceDirect manipulatiorof Web of Scienceould be difficult as

ISI checks citations in 10,000 journals from the reference lists in those
journals from 1900 to the present (and throws out duplicate references
in a single article). Neverthelessgyme researchers asaid to

manipulae their citation counts with citation circles, inappropriate-self
citations, etc.

Nowadays, citation countsdm Web-based academic search engines
are alsausedfor impact evaluationsSoftware likePublish or Perish
andScholarometercalculate performance metrics such as impact
factor and hindex[Hirsch (2005), based on Gapl e Schol ar 6s citat.
counts, to assist in analyzitige impact of researchers and articles.
These impact measures may be used to supporg and grants
decisions.

We do not know to what extent these tools are used to evaluate the
performance of scidists. But several universities recommehablish

or Perishasanalternative toNeb of SciencgHarzing (2010) and

many scholarly papers use citation data from Google Scholar for their

4 http://harzing.com/pop.htm
5 http://scholarometer.indiana.edu
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analyss[Yang and Meho (2006Harzing and Vamer Wal (2008)

Kloda (2007) Bakkalbasi etl. (2006) Noruzi (2005) Meho and Yang

(2007) Bar-llan (2007) Harzing andvander Wai (2008)Kousha and

Thelwall (2008) Jacso (2008 Meho and Yang (2006 Moussa and

Touzani (2009) Some evaluations even take into consideration

download counts or theumberof realers[Patterson (2009)

Taraborelli (2010)

We believe that this kind of data will play an important iinlenpact
evaluations in the future. And the more these tools aé, tlse higher

the temptation for researchers to manipulate citation counts.

To increaseheir reputatiors and publication lisigesearchersight

alsotry to create fake papers agdtGoogle Scholar to index these

papersA 6f ak e pap e rcomestthat wab solelg cremtedy d o
for the purpose of manipulating citation counts, etc.

Researchers could try to modify articles by autlane are known in a

field, so that thaurticles reference the e s e a artickesor ap@ean

be co-authored byhe nefarious researchershen it would look as if an

aut hority cited the manipulating resear
authority ceauthored with the manipulating author.

Researchers are not the only ones al®evaluated by citation counts
organizationsuch as universities or journase evaluated the same

way andmight thereforeconsiderperforming academic search engine
spamto increase their citation count@ne publisher has already been
caught puttingoressure on authors to cite more articles fitsm

publicatons o i ncrease the impact factor of t
[Havemann (2009)

4.2 Visibility
Researchers could duplicairee of their owrarticles with enough

slight changeand publish it on the Welo make the article appear new
to Google Scholaif Google Scholar indeedit, theduplicate would
appear on Google Scholar as separate search result. Userdeould
more likely read one of these artictbsnif only one result poirgdto

the researchérs  wlde downside of this approach would be that

real citations would be dividemimongthe variousduplicates of the

article.

Most academic search engines offer features such as showing articles
cited by an article, or showing related articles to agiarticle.

Citation spam could bringhorearticlesfrom manipulating researchers



onto more of these list3.o do soan author could modify an already
published article by inserting many additional references to papers
related to the modified papekuthars of the cited papers would pay
attention to the modified article when they examine who is citing them
andreaders of the cited articles would more likely pay attention to the
citing article when they are searching for related work.

4.3 -Will

Reseachers might try academic search engine spamming just for fun,

or to damage ot hsby'gushing thdrarticeked r eput ati on
rankingsso obviously thathe other authorare identified as spamers

by academic search engireasd their articles are rewed from the

index On first glance, this idea might seem absurd. However, a similar
practice, called O0competitor click frauc
results. Here, companies generate clickaonc o mpet i t or 6s

advertisement to exhaust their budp#flbur and Zhu (2009)

Soubusta (2008)Podobnik efl. (2006) Hadjinian etal. (2006)

Gandhi efal. (2006]).

A similar techniquedeoptimizationis applied bysa&c al | ed Owebcar ed
teams. These teams try keepnegative remarks and negative publicity

about a companfyom showing up high on sear@mgine results. As a

consegence, only positive websites appear high in the result list.

4.4 Classic spam in academic articles

Classic noracademispammers could place advertisement in

manipulated academic articles to generate revenue or create malicious

PDF files to either attack e a dcemmpstdrs onttackthe search

enginesd6 servers themselves. Just recent
were attacked by hackers with malicious PDF fjisill (2010)].

S _Methodology

There arghree basic appezhes to academic search engine spam.

When creating an article, an author might plamasible textin
it. This way, the article later might appear more relevant for
certain keyword searches than it actually is.



A researchecould modify hisownorsone one el seds article
and uploadt to the Web. Modifications could include the

addition of additional references, keywaords advertisemest

A manipulating researcher could creabenplete fake papers

thatcite his or herown articlesto increase rankirgy reputation

and visibility.

Over the past year, we performed several experiments on Google
Scholar We placed invisible text in aarticle we published, modified
existing articlesand created several fake articles to testéisédience

of Google Schblar. The articles were uploadedvariouswelsites so
Google Scholar could index them. Articles were uploaded to our
private homepagdnttp://beel.orgour project website

http://sciploe.org the universitywebsite, http://ovgu.deand to the

social network websitesttp://mendeley.corhttp://academia.edand
http://researchgate.net

This paper should not be seen as a thorough experiment on how exactly
Google Scholar may be spammed. It is rather a case study anébproof
concept in which we perform various testow to spam Google
Scholar.

6 Results

6.1 Websites Google Scholar crasd

Google Scholar did not index our PDF files from mendeley.com and
researchgate.cagralthough other PDFs from those websites are

indexed by Google Scholar. PDFs from sciplore.org, beel.org and
academia.edu werindexed as well as PDFs fradheu ni v e Webi t y 6 s
space.

6.2 Spamming while writing a real article

While writing one of our real papef8eel and Gipp (209b)], and

before it was publishedve added words in white o to the first page
(seeFigure). In addition, we added several words in a layer behind the
original text (sed-igure). Finally, a vector graphja type of picture

that can be searched and is machine readalas,inserted. This vector
graphic was also placed behind the original text, and contained white
text in a tiny fontsize (sed-igure).
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The papethenwas submitted and eeptedfor a conference, published

by IEEE, and included inEEE Xplore We did not leiEEE know what

we were doing, and the invisible text was not discovekédut two

months after publication the paper was crawled and indexed by Google
Scholar which ncludedthe invisible text. That means users of Google
Scholar may find our article when they searchkieywords that appear
only inthe invisibletext

weight on citatton counts. In contrast, if a user
searches for articles from authors advancing a view
different from the majority, search engines putting
high weight on citation counts might not be
appropriate. googlexxx9431

Therefore, this paper deals with the question of
how Google Scholar ranks its results. The paper is
structured as follows. In the second section related
work about Google Schelar’s ranking algerithm is
presented. The third section cowvers the research

Figure 2: White text on white background (highlighted for illustration)

F 3] 4] tHe suitability to use Google Scholar’s citation
commgbeforeienlating bibliometric indices such as the

sindex [Sloand the reliability of Google Scholar as a
serious information source in general [6]. [7]. Google

eI IEEE1E phblishes only vague information about
ig J 9gggrithm: Google Scholar sorts “articles
o the way researchers do, weighing the full text of each
agtieHetha dlitlior the publication in which the article
a%ijg 'S, i r:::ften the piece has been cited in
other scholarly literature” [8]. Any other details or

faehEleEEFRATion 15 not available.
g‘)ﬁﬂﬁﬁﬁﬁsﬁ&oglei Scholar’s ranking algorithm has

o2 significant influen
read bv the scientific communitv. we could not find

Figure 3: Text in a hideén layer behind the original text (highlighted for illustration)

whereas the 1,050 search queries consisted of 3350

sind i rch
Vector granhic xxx: ====

first T, scarcil fefms were searChed in the full*text.
In the second run. search terms were searched in the
title.



Figure4: The tiny white text r i gslavecta graphih(leghlighted ct or

for illustration)

6.3Modifying an already published article

6.3.1Content modifications

We modified some articles we had already published and added
additional keywords (both visible and invisible) throughout the
document. Google indexed all modified PDFs and grouped them with
the original ones. That means users of Google Scholar may firel thes
modified articles when they search for the additional keywords. In
other words, researchers can make their articles appear for keyword
searches the original article would not be considered relevant for.
New keywords were also added to the PDF metadai&adind keyword

field). However, Google Scholar did not index the additional metadata.

6.3.2Bibliography modifications

In severakxistingarticleswe addedhew references to the
bibliography Some poinedto articlesthat were more recetitan the
original article. These modified articles were uploaded to the, Afeb
Google Scholar indexed all additional references. As a consequence,
citation counts and rankings of the cited articles increased.

That means researchers could easily increase citatiomscaueh
rankings of their articles by modifying existing artice@not
necessarily their own). This way a researcher could also increase
visibility of his articles. He could modify one of his own articles, add
references to the bibliographgnd the newl cited authors would then
probably pay attention to the article.

6.3.3Adding advertisemeist

We modified one articlgBeel and Gipp (209b)] and placed/iagra
advertisement in jtincluding a clickable link to the cosponding
website (se€&igure). After a few weeks Google Scholar indexed the
PDF file and grouped it with the already indexed files.

That means users of Google Scholar interested in the full text of our
researchwicle [Beel and Gipp (209b)], might download the
manipulated PDF containing the Viagra advertiseraadtwé if we
were real spammedscould generate revenue from the researchers
visiting the advertised website

graphic
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afgaritkm. f2 & also discassed why this might lead 1o 6
subapeing! ranting
1. Introduction

With mowadng e of academnic wearch engimes it

about ranking algerithms is essential. For instance, if
sewch sagne: comuidar bow offen 2 sewch term
occxs in an article’s full text, authors should we &6
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Figure 5: Viagraadvertisement placed on the first page of an article alitik to a website
sellingViagra

6.4 Publishing completely new papers

So far,we had modifiednly existing papers. Google Scholar already
knew t he ar b ttle dané authqgrfon mdtancd avhea it

was indexing the manipulated PDFs.

We alsomadeGoogle Scholar index papers that were nevgcially
published.

6.4.1Publishing nonsensical papers

Usingthe random paper generateiGen Stribling etal. (2005), we
createdsix random research papers. These papers consisted of
completely nonsensical text and bibliography. Only one real reference
was addedWe created homepage for a neexistent researcher and
offeredthe six created papers this homepage for download. The
homepage was uploadedtte WebspaceOvGU.de,and linked by one

of our own homepages, so the Google Schotawler could find it.
Although Google Web Search indexed the homepage and PDFs after
three weeks, Google Scholdid notinitially index the PDF files
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Google Scholar's Ranking Algorithm: The Impact of Citation Counts (An Empirical scienstein.org [PDF]
J Beel, B Gipp - Proceedings of the the 3rd ..., 2009 - doi.ieeecomputersociety.org

ABSTRACT Google Scholar is one of the major academic search engines but its ranking algorithm

for academic articles is unknown. In a recent study we partly reverse-engineered the

algorithm. This paper presents the results of our second study. While the previous study ...

Cited by 2 - Related articles - UC-eLinks - All 4 versions - Import into BibTeX
mocy A Case for Multicast Heuristics academia.edu [DOC]
T Smith - unt.academia.edu
The complexity theory method to sensor networks is defined not only by the analysis of hierarchical
databases, but also by the key need for evolutionary programming [1]. After years of robust research
inta the lookaside buffer [2], we show the refinement of consistent hashing. In order to ...
fiew as HTML - Import into BibTeX

Figure6: The randomly created article O60A Case
and uploaded to Academia.edu is indexed by Google Scholar and increased the citation count
ard r ankingartich our O6real o

We then uploaded one of the paperdtademia.eduAfter two

months Google Scholar indexed the paper fAmmademia.ed(see
Figure § and from the university website as welhd ranking of the
cited articles increased.

Apparently, Google Scholar has different trust levels for different
websiteslt indexes unknown articlesdm the trusted websitebut
indexes only known articles from untrusted websiteghis case,
academiaedu seems to lmonsidered trustworthy. Eaelnticle on that
platform is indexed by Google Schol#trappears thatrce an article is
indexed fromAcademia.eduotherPDFs of that article are indexed,
evenfrom websites Google Scholdoesnot consider tustworthy
6.4.2Nonsensical text as real book

Recently creategrint-onr-demand publishers such laslu,
CreatespaceandGrin can publisha book, including ISBNfree, within
minutes. We analyzed whethegmupof fake articles published as a
real bookwould be indexed by Google Scholar.

We created fourteen new fake articlehwsciGen[Stribling etal.
(2005). We replaced the nonsengibliographyof each articlavith

real references. We bundled the fourteeitlad in a single document
and published this document as a book with the publiSher[Beel
(2009). After a few weeks, the book was indexed by Google Books
and some weeks later by Google Scholar. All fourteen astede be
found on Google Scholar and their citationsdisplayed on Google
Scholar too That means citation counts and rankings of around a
hundred articles increasbeécausehe fourteen fake papers cited these

f

or
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articles. Also the (noexistent) authorare now listed in Google

Scholar.

6.4.3Publishing new articles based on real articles (duplicate spam)
In 2009 we published an article about how data retrieved from mind
maps could enhance search applicat[@ezl etal. (2009). It was

t i t Ihferrdatiod retrieval on mind mapswhat could it be goodbfr ? 6
We tookthisar t i ¢l e, ¢ h aindMags ahdindormatiort | e
Ret r iamdveplhcéd some references. The body text was not
changed. After uploading the atdédo the Web, Google Scholar

indexed it as a completely neasticle.

That means when users of Google Scholar searaimiod map8and
aGnformation retrievadthe result set displayot only the original

article, but themodifiedone as well (seEigure). Accordingly, the
probability that users will read the article increases.

Google scholar e omsior wreer S| Aesncs st sea
Scholar |Amcles and patents LI I anytime LI Iinclude citations LI
ror Information Retrieval on Mind Maps—What could it be good for beel.org [PDF]

.J Beel. B Gipp, JO Stiller - Proceedings of the 5th International Conference on ... - beel.org

... Many software tools exist to support the creation of mind maps [2. 3]. The probably most popular
ones are MindManager with about 1.5 million users [4] and FreeMind with about 150,000 ... After
presenting the ideas, the concept of information retrieval on mind maps in general ...

Cited by 2 - Related articles - View as HTML - All 6 versions - Import into BibTeX

A new way of information retrieval: 3-D indexing and concept mapping
J Ross - Learned Publishing, 2000 - ingentaconnect.cam
... It is suggested that such sophisticated information retrieval methods are required for the complex

and extensive electronic data sources and encyclopaedic-type titles now being compiled. Learned
Publishing (2000)13. 119123 Jan Ross ... Mind maps and concept maps ...

Cited by & - Related articles - BL Direct - All 2 versions - Import into BibTeX
ol Mind Maps and Information Retrieval beel.org [PDF]

J Beel. B Gipp, JO Stiller - beel.org

... 2, 3]. The probably most popular ones are MindManager with about 1.5 million users [4] and
FreeMind with about ... Document) Recommender Systems » Determining word relatedness After
presenting the ideas, the cancept of information retrieval on mind maps in general is ...
Related arficles - View as HTML - All 4 versions - Import into BibTex

Figure 7: Duplicates withidentical content butifferent titleare listed as separate search
results

Something similahappened witla book we published about rewarding
project team¢$Beel 2007). Google Scholar indexed the original print
version, which is also available on Google Badkhen we posted the
PDFon t he b o, dtkpdteamewabds.deGomgle Scholar
indexed it as a new articl®ifferences between the documergach
about 100 pages, are minimelowever, as-igureshows, Google
Scholar has misideni#fd the title. The correct title is on Google Books

OProject Team Rewards: Rewar ding

and

Mo t


http://team-rewards.de/

Teamd. ddewaPdDIFencorrectl y
Rewar dso.

eook) Project Team Rewards: Rewarding and Motivating your Project Team

J Beel - books.google.com

Copyright (C) 2007, Joran Beel Publisher CreateSpace LLC, Part of the Amazon.com

group of companies 100 Enterprize YWay, Suite AZ00 Scotts Valley, CA 95068 LISA
Author Joran Beel Zur Salzhaube 3 a 31832 Springe Germany First Edition ...
Related articles - lmport into BibTek

poF BEroject Team Rewards

J Beel - team-rewards. de

Please note that this boaok is freely available on www. project-team-rewards.com
but you are not allowed to reproduce it, offer it on your website, edit it etc.

-- the copyright notice on the next page still applies.

Related articles - Wiew as HTML - Import into BibTek

Figure 8: Multiple indexing of the same document

dent

As a consequee of this misidentification, both documents are
displayedfos ear ches pooj ebe t eather bewar dso
similar terms In addition, the cited articles all received two citations
because the original book and the PDF from the website weneeithde

separately

Based orthese results, it seems that Google Scholar is using only a
d o ¢ u me ntodissinguish do¢umentsf titles differ, documents

areconsideredlifferent.

6.5Miscellaneous

In our researclve sawsome issues that might be nedatin evaluating

Googl e Schol ar gpam andisirdliabilityfor citations a nd | e

counts.
6.5.1Value of citations

Google Scholar indexes documents other thanpeaewed articles.

For instance, Google Scholar has indexed 4P@ferPoint

preentationsand397,000Microsoft Worddocumentsit has indexed a
Master thesis proposttbm one of our student@nd probably many

proposals moreCitationsin all these documents are couritdtis
apparent that a citation fromPowerPointpresentatioror thesis

proposal has less value than a citatioa peer reviewed academic

6 The amount of indexed files of a certain type (e.g. ppt)dandtifiable via the search query

Afiletype:ppto

7 We took a sample of 10 presentations ticrosoft Word documentthat contained citations

and all citationsn these files were counted.

f

ed

as



article. However, Google does not distinguish on its website between
these differenbriginsof citations.

6.5.2 Wikipedia articles on thirgharty websites

Google Scholar indesWikipediaarticles when the article is available
as PDF on #hird party website. For instance, tidikipediaarticle on
climate changss also available asPDF on the website
http:/flunicontrotinc.com(with a different title) GoogleScholarhas
indexed this PDF (sdéigure) and counted its references.

CO ( ngt‘ SChOlar | Anthropogenic factors are human activities th ~ Search

Scholar |Ar1ic|es and patents ;I | anytime ;I | include citations ;I E

rror; What is Climate Change?

P Tectonics - unicontrol-inc.com

... water, and the long-term redistribution of heat in the world's cceans. Human

influences Anthropogenic factors are human activities that change the environment.
In some cases the chain of causality of human influence on the ...

Related articles - View as HTML - Import into BibTeX

Figure 9: Indexed Wikipedia article frorthird party website

That means, again, that not all citations on Go&gleolar araevhat we

calé f-whl uedé citations. More i mportantly,
perform academic search engine spam just by citing their papers in

Wikipediaarticles, creating a PDF of thikipediaarticle, and

uploading the PDF to the Web.

6.5.3PDF duplicates / PDF hijacking

Google Scholar indexes identical PDF files that have different URLs

separately, even if they aom the same server. In case of our article

Google Schol aribshiRanRAKnngntAl,gductory Ove
four PDFs on thelomain beel.org (sdeigure) were all indexed

Google even considers the saR2Fwith same URB once with and

once withoutvwwd as different.

That means a spammer could upload the same PDF several tithes to

saneWebpage and all PDFs would be displayed on Google Scholar.

Consequently, the probability that a user downloads the manipulated

PDF would increase.

81t could be that Google Scholar weights citations differentlgmising them for ranking
articles. However, third parties parsing Google Scholar cannot idangfdistinctions
9 http://en.wikipedia.org/wiki/Climate_change
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Scholar

ror; Google Scholar” s Ranking Algorithm: An Infroductory Overview beel.org [PDF]
J Beel, B Gipp - beel.org

Abstract— Google Scholar is one of the major academic search engines but its ranking algorithm

for academic articles is unknown. We performed the first steps to reverse-engineering Google

Schaolar's ranking algorithm and present the results in this research-in-progress paper. ...

Cited by 2 - Related articles - View as HTML - Import into BibTeX

poc) Google Scholar's Ranking Algorithm: An Infroductory Overview academia.edu [DOC]
J Beel, B Gipp - unt.academia_edu

Abstract— Google Scholar is one of the major academic search engines but its ranking algorithm

for academic articles is unknown. We performed the first steps to reverse-engineering Google

Scholar's ranking algorithm and present the results in this research-in-progress paper. ...

View as HTML - Import into BibTeX
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Abstract— Google Scholar is one of the major academic search engines but its ranking algorithm
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View as HTML - Import into BibTeX

Figure 10: Identical PDFdrom the domain beel.ogrouped as separate versions

The ranking of groupeBDFs depends mainly on the file dateewer

files are listed higher. That means spammers publishing modified
versions of an article most likely will see their manipulated PDF as the
primary download link for an article. This was also the case in our test
with the manipulated PDF containing Viagra advertisement. The
manipulated PDF is the most current PDF and displayed as primary
download link (sed-igurell).

Advanced Scholer Search

G()k Jg[e scholar Faeegle scholar anking algorithmimpacta | Search | S550% 52250

Scholar IAnicIes and patents LI | anytime LI Iiﬂclude citations LI

o Google Scholar's Ranking Algorithm: The Impact of Articles' Age (An ... beel.org [PDF]
G Magdeburg - beel.org

Google Scholar is one of the major academic search engines but its ranking algorithm for academic

articles is unknown. In recent studies we partly reverse-engineered the algorithm. This paper

presents the results of our third study. While the first study provided a broad overview and ...

Related articles - View as HTML - All 8 versions - Import into BibTeX

Link to manipulated PDF with
Viagra advertisement



Figure 11: Ranking of multiplePDF files

A similar practice is known frorvebs pam. O6Page hijackingé d
the practice that spammers credtebpages (with advertisememnt

malicious code, etc.) similar to a popular website. Under some

circumstances Googldentifiesthe duplicate sithe originaWebpage

and displ ays t hethegpnmarly searehtesut.6 websi te as
6.5.4Misidentification of journal name

By coincidence we realized that it is possible to manipulate the journal

name Google Scholar anticipates as the publisloaghal of an article.

One of our papergGipp and Beel (2009)ncludes a vector graphic on

the second page that illustrates how recommendations are made on our
websitehttp://sciplore.og. This vector graphic includes bibliographic

information among other6 Epi de mi ol ogy, Figuel . 19, no.
12for a screenshot of that PDF and the vector graphic).

.\

I- 2009_Identifying_related_documents_for_research_pape _ ||:|
| Fle Edt View Comments Forms Took Help _|=
W
going to be integrated in the research paper recommender
SciPlore.org. Do
citi
Papers similar to the last papers you have read
cite
rE TR Rea
M. Szklo (2008),
Epidemiolegy, vol. 19, no. 3 Figure.
Figure 2: Similar paper recommendation Documents are biblio
more documents in
approach: Papers A

Figure 12: PDF with a vector graphic showing a popular journal name (Epidemiology)

Interestingly, Google Scholarsedthis bibliographic information as the
name of thgournal our article was published in (although it was not).
A search on Google Scholar for our ddishows the article as being
published inEpidemiology a reputable journal by the publisRESTOR
(seeFigurel3).


http://sciplore.org/

Advanced Scholar Search

C';Ol. nge Scho|ar |" |dentifying Related Documents For Researc = Search | cholar Preferences

Scholar IAnicIes and patents ;I I anytime ;I I include citations ;l

ror Identifying Related Documents For Research Paper Recommender By CPA And COA
B Gipp. J Beel - Epidemiclogy - beel_org

Abstract—This work-in-progress paper introduces two new approaches called Citation Proximity

Analysis (CPA) and Citation Order Analysis (COA). They can be applied to identify related documents

for the purpose of research paper recommender systems. CPA is a variant of co-citation ...

Cited by 1 - Related articles - View as HTML - All 5 versions - Import into BibTeX

Figure 13: Misidentification of journal name

Apparently, Google Schat is using text within an article to identify
the articleds publishing journal
make their papers appearibhey werebeing published in reputable
journals.

7 _Discussion

We discussed academic search engine spanseséral colleagues.
Some congratulated ws our work; others consideredtd be
meaningless or even negative for the academic community. Apparently,
opinions vary strongly about academic search engine spaenefore,

we believe that academic search eegpptimization and the potential
threat of abusing it should be discussed.

We have heard the argumehat academic spam might be a less
serious threat to academic search enginesWelmspam is tdNVeb

search engines. First, the effoequiredfor acadenic search engine

spam is high in contrast tbe effort required fonormalWebspam.
Creating spanwWebpages, including the registration of new domains,
can be done almost automatically within seconds. In contrast, creating
modified PDFs or publishing Beles with printon-demand publishers
requires significantly more time.

Second, the benefit of spam for researchers is not as immediate and
measurable as it is fatherWebspammers. While Webspammer

can expect a certain amount of money for eachtiaddi visitor, a
researcher can hardly specify the benefit of additional citations and
readers.

Finally, and most importantly, researchers are not anonymol¢gelin
search, a websitebs domain might
site is identifiedas spam but the spammer could register a new domain
within seconds (with a fake identjtif necessary In contrast,

researchers need to think about their reputatfanresearcher doing

be

banrt



academic search engine spamreexposed, the academic search

engne would ban all his articles permanentyd his reputation in the
academic communityould likely be permanently damaged.

However, #hough the vast majority of researchers are honest, it is
widely known that there are some researchers performingicakand
even illegal actions to increase their reputation (see,[éuglson

(2004) for examples). Therefore, it must be assumed that some
researchers are willed to do academic search engine spam, despite the
risks.

Also journals and conferences might be tempted to do academic search
engine spam. Most, if not all, journal and conference rankings consider
citation counts as the major or even only factor for calculating the
ranking. By citation spam, journals and caefeces could dramatically
increase their rankingsind thereforenost likely, their revenue.
Journalsmight also be tempted to perform academic search engine
spam to attract more visitors to their websites. The publSAGE

states that 60% of all onlirreaders come via Google and Google
Scholar to their journalsSAGE (2010). This percentage may increase

in a few yearsTherefore academic search engine spam could bring
thousands of new visitors and potential revei@maall and currently
unknown journals and conferences mighebpecially willingto take

the risk If they are discoveredhey could found another journat
conference and try again.

Maybe most i mp Wekdsgamrmergpyopablpwil placena | 6
their spam in modified research articles as soon as they learn that it is
possible. Google Scholar provides a new platform to them with hardly
anybarriersto distribuing their spam. There is no reason to assume
that normal spammers would not take advantagbisf

Most publishers seemotto be aware of the possibility of academic
search engine optimization and academic search engine spam. We
scrutinizedpublishing policies of three major publishers in the field of
computer sciencdEEE, Springer andACM) ard could not find any

rules or policiegshat address things likacluding invisible text.

Some publishers are aware of the benefits of academic search engine
optimization.The publisheSAGE for instancesuggests the following
practicefor authors



fiSearch engines look at the abstract page of your article

[ €] Try to repeat the key descriptive
overplay it, focus on just 3 or 4 key phrases in your

abstrac [SAGE (2010)

AEnsure the main key phrase faur topic is in your
article titleo [SAGE (2010)

This advice doenot differ significantly from the guidelines we

provided in[Beel etal. (2010). However, some journal so
recommendatios cross what we would consider legitimate ASEO. For

instance, thdournal of Information Assurance and Secu(iAS)

gave the following 6recommendationd to I
in 2009 was accepted

Pl ease [é] improveresewah i ntroduction/
section by including all the past related papers published
in JIASO

Also thelnternational Journal of Web Information Systems
recommendethat wefiadd references from papers previously

published in International Journal of Web Information Syste af t er
one of our papers was accepted in 2010.

To us, thantentionof these recommendations seem primarily to be to
increase citation counts of the journal and hence to improve metrics
such as the impact factor

8 Conclusion

As long as Google Sdtar applieonly very rudimentargr no

mechanisms to detect and prevent spam, citation counts should be used

with care to evaluate articlesdé and r esc¢
researchers should be aware that rankings and linked content might be

manipubted. Overall, Google Scholar is a great tool that may help

10 Due to these recommendations we decided to withdraw the submitted papers.



researchers find relevant articles. However, Google ScholaNisba
based academic search engine and as witlvgliibased search
engines, the linked content should not be trubteedily.

To a@ademic search engine®wuggest applying at least the most
common spam detecting techniques known fiebsearch engines.
They includeanalyzing documents for invisible text and either ignoring
this text or ignoring the entire document. Alsery smallfonts,
especially in vector graphicshould not be indexed. With common
spam detection methods the PDFs
spam. If an authoritative article directly from the publisher is available
only citationsfrom this article shoulde countedand notform other
versionsof the articlefound on the Web. It is alsguestionable whether
counting citations fronPowerPointslides andviicrosoft Word
documents is sensible.

I n addition, documents should be
documents we created wiitiGenand published witlgrin and on
Academia.edeonsisted of completely nonsensical tdxit still they

were indexed. Articles with identical nearly identicatext but

different titles should not be listed as separate seaesults but should
be grouped. Also, identical PDFs, especially wtiezy arefrom the

same domain, should not be listed as separate versions.

Finally, we suggest that publishers change their policies: over
optimization of articles should be a violatiof ther policies and lead

to appropriate consequences. Howetleg,academic community needs
to decidewhat actions are appropriate and when academic search
engine optimization ends and academic search engine sggins

9 Summary

Our study on theesilienceof Google Scholar delivers surprising
results: Google Scholar is far easier to spam than the classic Google
Search foMWebpages. While Google Web Search is applying various
methods to detect spam and there is lots of research on detecting spam
in Websearch, Google Scholar applies only very rudimentary
mechanism3 if anyd to detect spam.

Google Scholar indexed invisible text in all kind of articles. A
researcher could put invisible keywoiidshis articlebefore, oreven

after, publication and iorease the ranking and visibility of this article
on Google Scholar.

coul d al

analyze



Google Scholar counted references that were added to modified
versiors of already published articdeThat means authors could add
references in their articles after official publicatidinthese altered
articles were published on the Web, Google would index them. This
way, researchers could increase citation counts and rankinigs of
citedarticles. They could alsbring attention to their articles because
the cited authors might inviégate who has cited therResearchers
could also modify articles from other authors and add references to
their own articles. This way, scholars could create the impression that
an authority in their field cited their articles and increase citation counts
as well.

Google Scholar also indedfake articles uploaded to trusted sources
such aAcademia.edand articleshatwere publisheésbook with a
print-on-demand publisher such &sin*. Thisgivesresearchers
another way tananipulate citation countd extendheir publication
lists. An authorcould createafake article withhis or hemame and the
name of a popular researcher asacohor. This method coullsobe
used to publisia realarticle again butwith a differenttitle, so the
different varations would appear as separate items in the result lists
(duplicate spam).

Google Scholar is indexing file formats other than PDFs, such as
PowerPointpresentations.jppt) andMicrosoft Worddocuments (.doc),
and counting references that were made aséhfiles. Although we did
not test it, one might assume that it would be easy to dreaterPoint
presentations and doc files citing a specific article just with the
intentionof pushingthea r t i ¢ | e Gaogle Szholariisralgo.
indexing norpeerreviewed academic documents such as thesis
proposals oWVikipediaarticles offered on third party websites.

It wasalsoeasy to perform duplicate spawith changeditles,

basically identical PDFs were identified as separate articles. In
addition, Google Sallar seems to rank new PDFs higher than older
PDFs. That means manipulated PDFs most likely would appéhe as
primary download link.

By coincidence we realized that Google Scholar assigneper ta
journal namd in the full textof the article. We dl not investigate this

111t has to be meioned that we published this book under our real names. However, it would
have been just as easy to publish it with a fake identity (though this would have violated the
terms of service of the print on demand publisher).



further,butit might be possible to make an artideem to have been
published in a reputable journal although it never was.

Finally, Google Scholar indexed modified versions of articles that
contained advertisemeniCertainly, esearchers would not add
advertisement to their own articles. But it is imaginable that normal
spammergoulddownload thousands of academic PDFs, automatically
place their advertisement in these PDFs, and ugleamdto theweb.

Google Scholar would indexem, and users of Google Scholar

i nterested in an articleds full text
articles and see the advertisement.

Some might argue that academic search engine spam is a less serious
threat to academic search engines than classicspéei is to Web

search engines. However, the potential benefits of academic search
engine spam might be too tempting for some researchers. In addition,
we see little reason why normal Web spammers should not place their
advertisement in academic articles.

To prevent academic search engine spam, Google Scholar (and other
Web-based academic search engines) should apply at least the common
spam detection techniques known from Web spam detection, analyze
text for sensemnaking, and not count all citations.

Note

We would like to note that the intention of this paper was not to expose Google
Scholar. The intention was to stimulate a discussion about academic search engine
optimization and the threat of academic search engine spam. We chose Google
Scholar as theubject of our study because Google Scholar probably is the best and
largest academic search engine indexing PDFs from the Web. Currently, we are
developing our own academic search engsuéPlore(http://sciplore.oryy As yet,
SciPlorehasno protectionsgainst spam eithef very brief investigation o€iteSeer
andMicrosoft Academic Seardhdicates that thegto not detect academic search
engine spam either.
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